
Abstract. Mimecan mRNA was present in a limited number
of mouse and human tissues, however, abundant mimecan
mRNA was observed in the lung tissue. Therefore, we
hypothesize that mimecan could serve as a biomarker for
differentiating various histological types of lung cancers. In
humans, the mimecan mRNA was found most abundant in
ovary and less abundant in lung by using Northern blot
analysis. Moreover, the mimecan was expressed strongly in
the epithelial cells of the bronchial wall and weaker in the
epithelial cells of the alveolar sacs by in situ hybridization and
immunohistochemical analysis. Furthermore, the mimecan
immunoreactivity was found in 103 (97.2%) of 106 non-small
cell lung cancers (NSCLCs). Nevertheless, a large majority
of small cell lung cancers (SCLCs) (50/56, 89.3%) showed
negative immunoreactivity to mimecan polyclonal antibody.
A significant difference of mimecan immunoreactivity was
found between NSCLC and SCLC (P<0.00001). This is the
first study showing that mimecan could serve as an excellent
pathological biomarker to distinguish NSCLCs from SCLCs.

Introduction

Mimecan/osteoglycin, isolated from bone, was originally called
osteoinductive factor and later renamed mimecan/osteoglycin

(1-3). It belongs to a family of small leucine-rich proteoglycans
(SLRPs) that are secreted into the extracellular matrix. SLRPs,
being abundant in bone matrix, cartilage cells and connective
tissues, are important for collagen fibrillogenesis, cellular
growth, differentiation and migration. The genomic structure
of mimecan is highly conserved among species, a single copy
gene gives rise to multiple mRNA transcripts, resulted from
differential splicing and alternative polyadenylation (4).
However, all mimecan mRNAs produce an identical protein
that is conserved among mice, bovine, and human beings,
suggesting its functional importance (3,5,6). The mimecan
gene encodes a 34 kDa full-length protein which has been
named mimecan. However, a 12-kDa mature protein
corresponding to the 105 carboxyl-terminal amino acids of
mimecan has been isolated from bovine bone (1,3,5); whilst a
25-kDa keratan sulfate glycoprotein corresponding to the 223
carboxyl-terminal amino acids of mimecan has been isolated
from bovine cornea (3,7,8). Up to now, the physiological
function of mimecan has not been fully elucidated. Initial
studies showed that mimecan could induce ectopic bone
formation and subcutaneous implantation of mimecan plus
transforming growth factor ß (TGF-ß) type 1 or 2 into rats
induced the bone formation at the implantation site (9).
However, further study showed that co-purifying bone
morphogenic proteins in mimecan preparation were the
sources of the growth stimulatory activity (3). Interestingly,
the tumor suppressor protein p53 could activate transcription
of bovine and human mimecan genes (10-12). Furthermore,
human mimecan mRNA was absent or at low levels in a
majority of cancer cell lines and tumors, where p53 was
frequently inactivated/mutated (10-12).

In our recent study, we found that mimecan mRNA was
present in a limited number of mouse (10) and human tissues.
In mouse, mimecan was found most abundant in the lung
tissue, whereas in human tissues it was found most abundant
in the ovary, and less abundant in lung, adrenal gland,
esophagus and heart by using Northern blot analysis.
Moreover, the mimecan was expressed strongly in the
epithelial cells of the bronchial wall, and weaker in the
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epithelial cells of the alveolar sacs in mouse and human by
in situ hybridization and immunohistochemical analysis.
Therefore, it is tempting to presume that the secretive
protein mimecan may be useful as a biomarker to play a role
in the differential diagnosis of lung cancers. To address this
issue, the mimecan expression in different histological types of
lung cancers was detected by using immunohistochemical
analysis. Our results suggested that mimecan could act as a
biomarker to play a role in identifying different histological
types of lung cancers.

Materials and methods

Northern blot analysis. Northern blot analysis was performed
using non-isotopic DIG Northern starter kit (Roche) according
to the manufacturer's protocol. Target fragments, human
mimecan and GAPDH, were cloned into PGEM-T easy vector
and confirmed by restriction enzyme digestion and sequence
analysis. DIG-labeled probes were generated by transcription
with SP6/T7 RNA polymerase using DIG RNA labeling kit.
The human tissue specimens were obtained during surgery for
clinical indications. This study was conducted according to
the Institutional and Ethical rules concerning research on tissue
specimens and was exempted from informed consent from the
patients. Immediately after surgery, different tissues were cut
into fragments of ~1 cm3 each and frozen in liquid nitrogen.
Total RNA from frozen tissues was prepared by TRIzol
Reagent (Invitrogen). The RNA content was estimated by
spectrophotometry. Ten micrograms per lane were electro-
phoresed on a 1.2% agarose-formaldehyde denaturing gel
and were transferred by capillary blotting to positively-charged
nylon membranes (Roche). The membrane was then baked at
80˚C for 2 h. Hybridization was performed at 68˚C with
agitation overnight. The membrane was washed twice with
2X SSC and 0.1% SDS for 5 min at room temperature and
twice with 0.1X SSC and 0.1% SDS for 15 min at 68˚C. The
membrane was washed and blocked and then incubated with
anti-DIG serum/alkaline phosphatase conjugate. CDP-star
was used as the chemiluminescence substrate. Signals were
visualized on X-ray film.

In situ hybridization. The RNA probes were labeled by using
the DIG RNA labeling kit (SP6/T7) (Roche). Mouse lung
was obtained after they were sacrificed and human fetal lung
was obtained from a 6-month dead fetus of natural abortion.
The lung tissues were resected from these samples and put into
4% paraformaldehyde for fixing. Serial frozen sections (5 μm)
were generated from the normal lung tissues of mouse and
fetus. These sections were first fixed in 4% paraformaldehyde
and digested in 1 μg/ml protein kinase buffer; after pre-
hybridization the sections were incubated with hybridization
solution containing 0.5 ng/μl probe in a humidified chamber
overnight at 68˚C. The posthybridization slides were washed
twice with 2X SSCT/50% formamide at 68˚C and once with
2X SSCT, 0.2X SSCT at room temperature and then incubated
with anti-DIG-AP Fab diluted 1:1000 in blocking solution.
After being washed in MABT, they were incubated with
staining buffer in a humidified chamber. To terminate the
reaction, samples were rinsed several times with nuclease-free
water and were visualized by light microscopy.

Patients and tissue samples. Normal adult lung tissue was
obtained from a patient with lung cancer during surgery. First,
primary lung tumor samples from 106 non-small cell lung
cancers (NSCLCs) and 56 small cell lung cancers (SCLCs)
were obtained by surgical resection and bronchoscopic biopsy,
between 2001 and 2004 at the Department of Pathology,
First Hospital affiliated to Beng Bu Medical College. Of the
106 NSCLCs, 77 were squamous, 25 were adenocarcinomas,
4 were large cell lung cancers. All hematoxylin-eosin-stained
slides of the tissue samples were reviewed and the pathological
diagnosis of the histological grades and types were confirmed
by a pathologist. Histological typing was performed according
to the World Health Organization diagnostic criteria for lung
carcinomas (2004). Furthermore, the archival surgical histo-
pathological materials of these cases were examined and
appropriate tissue blocks selected for sectioning and staining.

Immunohistochemical analysis. Sections of formalin-fixed,
paraffin-embedded lung tissue specimens (thickness of 5 μm)
were rehydrated and after antigen retrieval by microwave
treatment, they were immunostained with mimecan polyclonal
antibody (1:1000 dilution), which was generated in our
laboratory by immunizing rabbits with GST-mimecan fusion
protein corresponding to the 105 most carboxyl-terminal amino
acids of mimecan (13). Immunostaining was visualized with
EnVision+ system (Dako, CA), followed by nuclear counter-
staining with Gill's hematoxylin (Thermo-Shandon, PA). The
preimmune rabbit (1:1000 dilution) serum was used as a
negative control in adjacent sections.

Statistical analysis. Statistic analysis was performed with
Chi-square test (¯2 test). P-values <0.05 were considered
statistically significant.

Results

Mimecan expression in normal lung tissue. In our recent study,
we found that mimecan mRNA was present in a limited
number of mouse tissues (13). Among these tissues mimecan
was most abundant in lung and adrenal gland and less
abundant in the pituitary and heart (13). However, in human
tissues, the mimecan mRNA was most abundant in the ovary.
Less abundant of the mimecan mRNA in lung tissue was also
detected, which was relatively higher than those in adrenal
gland, esophagus and heart by using Northern blot analysis
(Fig. 1). The mimecan mRNA expressed in mouse and human
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Figure 1. Mimecan gene expression in human tissues by Northern blot
analysis. Total RNA (10 μg) extracted from a variety of human tissues was
separated by electrophoresis and transferred to nylon membranes and mRNA
for the mimecan gene was detected by hybridization with DIG-labeled RNA
probes as described in Materials and methods. mRNA transcripts of mimecan
were detected in the adrenal gland, heart, esophagus, ovary and lung.
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lung tissues were confirmed by in situ hybridization. As
shown in Fig. 2, mimecan mRNA was detected in the wall of
bronchial and respiratory bronchioles of mouse and human
fetus lung tissues with the anti-sense probe (Fig. 2A and C),
while no signals were detected in these regions with the sense
probe (Fig. 2B and D). Furthermore, the mimecan expression
in the mouse (Fig. 2E and F) and human fetal lung tissues
(Fig. 2G and H) was investigated by using immunohisto-
chemical analysis. As shown in Fig. 2, in normal lung tissues,
cytoplasmic staining of mimecan was observed in the epithelial
cells of the bronchial wall, alveolar sacs and respiratory
bronchioles at various intensities. The epithelial cells of the
bronchial wall were strongly reactive to mimecan protein,
whereas, the staining intensity was weaker in the epithelial cells
of the alveolar sacs. However, no other cells, including smooth
muscle cells, interstitial cells, endothelial cells, fibroblasts, or
infiltrating inflammatory cells, were detected immunoreactive
with mimecan antibody (Fig. 2E-J). These results indicated
that mimecan was mainly expressed in epithelial cells of the
lung and therefore, could be used as a molecular marker in
differentiating for neoplasms arising from this type of cell.

Mimecan protein expression in different histological types of
lung cancers. To further evaluate the significance of
mimecan in discriminating histological types of lung cancers,
the mimecan protein expressed in 162 patients with different
histological types of lung cancers was investigated by using
immunohistochemical analysis. Data on mimecan immuno-
reactivity in lung tumors are summarized in Table I. Overall,
mimecan immunoreactivity was found in 103 (97.2%) of 106
NSCLCs, including 76 (98.7%) of 77 squamous cell
carcinomas (SCC), 23 (92%) of 25 adenocarcinomas (ADC)
and 4 (100%) of 4 large cell lung cancers (LCLC) (Table I,
Fig. 3). However, the majority of cases with SCLCs (50/56,
89.3%) showed negative immunoreactivity to mimecan
polyclonal antibody (Table I, Fig. 3). A significant difference
in mimecan immunoreactivity was found between the two
groups: SCLC and NSCLC (P<0.00001). When we compared
mimecan expression in SCLC with that in SCC or adeno-
carcinoma, the difference remained significant, with both at
P-values of <0.00001.
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Figure 2. Mimecan expression in mice and human fetal lung tissues by in situ hybridization and immunohistochemical assay. Lung sections were hybridized with
DIG-labeled probes. (A and C) Hybridization with antisense probes in mice and fetal lung tissues. Positive signals by the antisense probe were mainly detected in
the wall of bronchial and respiratory bronchioles of the mouse and human fetal lung tissues. (B and D) Hybridization with sense probes as negative controls. No
hybridization signals were detected in those regions by using the sense probes; (E, G and I) Immunolocalization of mimecan in mouse, fetus and adult lung tissue.
Lung sections were stained with rabbit antimimecan antiserum (1:1000 dilution, the antibody was produced in our laboratory). Brownish diaminobenzidine
precipitates were mainly located in the epithelial cells of the bronchial wall, alveolar sacs and respiratory bronchioles at various intensities; (F, H and J)
Adjacent sections were stained with pre-immune rabbit serum (1:1000 dilution) as a negative control. Original magnification x40 (A, B, E, F, I and J), x20 (C, D,
G and H).

Table I. The results of mimecan expression in lung tissues in the patients with non-small cell lung cancer and small cell lung
cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Negative Positive
––––––––––––––––––––––––– –––––––––––––––––––––––––

Histological types Number Percent (%) Number Percent (%) Total
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NSCLC
SCC 1 1.3 76 98.7 77
ADC 2 8.0 23 92.0 25
LCLC 0 0.0 4 100.0 4

NSCLC
Subtotal 3 2.8 103 97.2 106
SCLC 50 89.3 6 10.7 56

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Discussion

According to different morphological features, lung cancers
could be divided mainly into two categories: SCLC and
NSCLC, which treated differently and have different prognosis.
SCLC account for ~20% of new cases of lung cancer. SCLC is
also an aggressive neoplasm of rapid growth, often presenting
with metastases in regional lymph nodes or distant organs at
the time of diagnosis, but with high sensitivity to chemotherapy
and radiotherapy (14). NSCLC comprise three major
histological subtypes, namely lung adenocarcinoma (LADC),
lung squamous cell cancer (SCC) and large cell lung cancer
(LCLC) for which surgery is the only chance for cure (14).
The correct diagnosis of SCLC or NSCLC is very important
for prognostic and therapeutic reasons, due to their different
behaviors. Differentiation between SCLC and NSCLC mainly
depend on the histology. However, even an experienced
pathologist may have difficulty in making correct diagnosis in
some lung cancers, such as poorly differentiated lung cancer
and SCLC. In this situation, tumor markers may serve as a
useful alternative diagnostic method. Many studies have shown
that expression of different biomarkers are frequent in various
histological types of lung cancers and many authors have
considered the presence of these markers in serum as an index
of extension of disease, prognosis and response to therapy
(15). Some tumor markers have been extensively studied in
lung cancer, such as carcinoembryonic antigen (CEA), SCC
and cytokeratins CYFRA-21.1 are studied most extensively
in non-small cell lung cancer (NSCLC) and neuron-specific
enolase (NSE), ProGRP and chromogranin A in small cell
lung cancer (SCLC) (16-20). However, application of these
markers in diagnosis of lung cancers and in differentiating the
histological types of the tumors has not been satisfactory, even
though a relationship with clinical relevance has been found
for the NSE and ProGRP markers in SCLC (18,19) and the
CYFRA 21-1 marker, on the other hand, has been useful only
in follow-up of NSCLC of the squamous subtype (21). In

previous years, CD56 has become the antibody of choice in
many laboratories because the sensitivities for other antibodies
in small cell lung carcinoma vary, and comparative studies
suggest that CD56 is the most sensitive in these markers for
different diagnosing the SCLC from NSCLC (22,23). In a
previous study, Kaufmann et al reported that the monoclonal
antibody 123C3 for CD56 showed diffusely stained in most
small cell carcinomas with a strong membranous pattern
(sensitivity: 0.99). The other neuroendocrine markers had a
combined sensitivity of only 0.44 for small cell carcinomas.
However, only 7 of 93 NSCLC (7.5%) showed positive
immunoreactivity for CD56 monoclonal antibody (24).
Notably, in contrast to the marker of CD56, we first
described that the secreted protein mimecan was expressed
in NSCLC tissues in the present study. The mimecan
immunoreactivity was found in 103 (97.2%) of 106 NSCLCs,
including 76 (98.7%) of 77 squamous cell carcinomas
(SCC), 23 (92%) of 25 adenocarcinomas (ADC) and 4 (100%)
of 4 large cell lung cancers, whereas, only a few cases of
SCLC (6/56, 10.7%) showed positivity for mimecan protein
(Table I, Fig. 3). A significant difference in mimecan
immunoreactivity was found between the two groups:
SCLC and NSCLC (P<0.00001). These data suggest that
mimecan might be useful for the immunohistochemical
differentiation of NSCLC from small cell lung carcinoma
on paraffin sections, especially in some conditions, which
poorly differentiated lung cancers of NSCLC might be
misinterpreted as SCLC. As a rule, mimecan immuno-
staining can be used as an ancillary diagnostic method in
the differential diagnosis between NSCLC and SCLC.
However, due to the expression patterns of these two
biomarkers were mutually exclusive in human different
histological types of lung cancers, it is intriguing to
evaluate the values of mimecan compared with other
widely used biomarkers such as CD56 in identifying
different histological types of lung cancers in further
studies.
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Figure 3. Mimecan protein expression in the tissues of patients with NSCLC or SCLC by using an immunohistochemical assay. Lung cancer sections were
immunostained with rabbit polyclonal antibody of mimecan (1000-fold dilution). Brownish diaminobenzidine precipitates were the result of a positive reaction of
mimecan. The preimmune rabbit serum (1000-fold dilution) was used as a negative control in adjacent sections. (A-C) Well and poorly differentiated lung
squamous carcinomas with high expression of mimecan (A and B) or without mimecan expression (C); (D and E) Well and poorly differentiated lung
adenocarcinomas with high expression of mimecan; (F and G) Large cell and clear cell lung cancers; (H) Small cell lung cancer without mimecan expression.
Almost all the NSCLC expressed mimecan protein. Original magnification, x40.
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