
Abstract. Background: Matrix metalloproteinase (MMP)-
mediated degradation of the extracellular matrix is a key point
in tumor development and expansion. MMP-10 is one of the
most important and well-characterized members of the MMP
family. In the present study, we examined MMP-10 mRNA
and protein levels in non-small cell lung cancer (NSCLC).
Patients and Methods: Three endogenous reference genes
including GAPDH, ‚-actin and 18S rRNA, and MMP-10
mRNA levels were determined using real-time RT-PCR.
Immunohistochemical staining was applied to examine MMP-
10 protein levels. Both tumor and adjacent normal lung
tissues were collected from 32 NSCLC patients. The mRNA
levels of GAPDH, ‚-actin and 18S rRNA exhibited great
differences in tumor tissues and in the adjacent normal
tissues. The ratio of mRNA levels in the tumor tissues
compared to the adjacent normal tissues followed the pattern
GAPDH > ‚-actin > 18S rRNA. Thereafter, we chose 18S
rRNA as the reference gene for MMP-10 mRNA level
determinations. MMP-10 mRNA levels in tumor tissues were
significantly lower than those in the adjacent normal tissues
(p=0.0423). However, the MMP-10 protein levels were higher
in the tumor tissues than in the adjacent normal tissues
(p=0.0055). The MMP-10 mRNA level was positively-
correlated to the MMP-10 protein level in tumor tissues
(r=0.4672, p=0.0161), but this correlation was not seen in
the adjacent normal tissues (r=–0.0030, p=0.9891).
Conclusion: There were no statistical differences in MMP-10
mRNA levels and protein levels in relation to patient’s gender,
age, tumor stages, tumor size, lymph node metastasis or tumor
histological type. 

Lung cancer, classified into two groups: non-small cell lung
cancer (NSCLC) and small cell lung cancer, is a leading
cause of cancer deaths worldwide (1). The incidence and
mortality of lung cancer have being rising among malignant
diseases in recent decades, and its pathogenesis remains
highly elusive due to its aggressive nature and considerable
heterogeneity compared to other cancer. Metastasis is one
of the most important factors determining a patient’s
prognosis. An initial step of the metastasis processes
involves degradation of different components of the
extracellular matrix and requires the action of proteolytic
enzymes, such as serine-, cysteinyl- and aspartyl-proteinases,
as well as matrix metalloproteinases (MMPs). The MMP
family consists of 25 secreted or transmembrane proteins
that are able to degrade the extracellular matrix (ECM) and
the components of basement membranes. Compared to
other MMPs, MMP-10 has a relatively broad substrate
specificity. It has been demonstrated that MMP-10 was
overexpressed in several human tumors of epithelial origin,
including gastric cancer (2), esophageal carcinoma (3), skin
carcinoma (4), bladder transitional cell carcinoma (5),
determined using the immunohistochemical staining or
microarray techniques. In the present study, we investigated
both MMP-10 mRNA levels and protein levels in NSCLC
tumor tissues and in adjacent normal lung tissues with real-
time RT-PCR and immunohistochemistry, respectively. As
some house-keeping genes are expressed differently in
tumor tissues and in normal tissues, in the present study we
chose three genes, GAPDH, ‚-actin and 18S rRNA, as
reference genes and examined their mRNA levels in tumor
and adjacent normal tissues.

Patients and Methods

Patients and tissue samples. Tumor tissues and their adjacent
normal lung tissues were collected from 32 NSCLC patients who
underwent surgical pulmonary resection during October 2005 and
March 2006 at the Third Affiliated Hospital of Suzhou University,
China. This study was approved by the local ethics committee and
all patients gave informed consent. All cases were histologically
classified as NSCLC (adenocarcinoma or squamous cell carcinoma)
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without having undergone chemotherapy or radiotherapy before
operation. Immediately after resection, both tumor and its adjacent
normal tissue were snap-frozen and stored in liquid nitrogen until
use. Tumor histological examinations and cancer stages were
classified according to the WHO classification and cancer staging
system of the International Union Against Cancer (6), respectively.
Clinical data of patients are listed in Table I.

Total RNA extraction and real-time RT-PCR. Total RNA was extracted
from tissues using a total RNA purification kit (Shenergy Biocolor
BioScience and Technology Company, Shanghai, China) according
to the manufacturer’s instructions. The purity and concentration of
total RNA were measured by spectrophotometry. Using the first
strand cDNA synthetic kit (Fermantas, Vilnius, Lithuania) according
to the manufacturer’s instructions, 2 Ìg total RNA was reverse-
transcribed to cDNA. cDNA standards were amplified by
conventional PCR consisting of: initial denaturation at 95ÆC for 3
min, followed by 40 cycles at 95ÆC for 15 sec and 60ÆC for 45 sec.
The PCR product was purified by agarose gel electrophoresis and the
DNA standards were extracted using the EZ-10 spin column DNA
gel extraction kit (Sangon Biological Engineer Technology and
Services Limited Corporation, Shanghai, China). The Mol
concentration of standards were calculated according to the equation:
number of molecules (copies/Ìl) = [concentration (Ìg/Ìl)/(product
length (bps) x 324.5 x2)] x10–9 x 6.02x1023. The primers and probes
of 18S rRNA, GAPDH, ‚-actin and MMP-10 were designed
according to NCBI gene references: M10098, NM_002046, E01095,
NM_002425, using the Primer Primier 5.0 software (sequences shown
in Table II). All PCRs were performed in the LightCycler (Roche,
Switzerland) using a final volume of 25 Ìl. Optimum conditions were
obtained with 2.5 Ìl of 10 xPCR buffer, 1.5 Ìl of 25 mM MgCl2, 0.5 Ìl
of 10 mM 4 xdNTPs, 0.25 Ìl of 5 U/Ìl common Taq DNA
polymerase, 0.1 Ìl of 100 ÌM specific sense primer(s), 0.1 Ìl of 100
ÌM specific antisense primer(s), 0.1 Ìl of 100 ÌM specific probe (s)
and 2 Ìl template cDNA. Finally, 17.95 Ìl ddH2O was added to the

reaction mixture. The cycling conditions for 18S rRNA, GAPDH and
MMP-10 were as follows: initial denaturation at 95ÆC for 3 min,
followed by 45 cycles at 95ÆC for 15 sec and 60ÆC for 45 sec,
collecting the fluorescence signal at 60ÆC. The cycling conditions for
‚-actin was as follows: initial denaturation at 95ÆC for 3 min, followed
by 45 cycles at 95ÆC for 5 sec and 55ÆC for 45 sec, collecting the
fluorescence signal at 55ÆC. The standard substances for each target
gene were performed using PCR with templates at the same time.
From each amplification plot, a threshold cycle (Ct) value (defined
as the number of PCR cycles where the fluorescence signal exceeded
the detection threshold value) was calculated, while the numbers of
molecules of the three genes in tumor and its adjacent normal lung
tissues were calculated. All samples were amplified in duplicate and
the average values were then exported to a Microsoft Excel for
further analysis. 
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Table I. Patient characteristics and expression of MMP-10 mRNA.

Clinical parameters Cases Relative mRNA level P
(Means±SD)

Gender
Male 24 0.0553±0.2388 0.8789
Female 8 0.0204±0.0360

Age (years)
≤60 15 0.0819±0.3022 0.3080
>60 17 0.0154±0.0295

Stage
I 18 0.0695±0.2757 0.8050
II+III 14 0.0172±0.0323

Tumor size
pT1 13 0.0114±0.0281 0.8780
pT2 19 0.0707±0.2678

Lymph node metastasis
Without 18 0.0695±0.2757 0.8050
With 14 0.0172±0.0323

Histological type
Adenocarcinoma 16 0.0128±0.0263 0.3758
Squamous cell carcinoma 16 0.0804±0.2922

Table II. Sequences of primers and probes.

Genes Sequence (5’-3’)

18S rRNA 
Forward primer cgttcagccacccgagatt
Reverse primer cacgctgagccagtcagtgtag
Probe FAM-caggtctgtgatgcccttagatgtcc-TAMRA

GAPDH 
Forward primer ggaaggtgaaggtcggagtc
Reverse primer cgttctcagccttgacggt
Probe FAM-tttggtcgtattgggcgcctg-TAMRA

‚-actin 
Forward primer gacttagttgcgttacaccctttc
Reverse primer gctgtcaccttcaccgttcc
Probe FAM- tgacaaaacctaacttgcgcagaaaaca-TAMRA

MMP-10 
Forward primer tgtacccactctacaactcattcaca
Reverse primer tga atgccattcacatcatcttg
Probe FAM-agctcgcccagttccgcctttc-TAMRA

Figure 1. Comparison of mRNA levels of GAPDH, ‚-actin and 18S-rRNA
in tumor tissue and in its adjacent normal tissue. The figure shows the ratio
of mRNA levels in tumor tissues (n=32) and adjacent normal tissues
(n=32). mRNA Mole concentrations of GAPDH, ‚-actin and 18S rRNA
were determined with real-time RT-PCR as described in the Material and
Methods. Data are means±SD. *p<0.05 compared to 18S rRNA.
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Figure 2. MMP-10 mRNA levels in tumor tissue and in adjacent normal
tissue. MMP-10 mRNA levels in tumor tissues and in the adjacent normal
tissues were determined with real-time RT-PCR and 18S-rRNA was used as a
reference gene. Data are means±SD (n=32). mRNA levels in the adjacent
tissues were considered as 100%. *p<0.05 compared to adjacent tissues.

Figure 3. MMP-10 protein levels in tumor tissue and in adjacent normal
tissue. MMP-10 protein levels in NSCLC tumor tissues and in its adjacent
normal tissues were determined by immunohistochemical staining. The
MMP-10 protein levels were graded from 0 to 3 according to the intensity
of positive staining. Data are means±SD (n=32). **p<0.01 compared to
adjacent tissues.

Figure 4. Immunohistochemical staining of MMP-10. MMP-10 was diffusely expressed in adenocarcinomas (panel A) and squamous cell carcinoma
(panel B). In normal tissues (panel C), MMP-10 was selectively stained in normal alveolar epithelial cells. Panel D is the negative control of normal
alveolar epithelial cells. Magnifications: panels A-C x200; and panel D x100.



Immunohistochemistry. Both tumor tissue sections and their adjacent
normal lung tissue sections (4-Ìm thick) from 32 patients were
subjected to immunohistochemical analyses. Sections were dewaxed
in xylene, rehydrated through graded ethanol solutions, rinsed in
PBS for 5 min and immersed in 3% hydrogen peroxide in methanol
for 15 min to block endogenous peroxidase activity. The slides were
then rinsed in PBS for 5 min, blocked with 5% BSA at room
temperature for 15 min, then incubated with primary monoclonal
antibody against MMP-10 (1:150 dilution, Boster Biotechnology
Limited Corporation, Wuhan, China) at 4ÆC overnight. PBS was
used as the negative control. The slides were then incubated with
HRP-labeled goat anti-rabbit secondary antibody (Maixin
Biotechnology Limited Corporation, Fuzhou, China). Diamino-
benzene was used as the chromogen and hematoxylin as the nuclear
counterstain. Cytoplasmic immunoreactivities were classified as a
continuum extending from the undetected level (0%) to diffused and
homogeneously strong staining (100%), then recategorized into a
three-tier grading system based on the percentage of tumor cells
staining positively in the entire tumor boundary (0: negative; 1:
minimal<5%; 2: moderately stained 6-50%; 3: markedly stained
>50%). The normal lung tissues were also scored accordingly.

Statistical analysis of real-time RT-PCR. Statistical analysis was
performed using the GraphPad Prism 4.0 software package
(GraphPad Software, Inc., San Diego, USA). Paired or unpaired
Student’s t-test, the Wilcoxon signed rank test or the Spearman’s
test were used according the nature of the data as mentioned in
the legend to tables or figures. A p-value less than 0.05 was
considered as statistical significance. 

Results

Expression of GAPDH, ‚-actin and 18S rRNA in tumor tissue
and its adjacent normal lung tissue. The ratios of mRNA
levels in the tumor tissue and in its adjacent normal tissue
(T/N) are shown in Figure 1, the differences found were
statistically significant. 18S rRNA exhibited less variation
than GAPDH and ‚-actin. A significant difference in the
T/N was found between 18S rRNA and GAPDH
(p=0.0172) while no significant difference was found
between 18S rRNA and ‚-actin (p=0.3236). 

MMP-10 mRNA and protein level in tumor tissue and its
adjacent normal lung tissue. The mRNA level of MMP-10 in
NSCLC tumor tissues was significantly lower than that in the
adjacent normal tissues (p=0.0423) (Figure 2). However,
MMP-10 protein levels as shown by IHC staining were more
intense in tumor tissues than in adjacent normal lung tissues
(p=0.0055) (Figure 3). Typical immunohistochemical staining
is shown in Figure 4. MMP-10 protein was primarily
expressed in the cytoplasm. As shown in Figure 4 MMP-10
protein was mainly expressed in tumor cells and it is also
faintly expressed in normal alveolar epithelial cells. As shown
in Table I, the ratio of MMP-10 mRNA levels in tumor
tissues and in the adjacent normal tissues was not correlated
to patient’s gender or age, tumor differentiation, tumor size,

lymph node metastasis or histological type. Moreover, the
MMP-10 mRNA expression was positive correlated to MMP-
10 protein expression in tumor tissue (r=0.4672, p=0.0161)
but exhibited no correlation in the corresponding normal
lung tissue (r=–0.0030, p=0.9891).

Discussion

The selection of an optimal endogenous reference gene that
is constantly expressed in different tissues is important for
mRNA transcription studies using real-time RT-PCR
analysis. House-keeping genes are usually used as reference
genes for this purpose. However, some house-keeping genes
are differentially expressed in tumor and normal tissues. It
has been demonstrated that that ‚-actin (7) and GAPDH (8-
11) vary considerably in some types of cancer, although there
is a study suggesting that GAPDH is a suitable reference
gene for real-time RT-PCR observation of the non-small cell
lung cancer (NSCLC) tissue samples (12). In general, the
reference genes should correlate to the RNA transcription
level of the respective gene and be constantly transcribed in
all cell types and tissues, and its RNA level should not be
regulated by internal or external influences, at least no more
than the general variation of mRNA synthesis. In the present
study, we selected three common house-keeping genes, i.e.
GAPDH, ‚-actin and 18S rRNA, as the reference genes. We
compared their mRNA levels in both tumor tissues and
adjacent normal tissues, which indicated that 18S rRNA
varied the least demonstrating that 18S rRNA was the most
suitable for our gene transcription analysis in NSCLC.
Thereafter we used 18S rRNA as the reference gene during
analysis of MMP-10 mRNA levels in the present study.

The MMPs are a family of zinc endopeptidases capable
of digesting the various ECM components and are the
primary matrix degrading proteases during the progression
of tumor invasion and metastasis. MMP-10, or called
stromelysin-2, is able to degrade type IV, V, IX and X
collagen, fibronectin, laminin, elastin, gelatin and
proteoglycan core proteins. In the present study, we
demonstrated that the MMP-10 mRNA level was lower in
tumor tissue than that in its adjacent normal lung tissue,
however, the MMP-10 protein level was higher in the tumor
tissue compared to its adjacent normal lung tissue, similar
to the studies reported by other groups (13, 14). The reason
for these different MMP-10 mRNA and protein levels is
unknown. A possible interpretation may be considered.
First, the MMP-10 mRNA in tumor tissue may be degraded
more quickly than that in the normal lung tissue. Secondly,
in normal tissues, the MMP-10 gene can be induced by
growth factors, cytokines and other environmental factors
such as contact with the ECM. The process from MMP-10
mRNA to MMP-10 protein can be regulated by many
factors through an inverse feedback mechanism in the
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normal lung tissue, which is important for physiological
requirements such as trauma repair (15). However, such an
inverse feedback mechanism may be blocked in tumor
tissue. Although the MMP-10 mRNA level in tumor tissues
was lower than in the adjacent normal lung tissue, its
protein level was positively correlated to the mRNA level,
which may indicate that MMP-10 protein synthesis is higher
in lung tumor tissue than in the adjacent normal lung tissue.  

Conclusion

18S rRNA, instead of GAPDH and ‚-actin, is an ideal
endogenous reference gene for gene expression profile
studies in NSCLC. MMP-10 mRNA levels were
significantly reduced, while MMP-10 protein levels were
significantly elevated in tumor tissues than in adjacent
normal tissues in NSCLC. This contradictive pattern of
MMP-10 mRNA level and protein level in tumor tissues of
NSCLC needs further investigation.
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