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Correlation of MMP-9 and p53 protein expression with
prognosis in metastatic spinal tumor of lung cancer
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Abstract. The aim of the study was to compare the protein
expression of MMP-9 and p53 and examine their correlation
with prognosis in lung cancer metastatic spinal tumor. Tissue
samples were obtained from 30 cases of para-cancerous
tissue (group I), 75 cases of non-metastatic lung cancer
tissue (group II) and 100 cases of metastatic spinal tumor
tissue of lung cancer (group III). The protein expression of
MMP-9 and p53 was detected by immunohistochemistry and
was present in all three groups. The positive rate for MMP-9
was 20, 67 and 83%, respectively. There was a significant
difference among the three groups (p<0.05). The positive
rate for p53 was 16.7, 78.7 and 92%, respectively. There was a
highly significant difference among the three groups (p<0.01).
There was a positive correlation between the protein expres-
sions of MMP-9 and p53 (Spearman's correlation coefficient
r=0.351, p<0.05). The positive or negative expression of the
two proteins was statistically significant (p<0.05) for 5-year
survival. The expression of MMP-9 and p53 proteins in
metastatic spinal tumors of lung cancer showed increasing
trends, and the expression of MMP-9 and p53 proteins was
significantly higher compared to non-metastatic lung cancer
tissue and para-cancerous tissue samples. This likely was
associated with the invasion and metastasis of lung cancer to
the spine. Survival analysis suggested that the overexpression
of p53 and MMP-9 were correlated with poor prognosis.

Introduction

It has been reported that spinal tumor cases account for 5%
of all primary bone tumors. They are divided into primary
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and metastatic based on tumor origin, with the latter being
more common. The primary lesion of metastatic spinal
tumor is usually derived from lung, breast and prostate
cancer (1-3). Matrix metalloproteinases (MMPs), a proteolytic
enzyme family, are involved in the degradation of extracel-
lular matrix (ECM) and promote the metastasis of tumor
cells to various peripheral tissues. Most published studies
have reported that p53 gene mutation is associated with the
formation and development of many human tumors, and its
abnormal expression leads to abnormal cell proliferation and
causes tumor formation and development (4-8).

Due to the particularity of the spinal tumor anatomical
location, spinal tumor tissue invasion and metastasis directly
damage the patient's vertebral and paraspinal tissue structure,
causing neurological dysfunction in cancer patients. Recent
studies have shown that the p53 and MMP-9 proteins are
associated with the occurrence, development and invasion of
tumor cells (5,6).

The aim of this study was to investigate whether the
expression of p53 and MMP-9 proteins was associated with
metastatic spinal tumor of lung cancer and examine its effect
on patient prognosis. This study provides new ideas for the
prevention of tumor cell metastasis in the human body.

Materials and methods

Materials
Experimental materials. In total, 100 tissue samples were
obtained from metastatic spinal tumor tissue of lung cancer,
75 samples were obtained from non-metastatic lung cancer
tissue and 30 cases were obtained from para-cancerous tissue.
All the samples were pathologically diagnosed and all tissues
were paraffin-embedded and sectioned continuously (4 xm).
Main reagents. Rabbit anti-human MMP-9 monoclonal
antibody (Beijing Dingguo Changsheng Biotechnology
Co. Ltd., Beijing, China), rabbit anti-human p53 monoclonal
antibody (BD Biosciences, Franklin Lakes, NJ, USA), DAB
chromogenic agent (Shanghai Haoran Biotechnology Co., Ltd.,
Shanghai, China), citrate buffer powder (Shanghai Haoran
Biotechnology Co., Ltd.), hematoxylin (Shanghai Rongbai
Biological Technology Co., Ltd., Shanghai, China) and eosin
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Table I. Tissue MMP-9 protein expression.
MMP-9 protein

Groups Samples + - Positive rate (%) x> P-value
Para-cancerous tissue (I) 30 6 24 20 29.35 <0.05
Non-metastatic lung 75 50 25 674¢
cancer tissue (II)
Lung cancer metastatic 100 83 17 83°

spinal tumor tissue (III)

Pairwise comparison of positive rate among groups: *Compared with group (I) ’=13.65, p<0.05; *compared with group (II) ¥’=5.34, p<0.05;
ccompared with group (III) x*=35.27, p<0.05. MMP-9, matrix metalloproteinase-9.

(Shanghai Rongbai Biotechnology Co., Ltd.) were used for
immunohistochemistry.

Experimental methods
Hematoxylin and eosin (H&E) staining. Paraffin-embedded
tissue sections were deparaffinized and washed with ethanol.
The sections were thoroughly hydrated and stained with hema-
toxylin for 10 min and then washed with H,O. The sections
were differentiated with 1% hydrochloric acid alcohol for
3 sec, washed and then placed in saturated lithium carbonate
for 3 sec until a blue color was observed. After the sections
were rinsed with running water for 20 min, they were dipped
in 1% alcohol soluble eosin for 10 sec followed by routine
dehydration, transparency and mounting.
Immunohistochemical staining. Immunohistochemical
staining was used in this study using the following protocol:
i) Paraffin-embedded tissue sections were heated at 60°C for
2 h and then deparaffinized and rehydrated with ethanol; ii) for
antigen retrieval, the sections were inserted into an iron frame
and placed in a tin box full of citric acid. The tin box was heated
until the citric acid solution reached boiling point, the voltage
was lowered to maintain a rolling boil for 7 min, and then the
solution was allowed to cool; iii) one drop of H,O, solution was
added and then washed out after 10 min; iv) sections were incu-
bated with serum for 10 min; v) sections were incubated with
primary antibody for 10 min and then washed with water 3 times;
vi) sections were incubated with secondary antibody for 10 min
and then washed 3 times; vii) streptomycin-biotin-peroxidase
was added to the sections and washed 3 times after a 10 min
incubation; viii) fresh DAB was added to sections, which were
placed in a dark room; and ix) sections were washed, counter-
stained, mounted and observed.

Evaluation of experimental results. One hundred cells were
counted in a randomly selected visual field, with the average
number of cells in the visual field calculated as the number
of positive cells expressing the corresponding protein within
the tissue. For the coloring score scale, 0-2 points represented
no coloring, weak coloring and strong coloring, respectively.
The positive rate of stained cells and scores: 1-4 points repre-
sented the percentage of positive cells 1-25, 26-50, 51-75 and
76-100%, respectively. The two scores were multiplied, with a
final score of 1-2 points indicating a negative expression and a
score of 3-8 points indicating a positive expression.

Statistical analysis. Data were analyzed with SPSS 17.0
(Beijing Xinmei Jiahong Technology Co.,Ltd., Beijing, China).
The differences in the positive rate between groups were
analyzed with a y* test. The Spearman test was used to analyze
the correlation between two proteins. GraphPad Prism 5 was
used to analyze the survival rate. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of MMP-9 protein. The results showed that
MMP-9 protein was almost absent in para-cancerous tissue
and present in non-metastatic lung cancer tissue. By contrast,
there was a large amount of MMP-9 protein expressed in
metastatic spinal tumor tissue (Fig. 1).

The positive rate of MMP-9 protein was 20% in 6 of the
30 para-cancerous tissue samples. Fifty of the 75 non-metastatic
lung cancer tissue samples expressed MMP-9 protein (positive
rate 67%). In 100 lung cancer metastatic spinal tumor tissue
samples, 83 showed positive staining for MMP-9 protein.

The positive rates for MMP-9 protein expression in meta-
static spinal tumor tissue and non-metastatic lung cancer tissue
were significantly higher than that in para-cancerous tissue and
the difference was statistically significant (p<0.05) (Table I).

Expression of p53 protein. The results showed that p53 protein
was expressed in para-cancerous tissue and this expression
was increased in non-metastatic lung cancer tissue. In contrast,
there was a large amount of p53 protein expressed in meta-
static spinal tumor tissue (Fig. 2).

The positive rate for pS3 protein was 16.7%, with 5 posi-
tives out of 30 para-cancerous tissue samples. Fifty-nine of
the 75 non-metastatic lung cancer tissue samples expressed
the p53 protein (positive rate 78.7%). Of 100 lung cancer
metastatic spinal tumor tissue samples, 92 were positive for
p53 protein expression.

The positive expression rate for p53 protein in metastatic
spine tumor tissue and non-metastatic lung cancer tissue was
significantly higher than that in para-cancerous tissue. The
positive expression rate between groups was compared and
difference was statistically significant (p<0.01) (Table II).

Correlation of MMP-9 and p53 protein expression levels
in metastatic spinal tumor of lung cancer. There were
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Figure 1. Expression of MMP-9 protein in the three experimental groups (from left to right: para-cancerous tissue, non-metastatic lung cancer tissue and lung
cancer metastatic spinal tumor tissue). Samples obtained from para-cancerous tissue, non-metastatic lung cancer and lung cancer metastatic spinal tumor tissue
were stained using H&E staining method. MMP-9 protein was almost absent in para-cancerous tissue, but present in non-metastatic lung cancer tissue and
abundantly expressed in metastatic spinal tumor tissue. MMP-9, matrix metalloproteinase-9.

Figure 2. H&E staining of p53 protein in the three experimental groups (from left to right: para-cancerous tissue, non-metastatic lung cancer tissue and lung
cancer metastatic spinal tumor tissue). Samples obtained from para-cancerous tissue, non-metastatic lung cancer tissue and lung cancer metastatic spinal tumor
tissue were stained using H&E staining method. There was p53 protein expression in para-cancerous tissue, increased expression in non-metastatic lung cancer
tissues and abundant expression in metastatic spinal tumor tissue.
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Figure 3. Patient survival curves for MMP-9 and p53 protein expression positive and negative groups. (A) The survival rate of patients with negative pS3 protein
expression was significantly higher than that of patients with a positive p53 expression (%*=9.826, p<0.01). (B) The survival rate of patients with a negative
MMP-9 protein expression was higher than that of MMP-9 protein-positive patients (y*=4.436, p<0.05). MMP-9, matrix metalloproteinase-9.

92 lung cancer metastatic tumor samples presenting posi-  Association of MMP-9 and p53 protein expression with meta-
tive p53 expression. Of these, 80 showed a positive expression  static spinal tumor of lung cancer patient prognosis. Survival
of MMP-9 protein (double positive rate, 87%). The expression  rates in patients with a positive or negative p53 expression were
of the two proteins showed a positive correlation (Spearman  compared during follow-up and analyzed using statistical soft-
correlation coefficient r =0.351, p<0.05) (Table III). ware. The results showed that the survival rate of patients with
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Table II. p53 protein expression in three tissue sample groups.
p53 protein

Groups Samples + - Positive rate (%) ¥ P-value
Para-cancerous tissue (I) 30 5 25 16.7 34.28 <0.01
Non-metastatic lung 75 59 13 78.7%¢
cancer tissue (II)
Lung cancer metastatic 100 92 8 92°

spinal tumor tissue (III)

Pairwise comparison of positive rate among groups: *Compared with group (I) ¥’=13.65, p<0.05; *compared with group (II) ¥’=5.34, p<0.05;

ccompared with group (III) ¥*=35.27, p<0.05.

Table III. Correlation of MMP-9 and p53 protein expression in
lung cancer metastatic spinal tumor tissues.

p53
B r
MMP-9 + - Sum (Spearman) P-value
+ 80 3 83 0.351 0.028
- 12 5 17
Sum 92 8 100

MMP-9, matrix metalloproteinase-9.

negative p53 expression was higher than that of patients with a
positive expression of p53 protein (x*=9.826, p<0.01) (Fig. 3A).
Similarly, the survival rate of patients with negative expression
of MMP-9 protein was higher than that of patients with posi-
tive MMP-9 expression (x*=4.436, p<0.05) (Fig. 3B).

Discussion

The spine is the most common bone metastatic site for human
tumor cells, with 60-85% of cancer patients showing symp-
toms of bone metastases. During the bone metastasis process,
many changes in gene and protein expression occur. For
instance, MMP-9 and p53 are two cancer-related genes which
likely play important roles in tumor metastasis (9-13), but their
interactions need to be further elucidated.

In tumor cells, MMP-9 is usually produced in the
form of zymogen. Its main function is to degrade type-IV
and -V collagen in the ECM, thus aiding tumor cell metas-
tasis, improving capillary endothelial cell regeneration and
neovascularization, and promoting tumor cell in vivo occur-
rence and development.

At present, it has been found that p53 gene is the most
closely related gene in tumorigenesis and development, and
encodes p53 protein. Kornblum et al (14) found that p53 gene
mutations are the most significant genetic change during lung
cancer and play a crucial role in the occurrence and develop-
ment of lung cancer. At the same time, it was also found that
tumors with p53 gene abnormalities presented the strongest
invasiveness and poorest prognosis.

Immunohistochemical staining was used in this study, with
the results showing MMP-9 protein positive expression rate
of 20% in para-cancerous tissue, 67% in non-metastatic lung
cancer tissue and 83% in metastatic spinal tumor tissue of lung
cancer (p<0.05). Therefore, MMP-9 protein expression can be
used as an indicator for predicting the degree of malignancy
and prognosis.

The positive or negative expression of MMP-9 and p53
proteins was statistically significant during the survival
time (p<0.05). The positive expression rate of pS3 was 16.7%
in para-cancerous tissue, 78.7% in non-metastatic lung
cancer tissue and 92% in metastatic tumor tissue of lung
cancer (p<0.01). There was a positive correlation between the
expression of MMP-9 and p53 proteins (p<0.05), suggesting
that the two proteins likely played a synergistic role in the
development and progression of lung cancer metastatic spinal
tumor, with the oncogene p53 (wild-type) likely regulating the
expression of MMP-9 through negative feedback.

It has been reported widely (15-18) that the p53 protein
was expressed in a number of tumor cells. Previous evidence
suggested (19) that the p53 protein had no correlation with
the age and survival of patients, and that it was impossible to
confirm a correlation between p53 protein expression and prog-
nosis. It has also been suggested indicated that an enhanced
MMP-9 protein expression had a clear positive correlation
with the growth, development and metastasis of breast cancer,
non-small cell lung cancer, and pancreatic cancer (1,5,20). One
of the conclusions of this study further supports the point of
view that the expression of this protein in lung cancer meta-
static spinal tumor may also have a corresponding function.

In the present study, MMP-9 and p53 protein expression
were positively correlated. In addition, the positive or negative
expression of MMP-9 correlated with 5-year survival. Further
studies regarding the correlation between MMP-9 and p53
expression in tumor cells will be useful to clarify the develop-
ment and treatment of metastatic spinal tumor in lung cancer.
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