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Abstract: This study aims to discuss the expression of matrix metalloprotein 9 (MMP-9) mRNA in the ascites and its 
value for the differential diagnosis of nature of ascites. 34 patients with the malignant ascites and 15 patients with 
the benign ascites were selected as the subjects. The real-time fluorescent quantitative polymerase chain reaction 
(PCR) was employed to detect the expression of MMP-9 mRNA in the ascites. The difference in the expression of 
MMP-9 mRNA in the benigh ascites and malignant ascites and the expression of MMP-9 mRNA under the different 
causes in the ascites were compared. The expression of MMP-9 mRNA in 31 patients with the malignant ascites and 
15 patients with the benign ascites was 14.67 (9.19, 38.08) and 0.90 (0.71, 2.26) respectively. The expression of 
MMP-9 mRNA in the malignant ascites was significantly higher than that in the benign ascites, with statistical sig-
nificance (P<0.05). There was no significant difference in the expression of MMP-9 mRNA in the malignant ascites 
under different primary diseases (P>0.05), as well as under liver cirrhosis and tuberculous peritonitis (P>0.05). The 
expression of MMP-9 mRNA in the malignant ascites is significantly higher than that in the benign ascites, which 
is of critical significance for the differential diagnosis of nature of ascites. In the clinical practice, the detection of 
expression of MMP-9 mRNA in the ascites can specify the nature of ascites in the early stage.
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Introduction

The ascites is one of the common clinical symp-
toms, which can be divided into benign ascites 
and malignant ascites. The differential diagno-
sis of benign and malignant ascites is always a 
clinical problem. The treatment and prognosis 
of ascites because of different causes are 
totally different. The palliative treatment after 
definite diagnosis can significantly improve the 
quality of life for patients and thus it will be of 
critical importance to specify the nature of asci-
tes. Presently, the indicators for differential 
diagnosis of ascites include the ascitic cytolo-
gy, ascitic tumor markers, ascitic biochemical 
markers and imaging [1, 2]. But these indica-
tors are still less than ideal for the differential 
diagnosis of benign and malignant ascites. The 
ascitic cytology is the gold standard for the 
diagnosis of malignant ascites, with the high 
specificity, but according to the foreign re- 
search, its highest sensitivity was only 50%-

60% [3]. Besides, it requires many times of 
drawing the ascites. In case of abundant asci-
tes, there are few exfoliated tumor cells per unit 
volume, resulting in the lower positive rate and 
misdiagnosis and missed diagnosis. The study 
on the effective method to rapidly diagnose the 
nature of ascites is critically important for the 
clinical diagnosis and treatment. The research 
indicated that increased expression of matrix 
metalloprotein 9 (MMP-9) in tumor was related 
to the invasion and metastasis of tumor [4-6]. 
In addition to the solid tumor, the expression of 
MMP-9 was also increased in the pleural effu-
sion, which played a key role in the formation of 
pleural effusion [7]. But there have been few 
researches on the expression of MMP-9 in the 
ascites. Because of the increased expression 
of MMP-9 in the tumor cells and its involvement 
in the invasion and metastasis of tumor, we pre-
sumed that the cancer cells might be exfoliated 
in the ascites during the peritoneal metastases 
of advanced tumor. The expression of MMP-9 in 
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Table 1. General data of patients with malignant 
ascites and benign ascites

Item
Malignant  

asctes 
(n=34)

Benign  
ascites 
(n=15)

T P

Age (years) 55±15.96 52.9±9.43 0.391 0.698
Gene Male 15 (44.12%) 12 (80%) 1.929 0.193

Female 19 (55.88%) 3 (30%)
Quantitative data between the two groups were compared using 
t test (P>0.05).

the exfoliated cells of malignant ascites should 
be higher than that in the benign ascites. 
Accordingly, in the clinical practice, it may be 
possible to detect the expression of MMP-9 in 
the exfoliated cells of ascites to diagnose the 
malignant ascites.

Materials and methods

General data

49 patients with the ascites treated and diag-
nosed in the Fifth Affiliated Hospital of Sun Yat-
sen University from June 2014 to February 
2015 were collected prospectively. According 
to results of the medical history, clinical mani-
festations, B-type ultrasound scan and CT, 
patients were divided into the benign ascites 
group and malignant ascites group, with 34 
cases of malignant ascites and 15 cases of 
benign ascites. Patients who were with unclear 
diagnosis or whose ascites that could not be 
decided whether it was caused by the tumor or 
non-neoplastic diseases were excluded. This 
study had been approved by the Ethics 
Committee of the Fifth Affiliated Hospital of 
Sun Yat-sen University. All patients had under-
stood all aspects of the informed consent and 
signed the consent.

Sampling

After signing the informed consent, patients 
were given the abdominal puncture and drain-
age or diagnostic abdominal paracentesis. The 
ascites were collected by 50 ml after the opera-
tion and then centrifuged at 3500 rpm and 4°C 
for 15 min. The supernatant was removed and 
the precipitate was stored at -80°C for the 
extraction of total RNA.

Design and synthesis of primers

GAPDH was chosen as the reference gene. 
Primer Premier 5.0 was employed to design the 

primer sequence of gene by referring to the 
mRNA sequence of human MMP-9 and GA- 
PDH in NCBI. The primer sequence of MMP-9 
was 5’-AGTCCACCCTTGTGCTCTTC-3’ (forward 
primer), 5’-ACTCTCCACGCATCTCTGC-3’ (reve- 
rse primer), with the primer size of 117 bp. 
The primer sequence of GADPH was 5’- 
GTGGGGCGCCAGGCACCAG-3’ (forward prim-
er), 5’-CTCCTATGTCACGCACATTC-3’ (reverse  
primer), with the primer size of 138 bp.

Extraction of total RNA from the ascites

The precipitate of ascites was collected and 
dissolved. Then 1 ml Trizol (TaKaLa, Dalian) 
was added per 5×106-1×107 cells for the cell 
lysis. The total RNA was extracted from the 
ascites according to the instruction manual of 
Trizol. The UV spectrophotometer was used to 
detect the concentration and purity of total 
RNA.

Reverse transcription

500 ng total RNA was collected and then 
PrimeScriptTM RT reagent Kit (TaKaLa, Dalian) 
was employed to transcript into cDNA, with the 
reaction conditions of 37°C for 15 min and 
85°C for 5 s.

PCR amplification

cDNA was chosen as the template. SYBR 
PremixEx TaqTM reagent kit (TakaLa, Dalian) was 
used for the real-time fluorescent quantitative 
PCR, with the reaction system of 25 μl and 
reaction conditions of 95°C for 30 s, 95°C for 5 
s and 60°C for 30 s, 40 cycles. The relative 
expression of MMP-9 was expressed by 2-ΔΔCt, 
with 3 repeats for each gene of each sample.

Statistical analysis

SPSS19.0 was employed for the statistical 
analysis. When the data met the normal distri-
bution, the “mean ± standard deviation” was 
selected for the statistical description. The t 
test was used for the comparison between two 
groups, while the analysis of variance for the 
comparison among groups. When the data did 
not meet the normal distribution (non-normal 
distribution), the “median (interquartile range 
(P25, P75))” was selected for the statistical 
description. The Mann-Whitney rank sum test 
was used for the comparison between two 
groups, while Kruskal-Wallisa rank sum test for 
the comparison among groups. P<0.05 indicat-
ed the significant difference.
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Results

General data of patients

There were 34 patients with the malignant asci-
tes in this study, including 15 males and 19 
females, with the age range of 33-94 year-old 
and average age of 55±15.96 year-old; 15 
patients with the benign ascites, including 12 
males and 3 females, with the age range of 
39-65 year-old and average age of 52.9±9.43 
year-old. The statistical analysis indicated that 
there was no significant difference in the age 
and gender between the malignant ascites 
group and benign ascites group (P>0.05, Table 
1).

There were 3 cases with the malignant ascites 
that had no amplification of MMP-9. Patients 
were divided into different groups according to 
the gender and age and then the difference in 
the expression of MMP-9 mRNA in the ascites 
was compared. The results showed that there 
was no significant difference in the expression 

of MMP-9 mRNA in the benign ascites and 
malignant ascites at the gender and age com-
position (P>0.05, Table 2).

Expression of MMP-9 mRNA in ascites

The relative expression of MMP-9 mRNA in 31 
patients with malignant ascites was 14.67 
(9.19, 38.08), which was significantly higher 
than 0.90 (0.71, 2.26) of patients with benign 
ascites, with the statistical difference (P<0.05) 
(Tables 1-3; Figure 1). It indicated that MMP-9  
mRNA was of significance in the differential 
diagnosis of benign and malignant ascites 
(Table 3; Figure 1).

The malignant ascites was divided into 7 groups 
according to the primary tumor, including 12 
cases with the liver cancer, 6 cases with the 
ovarian cancer, 2 cases with the gastric cancer, 
3 cases with the endometrial cancer, 2 cases 
with the pancreatic cancer, 4 cases with the 
peritoneal primary cancer and 2 cases with the 
intestinal cancer. The relative expression of 
ascitic MMP-9 mRNA was different in the differ-
ent primary tumors. The results of this study 
showed that the relative expression of MMP-9 
mRNA in the malignant ascites was highest in 
the intestinal cancer, followed by the pancreat-
ic cancer and ovarian cancer. But there were no 
significant difference of MMP-9 mRNA expres-
sion level in the malignant ascites of different 
primary tumors (P>0.05, Table 4).

Table 2. Relationship between expression of 
MMP-9 mRNA in ascites and gender andage

 Num-
ber

Median  
(interquartile range)

P 
value

Malignant ascites
    Age (years)
        <50 11 13.71 (9.01, 36.81) 0.24
        ≥50 20 11.33 (8.50, 42.58)
    Gene
        Male 15 13.70 (9.01, 50.11) 0.53
        Female 16 15.64 (9.23, 27.68)
Benign ascites
    Age (years)
        <50 6 2.21 (1.18, 2.83) 0.08
        ≥50 9 0.80 (0.77, 1.14)
    Gene
        Male 12 1.14 (0.72, 2.32) 0.92
        Female 3 0.89 (0.83, 2.01)
Quantitative data between the two or three groups were 
compared using Mann-Whitney U and Kruskal-Wallis test 
(P>0.05).

Table 3. Expression of MMP-9 mRNA in ascites

Group Num- 
ber

Median  
(interquartile range)

P  
Value

Malignant ascites 31 14.67 (9.19, 38.08) 0.000
Benign ascites 15 0.90 (0.71, 2.26)
Quantitative data between the two groups were compared 
using Mann-Whitney U test (P<0.05).

Figure 1. Expression of MMP-9 mRNA in ascites.



MMP-9 mRNA in ascites

3543 Int J Clin Exp Med 2017;10(2):3540-3546

There were only 2 diseases of cirrhosis and 
tuberculous peritonitis in the benign ascites, 
including 11 cases with the cirrhosis and 4 
cases with the tuberculous peritonitis. The 
expression of MMP-9 mRNA in the cirrhosis 
and tuberculous peritonitis was 0.80 (0.67, 
2.32) and 1.29 (1.03, 1.33) respectively, with 
no significant difference (P>0.05, Table 5).

Discussion

MMP-9 is also named as the gelatinase B, as 
the enzyme with the largest molecular weight in 
the family of matrix metalloproteinases, which 
can degrade the extracellular matrix [8, 9]. In 
addition to the degradation of extracellular 
matrix, the activated MMP-9 can also degrade 
type IV, V, VII and X collagens, laminin, proteo-
glycan and core proteins, directly destroy the 
barrier of basement membrane and play the 
key role in the infiltration and invasion of tumor 
into the surrounding tissues and its distant 
metastasis [10, 11]. More and more research-
es had reported that the increased expression 
of MMP-9 in the tumor and its involvement in 
the occurrence and development of tumor were 
related to the invasion and metastasis of tumor 
cells [12, 13]. During the metastasis and inva-
sion of tumor cells, the first step was the bind-
ing of tumor cells and surface receptor of base-
ment membrane. Afterwards, it would secrete 
the enzymes such as MMP to degrade the 

basement membrane and extracellu-
lar matrix. Finally, the tumor cells 
could spread around along the defect 
parts of basement membrane [8, 14]. 
The current knowledge about the rela-
tionship between MMP-9 and tumor 
has not been limited to the matrix deg-
radation and tumor invasion, but all 
aspects of the biological behavior of 
tumor, such as the early formation of 
tumor, angiogenesis of tumor, metas-
tasis, invasion and activity of tumor, 
regulation of tumor immune surveil-
lance and promotion of growth of met-
astatic cells [6]. MMP-9 is mainly dis-
tributed in the tumor cells and some 
interstitial cells around the tumor [15]. 
The malignant ascites is an obvious 
clinical manifestation for the invasion 
and metastasis of malignant tumor 
cells into the peritoneal cavity. Thus 
during the metastasis of tumor cells 
into the peritoneal cavity, the tumor 
cells or interstitial cells around the 

Table 4. Expression of MMP-9 mRNA in malignant ascites 
of different primary tumors

Group Num-
ber

Median  
(interquartile range)

P  
Value

Liver cancer 12 9.84 (4.87, 33.04)
Ovarian cancer 6 25.67 (11.33, 61.57)
Gastric cancer 2 33.51 (30.21, 36.81) 0.169
Endometrial cancer 3 69.98 (22.42, 117.54)
Pancreatic cancer 2 40.40 (29.69, 51.11)
Peritoneal primary cancer 4 16.46 (10.18, 22.74)
Intestinal cancer 2 4.89 (0.44, 9.33)

Table 5. Expression of MMP-9 mRNA in cirrhosis and 
tuberculous peritonotis

Group Number Median  
(interquartile range)

P 
value

Cirrhosis 11 0.80 (0.67, 2.32) 0.64
Tuberculous peritonotis 4 1.29 (1.03, 1.33)
Quantitative data between the two groups were compared using Mann-
Whitney U test (P>0.05).

tumor can be released into the ascites. In this 
way, MMP-9 can be detected in the malignant 
ascites. MMPs have been widely reported as 
key factors in the druge delivery systems [16, 
17]. According to one-stage clinical research on 
the perfusion of matrix metalloproteinase 
inhibitors in 23 patients with the malignant 
ascites in 1998 (BB94), MMP inhibitors could 
inhibit the formation of malignant ascites [18], 
which indicated the close relationship between 
MMP-9 and the formation of ascites.

Fluorescent Quantitative PCR is also named as 
qPCR for short. To be specific, the fluorescent 
molecule is added in the PCR amplification sys-
tem, while the proportion of fluorescent signal 
is used to reflect the increase of DNA amount. 
It can solve the problem of uncertainty of tradi-
tional PCR on the quantitative template at the 
end point, with the advantages of high efficien-
cy, accuracy and rapidity. It has been widely 
applied in the fields of biological medicine and 
molecular diagnosis, as some kind of reliable 
method to detect the micro-RNA in different 
cells, tissues and organs. Besides, it can also 
be used for the detection of quantitative 
expression of gene and load of bacterium and 
virus and mutation [19]. Because of the small 
sample size required by the study, it only needs 
small amount of RNA to detect the expression 
level of genes in the sample. The sample in this 
study was ascites with the convenient sampling 
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and limited paints for the patients, which was 
easily accepted by the patients and also suit-
able for the clinical application.

Accordingly, fluorescent quantitative PCR was 
employed in this study to detect the expression 
of MMP-9 mRNA in the ascites. 31 of 34 cases 
with the malignant ascites had the amplifica-
tion of MMP-9 mRNA, while 15 cases with the 
benign ascites all had the amplification of 
MMP-9 mRNA. There was no significant differ-
ence in the expression of MMP-9 mRNA in the 
benign and malignant ascites between the 
ages and gender composition, which indicated 
that the expression of MMP-9 mRNA in the 
ascites was irrelative of the age and gender. 
The relative expression of MMP-9 mRNA in the 
malignant ascites of 31 cases was 14.67 (9.19, 
38.08), while the one in the benign ascites was 
0.90 (0.71, 2.26), namely the relative expres-
sion of MMP-9 mRNA in the malignant ascites 
was 14.67 (9.19, 38.08) times higher than that 
in the benign ascites. The expression of MMP-9 
mRNA in the malignant ascites was significant-
ly higher than that in the benign ascites, with 
the statistical difference, which indicated that 
the detection of the expression of MMP-9 
mRNA in the ascites could be used for the dif-
ferential diagnosis of benign and malignant 
ascites. Zhang et al. [20] used the ELISA meth-
od to detect that the expression of MMP-9 in 
the malignant ascites was higher than that in 
the cirrhosis ascites and tuberculous ascites. 
Shen [21] adopted the ELISA method to detect 
the expression of MMP-9 in the ascites of 23 
patients with the benign ovarian lesions and 
50 patients with the malignant ovarian tumor, 
which indicated that the expression of MMP-9 
in the malignant ascites was significantly high-
er than that in the benign one. The expression 
of MMP-9 in the lymph node metastasis group 
was higher than that in the group without the 
lymph node metastasis and the one in the 
group with the ascites volume larger than 1000 
ml was higher than that in the group with the 
ascites amount less than or equal to 1000 ml, 
which indicated that the detection of expres-
sion of MMP-9 in the ascites could become the 
marker for the differential diagnosis of benign 
and malignant ovarian lesions. The findings of 
above two researches were similar with the 
ones of this study, which all indicated that the 
expression of MMP-9 in the malignant ascites 
was higher than that in the benign ascites. Sun 
et al. [22] adopted the gelatin zymography 

assay to detect the expression of MMP-9 in the 
ascites of 67 patients and the results showed 
that there was no expression of MMP-9 in the 
liver cirrhosis and tuberculous peritonitis, but 
had the high expression in the malignant asci-
tes. But the results of this study showed the 
amplification of MMP-9 in the ascites of 
patients with the liver cirrhosis and tuberculous 
peritonitis, namely the expression of MMP-9 in 
the liver cirrhosis and tuberculous peritonitis, 
which was different from the findings of SUN 
and might be related to the different experi-
mental methods, sample size and research 
objects. Based on such above analysis, the 
results of this study indicated that MMP-9 
played the certain role in the formation of 
malignant ascites and thus in the clinical prac-
tice, it could detect the expression of MMP-9 
mRNA in the ascites to identify the benign and 
malignant ascites, which was of critical signifi-
cance for the differential diagnosis of the 
nature of ascites and could also provide the 
theoretical foundation for the study on the rela-
tionship between MMP-9 and the formation of 
ascites.

Is it possible to detect the expression of MMP-9 
mRNA in the ascites to differentiate the primary 
diseases with the unclear ascites for the fur-
ther examination and treatment plan? After 
analyzing the expression of MMP-9 in the asci-
tes with the different causes, the results 
showed that the relative expression of MMP-9 
mRNA was different in the different primary 
tumors, with the highest relative expression in 
the intestinal cancer, followed by the pancreat-
ic cancer and ovarian cancer. But there was no 
significant difference in the relative expression 
of MMP-9 mRNA in the malignant ascites of dif-
ferent primary tumors. For the benign ascites, 
there was no significant difference in the 
expression of MMP-9 mRNA between the liver 
cirrhosis and tuberculous peritonitis. Therefore, 
this study indicated that the detection of 
expression of MMP-9 in the ascites could only 
be used for the differential diagnosis of benign 
and malignant ascites, but not for the differen-
tial diagnosis of origin of primary tumor or the 
differential diagnosis of cirrhosis ascites and 
tuberculous ascites. But there were limitations 
in this study, namely the small sample size, 
which should be increased in the further study.

To sum up, the conclusion could be drawn that 
in the clinical practice, it could detect the 
expression of MMP-9 mRNA in the ascites for 
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the differential diagnosis of benign and malig-
nant ascites, but there was no evidence to 
prove that the detection of expression of 
MMP-9 mRNA in the ascites could differentiate 
the origin of primary tumor or the ascites of 
liver cirrhosis and tuberculous peritonitis. The 
differential diagnosis of benign and malignant 
ascities is of critical importance for the treat-
ment and prognosis. It’s hoped that there will 
be a new vision of future studies in such field.
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