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ABSTRACT Present work studies the expressions of MMP-9 and PCNA in osteosarcoma patients and its correlation
with clinical stage. 53 specimens of osteosarcoma were surgically removed and 28 osteochondroma tissues were
used for immunohistochemical staining to detect the expression of proliferating cell nuclear antigen (PCNA) as
well as matrix metalloproteinase-9 (MMP-9). The expression rates of MMP-9, as well as PCNA, were 75.5
percent and 86.8 percent in osteosarcoma, while were 10.7 percent  and 7.5 percent in osteochondroma, respectively,
which was statistically significant (P<0.05). The expression levels of MMP-9, PCNA, and the total survival time
were connected with the Enneking stage. It shows an upward trend for the expression levels of PCNA and MMP-
9 in osteosarcoma tissues. The expression levels of MMP-9 and PCNA are related to the clinical stage, metastasis,
and prognosis.
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INTRODUCTION

Osteosarcoma is a primary tumor that occurs
in male adolescents. As a highly malignant tumor,
osteosarcoma often results in poor prognosis due
to its early metastasis, strong invasiveness, and
rapid growth (Benini et al. 2015; Cong et al. 2016).
According to data surveys, worldwide, the inci-
dence of osteosarcoma is as high as 4/105 per
year (Yaheng et al. 2014). Several markers were
identified in correlation to the prognosis of os-
teosarcoma, and numerous studies have proved
that Matrix metallopeptidase 9 (MMP-9), as well
as proliferating cell nuclear antigen (PCNA), are
widely expressed in malignant tumor tissues such
as gastric cancer and colorectal cancer (Yonemu-
ra et al. 2015; Cong et al. 2016). MMP-9 protein is
mostly expressed in the cytoplasm, and PCNA
protein is mainly expressed in the nucleus. It is
suggested that MMP-9 and PCNA are tumor fac-
tors, but there are few studies on the association
between MMP-9 and PCNA and osteosarcoma.
Although, numerous studies have already tested
the prognostic role of proliferating cell nuclear
antigen (PCNA) expression in patients with os-

teosarcoma with no consistent conclusion. Hence
the researchers found that these results are con-
tradictory and cannot be reliable for their signifi-
cance in expression for the prognosis of osteosa-
rcoma (Tang et al. 2017; Zhang et al. 2016). The
hypothesis of this study was that expression of
MMP-9 and PCNA protein might be associated
with a different stage of metastasis, and progno-
sis of osteosarcoma. Briefly, the researchers com-
pared the expression levels of PCNA and MMP-9
performing in osteosarcoma as well as osteochon-
droma, respectively, and the clinical features and
prognosis of osteosarcoma patients with differ-
ent expression levels to explore the relevance
between the expressions of PCNA and MMP-9 in
patients with osteosarcoma as well as its clinical
stage as well as prognosis.

Objectives

 The present study aimed to evaluate the ex-
pressions of MMP-9 and PCNA in osteosarcoma
patients and their correlation with the clinical
stage.

Experimental

Clinical Data

Approved by the ethics committee, 53 pa-
tients with osteosarcoma diagnosed by patho-
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logical biopsy from August 2011 to June 2013
were selected. The specimens of osteosarcoma
surgically removed were collected into the study
group, including 36 males and 17 females, who
aged 12-34 years old, were staged by the interna-
tional Enneking staging system, including 16 cas-
es in phase IIA, 10 cases in phase IIB, and 27
cases in phase III. Another 28 patients with os-
teochondroma were selected as the control group
which was diagnosed as osteochondroma
using x-ray results, including 19 males and 9 fe-
males, aged 10-33 years old. Osteosarcoma is a
malignant (cancerous) tumor of bone, while os-
teochondroma occurs in bones near joints usual-
ly a benign tumor.  Inclusion criteria selected pa-
tients with not yet accepting radiotherapy and
chemotherapy before the study; being followed
up regularly; voluntarily having signed informed
consent. Patients combined with severe cardio-
vascular and cerebrovascular diseases; severe
mental disorders; and metabolic diseases such as
diabetes without complete data, were excluded.

Main Reagents

Xylene (Shanghai Ziqi Biotechnology Co.,
Ltd.), sodium citrate solution (Shanghai Harling
Biotechnology Co., Ltd.), phosphate buffer
(Shanghai Yuanmu Biotechnology Co., Ltd.), 3%
hydrogen peroxide solution (Shanghai source
leaf) Biotechnology Co., Ltd., mouse anti-human
MMP-9 polyclonal antibody (Wuhan Elitet Bio-
technology Co., Ltd.), rabbit anti-human PCNA
polyclonal antibody (Wuhan Elitet Biotechnolo-
gy Co., Ltd.), sheep anti- Mouse IgG (Shanghai
Xinfan Biotechnology Co., Ltd.), goat anti-rabbit
IgG (Shanghai Xinfan Biotechnology Co., Ltd.),
SP kit (Beijing Bole Life Science Development Co.,
Ltd.), DAB chromogenic kit (Shanghai Yanhui
Biotechnology Co., Ltd.).

METHODOLOGY

The researchers employed Immunohisto-
chemical staining to explore the relative expres-
sions of MMP-9 and PCNA in the two groups.
The paraffin-embedded tissue was treated with a
tissue microtome, and the tissue was cut into 4 ìm
thick serial sections. Following the kit instruc-
tions, the researchers employed xylene, sodium
citrate solution, phosphate buffer, 3 percent hy-

drogen peroxide solution, and rabbit serum in turn
to dewax, antigen repair, rinse, catalase block, and
block the tissue sections. Mouse anti-human
MMP-9 polyclonal antibody, as well as the rabbit
anti-human PCNA polyclonal antibody of the first
antibody, were added dropwise for incubating over-
night, respectively, also, of the second antibody,
goat anti-rabbit IgG and goat anti-mouse IgG were
both added dropwise to incubate for 15 min, and
horseradish peroxidation was added dropwise. The
horseradish catalase-labeled streptavidin was add-
ed and was let to react for 15 min. The tissue sec-
tions were stained and counterstained with DAB
coloring solution and hematoxylin, followed by
dehydration, transparency, and sealing, with an
observation with a microscope.

Determination of Results

The process was observed and analyzed by two
pathologists with qualifications, respectively. Posi-
tive rate score of the tumor cell : zero stands for <
5%, 1 for 6% -25%, 2 for 26% -50%, 3 for 51 %-75%,
4 for 76%-100%; staining intensity score: 0 for tu-
mor cells without colors, 1 for light yellow, 2 for
brown, and 3 for tan. The two types of scores were
added together, and the final score of 0-4 was the
low expression and >4 was the high expression.

Observation Indicators

The expression situations of MMP-9 and
PCNA in osteochondroma as well as osteosarco-
ma, and the pathological parameters and progno-
sis of osteosarcoma patients with different ex-
pression levels of MMP-9 and PCNA.

Follow-up

Follow-up was performed by telephone and
hospital review. The first year after the study, the
patients were followed up after 1, 3, 6, and 12
months, and then once a year followed up to 48
months after the study or until death. Routine
consultations, physical examinations, chest ra-
diographs, and primary X-rays were performed at
each follow-up.

Statistical Processing

All the data of the experiment were investi-
gated taking advantage of the SPSS20.0 statisti-
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cal software, among which a t-test was applied to
the measurement data,χ2 test was employed for
the count data. Kaplan-Meier method and Log-
rank method were utilized to investigate the as-
sociation between pathological parameters and
patient prognosis, and the survival curve was
drawn. The test standard α=0.05, and when P<0.05,
with statistical significance.

RESULTS

Expression Situation of MMP-9 and PCNA in
Osteosarcoma and Normal Tissues

The high expression rates of MMP-9 protein
in osteosarcoma and osteochondroma were 75.5
percent (40/53) and 10.7 percent (3/28), respec-

tively, while the PCNA protein was 86.8 percent
(46/53) and 7.1 percent (2/28), respectively. Brief-
ly, the high expression rates of MMP-9 and PCNA
in osteosarcoma were prominently higher than
that in osteochondroma, with statistical signifi-
cance (Table 1, Fig. 1). The expression of MMP-9
and PCNA was highly significantly different be-
tween the study and control group with χ2 Value
higher than 30 in both cases and p-value lower
than 0.001.

The Relationship between the Expression Level
of MMP-9 and Clinicopathological Features in
Osteosarcoma

The high expression rate of MMP-9 protein
(Fig. 1) in osteosarcoma tissues with clinical stage

Table 1: Comparison of expressions of PCNA and MMP-9 in osteosarcoma as well as osteochondroma

Group                                MMP-9                       PCNA

High expression Low expression High expression Low expression

Study group (n=53) 40 13 46 7
Control group (n=28) 3 25 2 26
χ2 30.849 48.143
P <0.001 <0.001

Fig. 1. Expression of MMP-9 and PCNA in osteosarcoma and osteochondroma (×400). A: Expression of
MMP-9 in osteosarcoma; B: Expression of MMP-9 in osteochondroma; C: Expression of PCNA in
osteosarcoma; D: Expression of PCNA in osteochondroma
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IIB/III was 97.3 percent (36/37), which was prom-
inently higher than 25 percent (4/16) of IIA peri-
od, demonstrating the statistical significance
(P<0.001); the high expression rate of MMP-9 pro-
tein in osteosarcoma tissues in patients with me-
tastasis was 93.8 percent (30/32), which was higher
than 47.6 percent (10/21) of the absence of me-
tastasis. The difference was statistically signifi-
cant (P<0.001); Also, it existed no diversity in the
expression level of MMP-9 protein in osteosar-
coma in patients with different genders, ages, and
histologies (Table 2) (P>0.05).

The Association between the Expression Level of
PCNA and Clinicopathological Features in
Osteosarcoma

The high expression rate of PCNA protein in
osteosarcoma tissues with clinical stage IIB/III
was 97.3 percent (36/37), which was prominently
higher than 62.5 percent (10/16) in IIA period,
showing statistical significance (P< 0.05); The
high expression rate of PCNA protein in osteosa-
rcoma in patients with metastasis was 96.9 per-
cent (31/32), which was remarkably higher than
that of non-existing metastasis (71.4%, 15/21). The
difference was statistically significant (P<0.05);
and, it existed no diversity in the expression of

PCNA protein in osteosarcoma of patients with
different genders, ages, and histological types
(Table 3)  (P>0.05).

Analysis of Factors Related to the Survival
Rate of  Patients with Osteosarcoma

The survival time of patients with osteosar-
coma with different clinical-stage, metastasis,
MMP-9, and PCNA expression levels showed sta-
tistical significance (P<0.05), while the difference
of survival time between patients with different
ages, gender, and the histological type was on
the contrary (P<0.05). The ability to transfer the
cells has p-value lower than 0.001 and hence it
was significantly associated with the survival rate
of patients (Table 4, Figs. 2 and 3).

Table 2: Association between the expression level
of MMP-9 and the characteristics of various clinical
cases in osteosarcoma

Pathological                               MMP-9
 features

High Low χ2 P
 expre- expre-
ssion ssion

Gender 2.203 0.137
Male 25 11
Female 15 2

Age 2.198 0.138
>14 29 12
<14 11 1

Clinical Stage 31.538 <0.001
Phase IIA 4 12
Phase IIB/III 36 1

Histological Type 5.799 0.122
Osteoblast type 21 4
Chondrocyte type 8 2
Fibroblast type 4 5
Hybrid 7 2

Ability to Transfer 14.576 <0.001
Yes 30 2
No 10 11

Table 3: Association between the expression level of
PCNA and characteristics of various clinical cases
in osteosarcoma

Pathological                               MMP-9
 features

High Low χ2 P
 expre- expre-
ssion ssion

Gender 1.172 0.279
Male 30 6
Female 16 1

Age 0.322 0.571
>14 35 6
< 14 11 1

Clinical Stage 11.799 <0.001
Phase IIA 10 6
Phase IIB/III 36 1

Histological Type 1.977 0.577
Osteoblast type 21 4
Chondrocyte type 8 2
Fibroblast type 9 0
Hybrid 8 1

Ability to Transfer 7.162 0.007
Yes 31 1
No 15 6

Table 4: Single-factor analysis of survival rate

Pathological                    Univariate analysis
 parameters

        Log-Rank   P

Age 0.749 0.387
Gender 1.062 0.303
Clinical stage 11.367 0.001
Histological type 4.173 0.224
Transfer 28.068 <0.001
MMP-9 11.609 0.001
PCNA 08.467 0.004
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Fig. 2. Contrast of survival curves of MMP-9 between in high and low expression groups in osteosarcoma

Fig. 3. Contrast of survival curves of PCNA high and low expression groups in osteosarcoma
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DISCUSSION

Osteosarcoma, often occurring in adoles-
cents, is regarded as a malignant tumor. As the
most common bone malignant tumor, osteosar-
coma cells can directly produce bone-like tissue
and bone tissue through the cartilage stage, and
thus osteosarcoma grows rapidly (Benini et al.
2015). Besides, osteosarcoma is prone to early
metastasis, and the lung is its most commonly
affected organ. Bhattasali et al. (2015) found that
20 percent of patients with osteosarcoma had lung
metastases at the first hospitalization. Based on
the above pathological features, patients with
osteosarcoma often have a poor prognosis, and
the mortality and disability rates remain high.

Matrix metalloproteinase-9 (MMP-9) is a zinc
ion-dependent extracellular proteolytic enzyme
mainly expressed in the cytoplasm. As a member
of the matrix metalloproteinase family, it serves a
vital function in tumor invasion (Fan et al. 2015).
Xueliang et al. (2016) discovered MMP-9 showed
a high expression trend in colorectal cancer tis-
sues. It revealed that the high expression rate of
MMP-9 protein in osteosarcoma tissue was re-
markably higher than in osteochondroma tissue,
which corresponds with the results of Xueliang
et al. (2016). Furthermore, patients with osteosar-
coma with different clinical stages and metastas-
es have significant differences in the expression
levels of MMP-9 in cancer tissues. Also, patients
with high MMP-9 expression have a worse prog-
nosis. This indicates that the expression level of
MMP-9 in osteosarcoma patients is correlated
with clinical stage, metastasis, and prognosis.
Analysis of the reason suggests that osteosar-
coma cells express abundant extracellular matrix
metalloproteinase-inducing molecules and induce
the synthesis of MMP-9 protein (Lin et al. 2014).
As a gelatinase, MMP-9 can degrade the extracel-
lular matrix (ECM), reduce the tightness between
tissue structure and the adhesion ability of tumor
cells. Meanwhile, MMP-9 can also induce tumor
cells to secrete angiogenic factors and promote
tumor angiogenesis (Candido et al. 2016; Ho et al.
2016). Therefore, MMP-9 protein can encourage
tumor growth, metastasis, and invasion.

Proliferating cell nuclear antigen (PCNA), in
essence, is a protein diffusely expressed in prolif-
erating cells in vivo and serves a vital function in
the process of DNA replication in eukaryotic cells

(Paradiso et al. 2015; Zhoushuai et al. 2014). Ju-
peng et al. (2015) found that PCNA is important
for the growth of gastric cancer. The expression
level of PCNA in gastric cancer tissues is promi-
nently higher than that in normal ones. This study
found that PCNA showed a high expression trend
in osteosarcoma, which corresponds with the re-
sults of Jupeng et al. (2015). Additionally, in pa-
tients with osteosarcoma with different clinical
stages and metastases, the expression level of
PCNA in cancer tissues is significantly different,
and patients with higher expression of PCNA had
a worse prognosis. This conveys that the expres-
sion level of PCNA in osteosarcoma patients is
connected with clinical stage, metastasis, and
prognosis. To analyze the reason, PCNA may be
served as an accessory protein of DNA poly-
merase to engage in the regulation of DNA syn-
thesis during eukaryotic cell proliferation, whose
expression level in the nucleus varies periodical-
ly with cell proliferation (Zhoushuai et al. 2014;
Yang et al. 2014).

CONCLUSION

PCNA features in the tumor cell proliferation,
which can be used to evaluate tumor cell prolifer-
ation status. In general, the expression levels of
MMP-9 and PCNA protein in osteosarcoma tis-
sues show an upward trend, and the expression
levels of MMP-9 and PCNA are associated with
clinical stage, metastasis, and prognosis.

RECOMMENDATIONS

For patients with osteosarcoma with different
clinical stages, the expression level of MMM-9
and PCNA varies significantly and patients with
higher expression of PCNA showed no improve-
ment, hence the study recommends that the ex-
pression level of PCNA be connected with clini-
cal stage, metastasis, and prognosis.
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