
Abstract. Lumican is a member of a small leucine-rich
proteoglycan family and is highly expressed in several types
of cancer cells and/or stromal tissue. Lumican expression in
the cytoplasm in advanced colorectal cancer correlates with
poor patient prognosis. The expression of lumican in stromal
tissues is associated with a high tumor grade, a low estrogen
receptor expression level, and young age in breast cancer and
is associated with tumor invasion and advanced stage in
pancreatic cancer. In this study, we examined the expression
and role of lumican in lung cancer including adenocarcinoma
(ADC) and squamous cell carcinoma (SqCC). Immunohisto-
chemically, lumican was weakly expressed in vascular smooth
muscle cells, perivascular and peribronchial connective tissues
and bronchial epithelium of normal lung tissues. In lung
cancer tissues, lumican was localized in the cytoplasm of
cancer cells and/or stromal tissues adjacent to cancer cells. In
ADC, the expression level of lumican in cancer cells correlated
with pleural invasion and larger tumor size, but that of lumican
in stromal tissues did not correlate with clinicopathological
factors. In SqCC, the expression level of lumican in cancer
cells correlated with formation of a keratinized pattern, and
stromal lumican expression correlated with vascular invasion.
In SqCC and ADC, the expression level of lumican in cancer
cells did not correlate with patient prognosis. In lung cancer
cell lines, lumican mRNA and protein were expressed in LC-1/
Sq and EBC-1 cells established from SqCC, and A549,
RERF-LC-KJ and PC-3 cells from ADC. The molecular
weight of lumican extracted from the cytoplasm of lung cancer
cells differed from that in the culture medium owing to
glycosylation of the protein. These findings suggest that the

expression pattern and the glycosylated type of lumican in
cells and stromal tissues correlate with the aggressiveness of
lung SqCC and ADC.

Introduction

Lumican is a member of the small leucine-rich proteoglycan
(SLRP) family. SLRP family members have small core
proteins of ~40 kDa and possess 6-10 leucine-rich repeating
units flanked by disulfide-bonded domains and glycosamino-
glycan side chains (1-3). The SLRP family was reported to
regulate the extracellular matrix function such as tissue
hydration and collagen fibrillogenesis. Furthermore, SLRP
proteins modulate cell migration and proliferation during
embryonic development, tissue repair and tumor growth.
Lumican is the major keratan sulfate proteoglycan of the
cornea, and was reported to colocalize with fibrillar collagen
and regulate the assembly and diameter of collagen fibers (4-6).
Lumican is also distributed in interstitial collagenous matrices
in the skin, pancreas, intervertebral disks, skeletal muscle,
kidneys, intestine, brain, placenta, heart, aorta, liver and lungs
(3,7-12). Mice that are homozygous for the null mutation in
lumican show corneal opacification and skin laxity owing to
heterogeneous collagen bundles (5).

In breast cancer tissues, a high expression level of lumican
in the stromal tissue is associated with a high tumor grade, a
low estrogen receptor (ER) expression level and young age
(13). We previously reported prominent lumican expression in
stromal tissues adjacent to colorectal, uterine cervical and
pancreatic cancer cells (12,14-19). In pancreatic cancer,
lumican expression in stromal tissues correlates with female
gender, advanced stage, retroperitoneal and duodenal invasion
and residual tumor (18). Patients with lumican-positive
pancreatic cancer cells tend to have a higher survive rate than
those with lumican-negative cancer cells, but patients with
lumican-positive stromal tissues show a reduced survival
compared to those with lumican-negative stromal tissues.
These findings suggest that the presence of lumican in stromal
tissues, adjacent to cancer cells, plays important roles in cancer
cell growth.

Non-small cell lung carcinoma often causes fibrosis,
scarring, or hyalinization close to a cancer cell nest. In lung
adenocarcinoma (ADC), the central fibrosis or scar grade has
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been reported as an important prognostic factor (20-24),
whereas its prognostic importance has not been confirmed in
lung squamous cell carcinoma (SqCC) (25,26). Fibrous tissues
adjacent to cancer cells mainly consist of fibroblasts, collagen
fibers, glycoproteins, hyaluronan and proteoglycan and are
considered to affect cancer cell proliferation, migration,
spread and establishment of metastatic foci (27). The collagen-
elastin-proteoglycan matrix is the key constituent of lung
fibrosis. Although the collagen and elastin components of the
lung extracellular matrix have been widely studied (28,29),
the exact composition and distribution of the proteoglycan
components within the matrix of lungs have not as yet been
fully determined. 

In human lungs, lumican is a major component of the
proteoglycan matrix (7), and lumican has been reported to be
involved in airway remodeling of asthma (30,31). The
proteomic profiles revealed that 364 protein spots corresponding
to 58 gene products, including lumican, were highly expressed
in serum from five lung cancer patients (32). However, little
is known about the expression and role of lumican in human
lung cancer tissues. Therefore, we examined whether lumican
is expressed in the cytoplasm and/or stromal tissues of lung
ADC and SqCC. Furthermore, we clarified the correlations
of lumican expression in lung ADC and SqCC with clinico-
pathological factors and prognosis. 

Materials and methods

Materials. The following materials were purchased: a
Histofine Simple Stain PO (R) Max Kit from Nichirei (Tokyo,
Japan); antibiotics and antimycotics from Invitrogen Co.
(Carlsbad, CA, USA); Isogen from Nippon Gene Co., Ltd.
(Tokyo, Japan); a FastPure RNA Kit from Takara Bio Inc.
(Shiga, Japan); a High Capacity cDNA Reverse Transcription
Kit from Applied Biosystems (Foster City, CA, USA); a
LightCycler TaqMan Master from Roche Diagnostics GmbH
(Mannheim, Germany); a goat anti-rabbit IgG-HRP secondary
antibody from American Qualex (San Clemente, CA, USA); an
IPVH membrane and Immobilon Western Chemiluminescent
HRP substrates from Millipore (Yonezawa, Japan); M-PER
Mammalian Protein Extraction Reagent from Pierce (Rockford,
IL, USA); Ultracel-10K centrifugal filters from Millipore
(Billerica, MA, USA); and Human Tissue Microarray 1 from
Novagen (Darmstadt, Germany). All other chemicals and
reagents were purchased from Sigma Chemical Co. (St.
Louis, MO, USA).

Patients and surgical specimens. Lung cancer tissues were
obtained from surgical resection specimens (n=102; 51 for
ADC and 51 for SqCC) at Nippon Medical School Hospital
(Bunkyo-ku, Tokyo, Japan) from 1997 to 2001. Specimens
from patients with interstitial pneumonia, infectious lung
disease or other inflammatory lung diseases were excluded
from the study. All of the excised tissues were fixed in 10%
neutral-buffered formalin and embedded in paraffin. The
sections (3.5-μm) were stained with hematoxylin and eosin,
and the lung cancer specimens were examined in accordance
with the World Health Organization (WHO) histological
classification (33). In addition to WHO classification, stromal
change was analyzed microscopically, and we divided the

lung fibrosis pattern into active fibrosis and sclerosis. In
SqCC patients, the degree of keratinization was classified in
accordance with the following scale: 0, no keratinization of
cancer cells; I, mild; II, moderate; and III, abundant
keratinization. As negative controls, noncancerous tissues,
obtained from autopsy (n=5) and Human Tissue Microarray 1
(n=1) were employed. 

The study protocol followed the ethical guidelines of the
Nippon Medical School and the principles embodied in the
Declaration of Helsinki, 1975.

Immunohistochemical staining of lumican. Lung cancer
sections (n=102) obtained from a characteristic lesion in each
patient were used for immunohistochemistry using an affinity-
purified rabbit anti-lumican polyclonal antibody as previously
reported (9). The primary antibody (1:1000 in dilution) was
applied to the tissue sections. The sections were then incubated
overnight at 4˚C, and then the bound antibodies were detected
with Simple Stain PO (R) Max reagents using diamino-
benzidine tetrahydrochloride (DAB) as the substrate. Vascular
smooth muscle cells (VSMCs) that were positive for lumican
in the lung cancer tissue sections were used as an internal
positive control (10). For the evaluation of the intensity of
lumican staining, the following scale was employed in
accordance with a previous report: 0, no staining; 1+, mild
staining; 2+, moderate staining; and 3+, intense staining (34).
At a magnification of x100, 10 microscopic images, randomly
selected for each patient, were analyzed. The average intensity
of 10 images was regarded as the lumican index and used for
statistical analysis. Staining intensity was determined in the
area of the carcinoma cells and stromal tissues adjacent to
cancer cells (within 100 μm). For the analysis of survival
rate, the average lumican index was calculated, and when the
indices were more than the average, patients were designated
as lumican-positive. Similarly, the immunohistochemical
results for stromal tissues were evaluated to determine
positivity or negativity for lumican. Two investigators
separately evaluated all the specimens in a blinded manner.

Lung cancer cell lines. SqCC cell lines (LC-1/Sq and EBC-1),
and ADC cell lines (A549 and RERF-LC-KJ) were obtained
from Riken BioResource Center (Ibaragi, Japan). PC-3, an
ADC cell line, was obtained from Health Science Research
Resources Bank (Osaka, Japan). The cells were grown in
RPMI-1640 medium containing 15% heat-inactivated fetal
bovine serum (FBS), 200 U/ml penicillin and 200 μg/ml
kanamycin at 37˚C in a humidified 5% CO2 atmosphere. 

Quantitative real-time PCR analysis. Lung cancer cells were
grown in RPMI-1640 medium with 15% FBS for 24 h and
then cultured with serum-free medium for 48 h. Total RNA
was extracted from lung cancer cells using Isogen and then
purified using a FastPure RNA Kit. Next, cDNA synthesis
was performed using a High Capacity cDNA Reverse
Transcription Kit following the manufacturer's protocol.
Quantitative real-time PCR (Q-PCR) was performed using a
LightCycler TaqMan Master System. The real-time PCR
primers used for lumican corresponded to nucleotides (nts)
1231-1252 (5'-TGG-AGG-TCA-ATC-AAC-TTG-AGA-A-3')
and nts 1302-1322 (5'-CAA-ACG-CAA-ATG-CTTGAT-
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CTT-3') (92 bp, Accession no. NM_002345). 18S rRNA, as
the internal positive control, was amplified using the
following primer pairs: nts 83-103 (5'-TGC-GAG-TAC-
TCA-ACA-CCA-ACA-3') and nts 150-167 (5'-GCA-TAT-
CTTCGG-CCC-ACA-3') (85 bp, Accession no. NM_022551).
As TaqMan probes, the Universal ProbeLibrary probe for
lumican and 18S rRNA were used (Roche). A PCR reaction
mixture containing 2 μl of template cDNA, 0.2 μM primers,
0.1 μM Universal ProbeLibrary probe and 4 μl of Light
Cycler TaqMan Master Mix was added to a capillary tube.
Q-PCR was carried out in the LightCycler, and PCR products
were analyzed using LightCycler Data Analysis software
ver. 3.5 (Roche). The optimized program involved denaturation
at 95˚C for 10 min, followed by 50 cycles of amplification (at
95˚C for 10 sec and at 60˚C for 30 sec) for lumican and 18S
rRNA. Results were expressed as target/18S rRNA as an
internal standard concentration ratio. The gene expression
level was measured in triplicate.

Western blot analysis. Lung cancer cells were grown in
RPMI-1640 medium with 15% FBS for 24 h, and then
cultured with serum-free medium for 48 h. Protein was
extracted from lung cancer cells in accordance with the
protocol for the use of the M-PER Mammalian Protein
Extraction reagent. Lysates were centrifuged for 10 min at
13,000 rpm to pellet cell debris, and the resulting super-
natants were collected as intracellular protein. Culture medium
(~30 ml) from each cancer cell line was centrifuged for 30 min
at 15,000 rpm to pellet cell debris, and the resulting super-
natants were concentrated in Ultracel-10K centrifugal filters
to 500 μl. The concentrations of intracellular protein and the
protein in concentrated culture medium were measured by the
Bradford method. The cleared protein lysates from the cancer
cells and the concentrated culture medium were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
under reducing conditions, and the separated proteins were
transferred to Immobilon P transfer membranes. The
membranes were immersed in 5% skim milk in Tris-buffered
saline containing 0.05% Tween-20 for 60 min at room
temperature and then incubated for 16 h at 4˚C with an anti-
lumican antibody (1:800 in dilution). The anti-lumican

antibody used was the same antibody employed in immuno-
histochemical staining. The membranes were washed and
incubated with the HRP-conjugated anti-rabbit IgG antibody
(1:4000 in dilution) for 60 min. After washing, the blots were
visualized using enhanced chemiluminescence and detected
with a ChemiDoc XRS System (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). To confirm the nearly equal loadings of
the proteins from the cancer cells, the membranes were washed
and reblotted with an anti-ß-actin antibody. Prior to Western
blotting, portions of protein extracts from A549 and LC-1/Sq
cells and their concentrated culture medium were chemically
deglycosylated using GlycoProfile IV, a chemical deglyco-
sylation kit, in accordance with the manufacturer's protocol.

Statistical analysis. All quantitative data were presented as
the mean ± SD and were assessed using the Student's t-test, the
Mann-Whitney test or the Tukey-Kramer test. Furthermore,
the degree of keratinization was analyzed using the Spearman
rank-order correlation coefficient. The five-year survival rate
was assessed using the Kaplan-Meier test. P<0.05 was
considered significant in all analyses.

Results

Immunohistochemical analysis of lumican in lung cancer
patients. To confirm the localization of the lumican protein
in human lung cancer tissues, immunohistochemical analysis
was performed. In normal lung tissues, lumican was expressed
in fibroblasts and collagen fibers in perivascular and
peribronchial connective tissues (Fig. 1A, arrows), VSMCs
(Fig. 1A, arrowheads) and bronchial epithelium (Fig. 1B,
arrowheads), but it was not detected in the alveolar epithelium. 

In SqCC and ADC patients, lumican immunoreactivity
was strong in the cytoplasm of carcinoma cells (Fig. 2A and
B, respectively) and/or stromal tissues close to the cancer
cells (Fig. 2C and D, respectively). We analyzed lumican
expression in each type of cancer cell and stromal tissues. The
results of immunohistochemical staining of lumican in SqCC
and ADC are summarized in Tables I and II, respectively. In
SqCC, lumican expression in stromal tissue close to cancer
cells significantly correlated with vascular invasion (p=0.0316,
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Figure 1. Immunohistochemical analysis of lumican in normal lung tissues. In normal lung tissues, lumican was detected in fibroblasts and collagen fibers in
perivascular and peribronchial connective tissues (A, arrows), vascular smooth muscle cells (A, arrowheads), and the bronchial epithelium (B, arrowheads),
but not in the alveolar epithelium. Immunohistochemistry. Original magnification: A, x400; B, x200.
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Figure 2. Representative staining patterns of lumican from lung cancer patients. In SqCC, lumican immunoreactivity was detected in the cytoplasm of
carcinoma cells and stromal tissues (A and C, respectively). In ADC patients, lumican was localized in the cytoplasm of carcinoma cells and stromal tissues
(B and D, respectively). A and C, SqCC patients; B and D, ADC patients. Original magnification, x400.

Figure 3. Five-year survival curves of lung carcinoma patients. For the analysis of survival rate, the average lumican index was calculated, and when the
lumican indices were more than the average, the patient was designated as lumican-positive. Kaplan-Meier survival curves of lumican-positive and lumican-
negative groups of patients for the cytoplasm of SqCC cells (A) and stromal tissues adjacent to SqCC cells (B). Lumican-positive and lumican-negative
groups of patients for the cytoplasm of ADC cells (C) and stromal tissues close to ADC cells (D). Lumican expression did not correlate with survival rate in
all groups. Continuous line, lumican-positive group; dotted line, lumican-negative group. 
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Table I); however expression of lumican in the cytoplasm of
SqCC cells showed no significant correlation with vascular
invasion (p=0.7729). Lumican expression in the cytoplasm of
SqCC cells correlated with enhancement of keratinization
(p=0.0027). In ADC, expression of lumican in stromal tissues
adjacent to cancer cells did not correlate with any clinico-
pathological features, whereas lumican expression in the
cytoplasm of cancer cells correlated with pleural invasion
(p=0.0123, Table II) and larger tumor size (p=0.0363). 

SqCC showed higher lumican expression levels in cancer
cells than in stromal tissues, whereas ADC showed higher
lumican expression levels in stromal tissues than in cancer
cells (p<0.0001, respectively). In the comparison between

SqCC and ADC, the expression of lumican in the cytoplasm
of SqCC cells showed higher indices than that of ADC cells
(SqCC, 1.75±1.09 and ADC, 0.51±0.83; p<0.0001; Tables I
and II). In contrast, stromal lumican expression in SqCC
showed lower indices than that in ADC (SqCC, 0.98±0.51
and ADC, 1.77±0.65; p=0.015; Tables I and II).

The five-year survival rates were 56.5% in SqCC and
86.5% in ADC patients. The five-year survival rate was
compared between lumican-positive and lumican-negative
groups of patients (Fig. 3). In SqCC and ADC, lumican-
positive or lumican-negative groups of patients for cancer cells
or stromal tissues showed no significant differences in
survival rate (Fig. 3A-D).
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Table I. Immunohistochemistry of lumican in squamous cell carcinoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Lumican index P-value Lumican index P-value
patients of cancer cells of stromal tissues

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Total (age 66.12±8.18) 51 1.75±1.09 0.98±0.51 

Gender
Female 4 0.75±0.96 1.25±5.00 
Male 47 1.83±1.07 0.0569 0.96±0.46 0.2344 

Differentiation
Well 13 1.92±1.26 1.00±0.41 
Moderate 26 1.81±0.98 0.89±0.43
Poor 12 1.42±1.17 >0.0500 1.17±0.58 >0.0500

Vascular invasion
- 23 1.70±1.02 0.83±0.39
+ 28 1.79±1.17 0.7729 1.11±0.50 0.0316a

Pleural invasion
- 28 1.68±1.06 1.00±0.39 
+ 23 1.83±1.15 0.6362 0.96±0.56 0.7453 

Tumor size
≤30 mm 21 1.81±0.98 0.95±0.21 
>30 mm 30 1.70±1.18 0.7284 1.00±0.64 0.7462 

Lymph node metastasis
- 34 1.68±1.07 0.97±0.39
+ 17 1.88±1.17 0.5313 1.00±0.61 0.8351 

Stage
I 29 1.62±1.05 0.93±0.37 
II 7 2.14±1.07 1.00±0.00 
III 14 1.93±1.14 1.07±0.73 
IV 1 0.00 >0.0500 1.00 >0.0500

Stromal change
Active fibrosis 49 1.78±1.10 0.98±0.48 
Sclerosis 2 1.00±0.00 0.3301 1.00±0.00 0.9526

Keratinization
0 14 1.14±1.10 1.07±0.62
I 17 1.65±0.93 1.06±0.24
II 15 2.20±1.08 0.80±0.41
III 5 2.40±0.89 0.0027a 1.00±1.00 0.2352

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aStatistically significant difference.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Quantitative real-time PCR analysis. Lumican mRNA was
detected in all ADC and SqCC cell lines examined, and its
expression level was highest in A549 cells and lowest in
EBC-1 cells (Fig. 4). The lumican mRNA expression level
in A549 cells was 10,000-fold higher than that in EBC-1
cells. 

Western blot analysis. Western blot analysis of the lumican
protein extracted from ADC and SqCC cell lines showed that
it was expressed in cancer cells (Fig. 5A, first to fifth lane
from left). To examine whether lumican is effectively secreted
to the extracellular space, culture medium was collected and
analyzed by Western blot analysis. The lumican protein was
also detected in the culture medium of ADC and SqCC cells
(Fig. 5B, first to fifth lane from left). Various molecular
weights of the lumican protein were detected ranging from
37 to 250 kDa in the cells and culture medium. The molecular
weight differed between lumican extracted from cells and
that in culture medium. There was a significant difference in
the molecular weight of lumican in culture medium between
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Table II. Immunohistochemistry of lumican in adenocarcinoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Lumican index P-value Lumican index P-value
patients of cancer cells of stromal tissues

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Total (age 63.88±10.05) 51 0.51±0.83 1.77±0.65 

Gender
Female 16 0.50±0.73 1.75±0.58
Male 35 0.46±0.89 0.8667 1.77±0.69 0.9144

Differentiation
Well 34 0.62±0.92 1.82±0.63
Moderate 11 0.27±0.65 1.55±0.82
Poor 6 0.00±0.00 >0.0500 1.83±0.41 >0.0500

Vascular invasion
- 33 0.69±0.86 0.42±0.86
+ 18 0.73±0.83 0.5957 0.56±0.83 0.7227

Pleural invasion
- 32 0.23±0.63 1.80±0.71
+ 19 0.84±1.02 0.0123a 1.68±0.58 0.5566

Tumor size
≤30 mm 33 0.30±0.64 1.76±0.66 
>30 mm 18 0.82±1.07 0.0363a 1.77±0.66 0.9184

Lymph node metastasis
- 44 0.55±0.88 1.82±0.58
+ 7 0.10±0.12 0.1083 1.43±0.98 0.1429

Stage
I 43 0.56±0.88 1.81±0.59
II 6 0.17±0.41 1.33±1.03
III 2 0.50±0.71 >0.0500 2.00±0.00 >0.0500

Stromal change
Active fibrosis 36 0.50±0.85 1.75±0.65
Sclerosis 15 0.53±0.83 0.8980 1.80±0.68 0.8054

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aStatistically significant difference.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Quantitative real-time PCR analysis of lumican mRNA in lung
cancer cell lines. Lumican mRNA was detected in all five lung cancer cell
lines, and its expression level was highest in A549 cells and lowest in EBC-1.
The lumican mRNA expression level in LC-1/Sq cells was 10,000-fold
higher than that in EBC-1 cells.
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cell lines, but the molecular weights of lumican extracted from
cells were nearly the same between cell lines.

To clarify the reason for the different molecular weights
of lumican, chemical deglycosylation was performed using a
GlycoProfile IV Kit, which can digest all types of glycan. In
A549 and LC-1/Sq cells originating from ADC and SqCC,
respectively, the lumican protein extracted from cells and that
in culture medium were digested, and the molecular weight
of lumican was observed to decrease (Fig. 5A and B, sixth
and seventh lanes respectively, from the left). 

Discussion

Lumican is a major proteoglycan in the lungs, but its role in
normal lung tissue is not well understood (7,30-32). In this
study, lumican was found to localize in collagen fibers and
fibroblasts in peribronchial connective tissues, VSMCs and the
bronchial epithelium of normal lungs. These findings agree
with our previous reports that lumican localizes in the
periductal connective tissues of normal pancreas (11,18) and
VSMCs (8,10), and suggest that lumican assembles and
organizes into collagen fibers around ductal tissues and in the
media of arteries.

In lung SqCC and ADC, lumican was expressed in the
cytoplasm of carcinoma cells and/or stromal tissues, which is
in agreement with our previous reports of lumican expression
in pancreatic ADC (12,18), colorectal ADC (14-16) and
uterine cervical SqCC (17). In the present study, lumican
expression correlated with various clinicopathological factors,
such as keratinization and vascular invasion in lung SqCC,
and pleural invasion and larger tumor size in lung ADC. These
results suggest that lumican plays various roles in lung cancer
and differential roles in lung SqCC and ADC.

The expression pattern of lumican differed between lung
SqCC and ADC. SqCC showed higher lumican expression
levels in cancer cells than in stromal tissues, whereas ADC
showed higher lumican expression levels in stromal tissues
than in cancer cells. The expression pattern of lumican suggests

a difference in the role of lumican between lung SqCC and
ADC.

Furthermore, lumican showed a difference in molecular
weight between the cytoplasm and culture medium owing to
glycosylation. Malignant transformation is associated with
abnormal glycosylation, resulting in the expression of an
altered glycosylation pattern (35). Abnormal glycosylation
caused by alteration of glycosyltransferase, a catabolic
enzyme, or a precursor carbohydrate chain, plays important
roles in metastasis, invasion and attachment of cancer cells.
The difference in glycosylation pattern between lumican in
the cytoplasm and secreted lumican observed in the present
study indicates the differential roles of lumican in lung cancer
cells and stromal tissues.

A previous study showed that in uterine cervical SqCC,
lumican is expressed in cancer cells, and is not expressed
in squamous or ductal epithelial cells in noncancerous tissues
(17). In the corneal squamous epithelium, lumican is
expressed ectopically and transiently during the early phase
of corneal wound healing (6). These findings, including those
of our present study, indicate that lumican is not synthesized
by normal squamous epithelial cells, but is ectopically
synthesized by cancer cells and epithelial cells close to cancer
cells. 

The relationship between stromal lumican in lung SqCC
and vascular invasion observed in this study is consistent with
a previous report that lumican regulates angiogenesis via p38
MAPK in the vascular endothelium (36). Tumoral angio-
genesis is important for tumor growth, invasion, metastasis,
and the microenvironment (27,37,38); therefore, further
studies are needed to clarify the role of lumican.

In lung ADC, lumican expression in the cytoplasm of
cancer cells correlated with pleural invasion and larger tumor
size. In advanced colorectal ADC, lumican expression tends
to correlate with the depth of tumor invasion, and a high
lumican expression level correlates with poor patient prognosis
(14). These findings suggest that lumican in ADC promotes
tumor progression and invasion. 
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Figure 5. Western blot analysis of lumican in lung cancer cell lines. Both cell extracts (A) and culture medium (B) showed 37- to 250-kDa bands
corresponding to lumican. A549 (+) and LC-1/Sq (+) lanes show that the lumican protein in cell extracts and that in culture medium were chemically digested,
and the molecular weight of lumican was observed to decrease.
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Fibrous tissues adjacent to cancer cells are often observed
in non-small cell lung carcinoma (20,25). In this study, to
clarify the relationship between lumican and carcinoma-
associated lung fibrosis, we divided the lung fibrosis pattern
into active fibrosis and sclerosis. Almost all lung SqCC
specimens showed the active fibrosis pattern, and ADC
showed both the active fibrosis and sclerosis patterns. There
was no significant difference between the fibrosis pattern and
lumican expression.

In conclusion, lung SqCC and ADC expressed lumican in
cancer cells and/or stromal tissues and showed differential
expression patterns of lumican. Various types of lumican
formed by glycosylation were observed in this study. The
expression pattern of lumican and distinct glycosylation
patterns of lumican in cells and stromal tissues play important
roles in vascular invasion, differentiation, proliferation and
invasion of lung SqCC and ADC cells.
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