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Abstract: Objective: This study aimed to analyze the levels and clinical significance of MMP-2, MMP-9, and the 
inhibitors TIMP-1 and TIMP-2 in patients with neuroblastoma (NB). Methods: The levels of MMP-2, MMP-9, TIMP-1, 
and TIMP-2 in paraffin pathological sections of NB tissues obtained by surgical resection or biopsy were determined 
using immunohistochemical methods. Results: (1) The positive, weak positive, and strong positive rates of the MMP-
2 expressions were 82.86%, 27.59%, and 72.41%, and the corresponding rates of MMP-9 expression were 84.29%, 
28.81%, and 71.19%; (2) The strong positive rates of the MMP-2 and MMP-9 expressions in patients with early 
stage NB were 16.00% and 32.00%, but in patients with advanced stage NB, the rates were 84.44% and 75.56% 
(P<0.05); (3) The positive, weak positive, and strong positive rates of TIMP-2 expression were 80.00%, 32.14%, and 
67.86%. As for the TIMP-1 expression, the corresponding rates were 65.71%, 26.09% and 73.91%. In patients with 
advanced NB, the strong positive rates of the TIMP-2 and TIMP-1 expressions were 44.44% and 40%. There was 
a significant difference in the strong positive rates of TIMP-2 expression between the early and advanced stages 
(P<0.05), but the TIMP-1 expressions showed no significant differences. Conclusion: The positive expression levels 
of MMP-2 and MMP-9 and MMP-2 are correlated with NB progression and prognosis, demonstrating that these 
indicators can be regarded as biomarkers for the outcome of NB.
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Introduction

Neuroblastoma (NB) is the most common extra-
cranial solid tumor and it has a high incidence 
in neonates and infants [1]. NB originates in the 
primitive neural crest tissues and it may be 
present everywhere in the sympathetic ner- 
vous system, and it mainly involves the sympa-
thetic chain of the neck, chest, and abdomen 
[2]. Data show that more than half of all pa- 
tients with NB are toddlers, and nearly 90% of 
patients are less than 5 years old, and patients 
over 10 years old are rare [3].

In NB patients, some lesions remain localized 
at their primary site, and the risk of metastasis 
is low. The cancer cells are well differentiated 
and can be removed radically by surgery [4]. 
However, most patients have infiltration and 
metastasis outside the primary site in the early 
stages of NB, leading to a poor prognosis. The 

liver, the intracranial area, the local lymph 
nodes, the bones, and the lungs are typical 
sites of distant metastasis [5]. The early diag-
nosis of NB significantly improves patients’ 
clinical outcomes and prognoses.

Matrix metalloproteinases (MMPs) are proteo-
lytic enzymes. A variety of tumor cells and stro-
mal cells produce MMPs [6]. MMPs can degrade 
macromolecular substances in the extracel- 
lular matrix (ECM), effectively destroying the 
ECM and participating in various pathological 
and physiological processes [7]. Tissue inhibi-
tor metallo proteinases (TIMPs) are tissue 
inhibitors specific to MMPs. They can bind non-
covalently to MMPs and block their active site 
binding substrates, reducing the degradation  
of the ECM induced by MMPs [8]. In addition, 
TIMPs compete with the active sites of the 
MMPs and prevent their activation [9].
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In this study, the MMP-2 and MMP-9 levels and 
the TIMP-1 and TIMP-2 inhibitor levels were 
determined using paraffin sections of NB tis-
sue. The relationships among them were evalu-
ated to provide guidance for the disease’s clini-
cal diagnosis, staging, treatment, and prognosis 
evaluation.

Materials and methods

Specimens

A total of 70 NB specimens were collected  
from our hospital by surgical resection or biop-
sy, including 43 males and 27 females. The 
patients ranged in age from 3 months to 10 
years, with an average age of (4.62 ± 2.29) 
years, including 13 patients under one year old 
and 57 patients aged between 1-10 years old. 
The INSS stages I and II are defined as early 
stage and stages III and IV are classified as 
advance stages. In all, there were 12 cases in 
stage I, 13 in stage II, 21 in stage III, and 24 in 
stage IV.

Among the patients we studied, the NB occurr- 
ed in the retroperitoneum (20 cases), the  
adrenal glands (17 cases), the neck (10 cases), 
the mediastinum (12 cases), and other organs 
(11 cases). All the specimens were fixed with 
formalin and embedded in paraffin. Inclusion 
criteria: the patient specimens were collected 
by surgery or biopsy; the patients were of either 
gender; and only patients with complete patho-
logical and clinical data were included. All the 
patients signed a written informed consent, 
and the study was approved by the ethics com-
mittee of our hospital. Exclusion criteria: speci-
mens from other sources, patients over 12 
years old, and patients with other tumor dis-
eases or other serious systemic diseases.

Methods

Sectioning and staining: All the specimens  
were serially sectioned to 4 μm samples,  
which were affixed to clean glass slides treated 
with APES and baked in a 60°C oven for 2-3 
hours. The sections were routinely dewaxed 
with xylene, and the gradient alcohol was 
hydrated with distilled water. The sections were 
placed in prepared 3% H2O2, and the endoge-
nous peroxidase was inactivated at room tem-
perature for 10 minutes. The sections were 
washed with distilled water 3 times, 2 minutes 

each time, and then washed with PBS solution 
3 times. Each cycle lasted 2 minutes. Antigen 
retrieval: 0.01 mol/L citrate buffer solution 
(pH=6.0) was added into sections, heated to 
95°C with a microwave oven, and then cooled 
at room temperature for half an hour, and 
washed with PBS solution 3 times. In the 
MMP-2 group, a digestive enzyme was added 
dropwise, incubated at 37°C in a constant- 
temperature water bath incubator for half an 
hour, and then washed with PBS solution 3 
times, followed by the addition of normal goat 
serum, and left to stand for a quarter of an 
hour.

Normal goat serum was added to the remain- 
ing three groups, which were then allowed to 
stand for a quarter of an hour. Non-specific 
antigens were blocked and the excess fluid  
was wiped off. A mouse anti-human MMP-2 
monoclonal antibody was added to the MMP- 
2 group, and a mouse anti-human MMP-9 
monoclonal antibody was added to the MMP-2 
group. A mouse anti-human TIMP-1 polyclonal 
antibody was added to the TIMP-1 group. A 
mouse anti-human TIMP-2 polyclonal antibody 
was added to the TIMP-2 group. The MMP-2 
was incubated in a constant temperature water 
bath incubator at 37°C for 2 hours, and the 
remaining three groups were incubated in the 
water bath for 1-1.5 hours and washed with the 
PBS solution 3 times.

A biotinylated goat anti-mouse IgG was added 
dropwise to the TIMP-2 and TIMP-1 groups, and 
a biotinylated universal secondary antibody 
working solution was added dropwise to the 
MMP-2 and MMP-9 groups, which were incu-
bated in a constant temperature water bath 
incubator at 37°C for one quarter of an hour 
and rinsed with PBS solution 3 times, 2 min-
utes each time. In the MMP-2 and MMP-9 
groups, the horseradish enzyme-labeled strep-
tavidin working solution was added dropwise, 
and in the TIMP-2 and TIMP-1 groups, the  
SABC reagent was added dropwise. The color 
was developed using 3,3’-diaminobenzidine 
(DAB), which was left standing for half an hour 
and then observed through a microscope.  
After being rinsed with distilled water for 3 min-
utes, hematoxylin was used for the counter-
staining, and then the tissue was dehydrated 
and xylene was added to make it transparent. 
PBS was selected as the negative control 
instead of the primary antibody.
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Positive was defined as brown-yellow in color, 
with signs of cytoplasm or cell membrane stain-
ing. The staining intensity was determined 
according to the differences in the coloration 
depth and the number of positive cells: -: no 
tumor cells, negative staining; +: less than one-
third of the tumor cells stained with a light 
color; ++: one-third to two-thirds of the cells 
stained with a dark color; +++: more than two 
thirds of the tumor cells stained with a dark 
color.

Outcome measurement

The following outcomes were measured: (1)  
The positive rate of the MMP-2 and MMP-9 
expressions and (2) their relationship with the 
clinical stage and prognosis; (3) The positive 
rate of TIMP-2 and TIMP-1 expressions and (4) 
their relationship with the clinical stage and 
prognosis.

Statistical analysis

SPSS 22.0 was used for the statistical an- 
alysis. The measurement data were expressed 
as the mean ± standard deviation (mean ± SD). 
The data that had a normal distribution were 
tested using independent sample t tests, and 
the data that did not have a normal distribution 
were tested using Mann-Whitney U tests. The 
comparisons within groups were examined 
using paired t tests, and the comparisons of 
the count data between groups were perform- 
ed using X2 tests. P<0.05 indicated statistical 
significance.

Results

The MMP-2 and MMP-9 expressions

MMP-2 and MMP-9 were expressed in the 
tumor specimens. Positive staining was ob- 
served in the tumor cells, the vascular endothe-
lial cells, and the stromal cells. The cell clusters 
were observed to be densely distributed in a 
focal and nested manner. There were differ-
ences in the positive expression levels of 

MMP-2 and MMP-9. There were 58 (82.86%) 
specimens with positive MMP-2 expressions,  
of which 16 were +, 20 were ++, and 22 were 
+++. Weak positives (+) accounted for 27.59% 
and strong positives (++, +++) accounted for 
72.41%. The number of specimens with a posi-
tive MMP-9 expression was 59 (84.29%), 
including 17 (28.81%) that were weak positives 
(+) and 42 (71.19%) that were strong positives 
(++, +++) (Table 1; Figures 1, 2).

The relationships between the positive expres-
sions of MMP-2, MMP-9, and prognosis

There were 25 early NB cases and 45 advanc- 
ed cases. The strong positive rates of MMP-2 
and MMP-9 were 16.00% and 32.00% in the 
early NB patients, which were significantly dif-
ferent from the 84.44% and 75.56% in the 
patients with advanced NB (P<0.05) (Table 2; 
Figure 3).

The positive expressions of TIMP-2, TIMP-1

Vascular endothelial cells, stromal cells, and 
tumor cells all expressed TIMP-2 and TIMP-1. 
There were 56 (80%) specimens with a positive 
TIMP-2 expression. Among them, 18 (32.14%) 
were weak positive and 38 (67.86%) were 
strong positive. The number of specimens con-
taining a TIMP-1 positive expression was 46 
(65.71%), including 12 (26.09%) that were weak 
positives and 24 (73.91%) that were strong 
positives (Table 3; Figures 1, 4).

The relationships between TIMP-2, TIMP-1, 
positive expression, and prognosis

The strong positive rate of TIMP-2 in the early-
stage NB patients (72.00%) was significantly 
higher than it was in the advanced-stage NB 
patients (44.44%) (P<0.05), and the strong 
positive rate ofTIMP-1 in the early-stage NB 
patients (24.00%) was not significantly differ-
ent from the rate in the advanced NB patients 
(40%) (P>0.05) (Table 4; Figure 5).

Discussion

Among the causes of death in patients with 
malignant tumors, early metastasis to distant 
sites and the invasive growth of the tumor are 
the greatest threats [10]. The tumor metastasis 
involves multiple consecutive processes, and 
the destruction of the basement membrane 

Table 1. The positive expression rates of 
MMP-2 and MMP-9
Grouping Positive cases + ++ +++
MMP-2 58 16 20 22
MMP-9 59 17 21 21
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and the degradation of the ECM are crucial fac-
tors. Multiple enzymes can degrade macromo-
lecular proteins in the extracellular matrix, such 
as MMPs, cysteinase, and silk protease. MMPs 
are the most effective for degradation [11, 12].

The MMP family currently has at least 20 mem-
bers. There are many studies on the relation-
ship between MMP-2, MMP-9 and tumor inva-
sion and metastasis, but few efforts have 
focused on NB [13, 14]. NB starts in certain 
very early forms of nerve cells, most commonly 
found in an embryo or fetus, and progresses 

terminals, and metal binding fragments. The 
total length of the structural gene is 27 kb,  
with 12 introns and 13 exons. The total length 
of the MMP-9 structural gene is 26-27 kbp, 
with 9 introns and 13 exons, and it can de- 
grade and reshape the dynamic balance of  
the extracellular matrix. Previously, most stud-
ies on tumor specimens indicated that MMPs 
were secreted from tumor cells. In recent years, 
due to the gradual progress of biological tech-
nology, researchers have learned that MMPs 
are also secreted from a large number of cells 
in the mechanism tissues, and even the MMPs 

Figure 1. Positive expression rates. A. MMP-2 and MMP-9; B. TIMP-2 and TIMP-1.

Figure 2. MMP-2, MMP-9 expressions. Compared with the weak positive rate, the strong positive rates of the MMP-2 
and MMP-9 expressions were significantly higher (P<0.05).

Table 2. The relationship between the MMP-2 and MMP-
9 positive expressions, staging, and prognosis

Staging
MMP-2 MMP-9

Negative/Weak 
positive

Strong 
positive

Negative/Weak 
positive

Strong 
positive

Early 21 4 17 8
Advanced 7 38 11 34

rapidly with a poor prognosis. It is close-
ly related to the early destruction of  
surrounding tissues and distant organ 
metastasis [15].

NB patients have a low, long-term sur-
vival rate due to the disease’s high 
metastasis and infiltration [16]. MMP-2 
contains hydroxyl terminals, amino acid 
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they produce play a significant role. Later stud-
ies also found that MMP-2 and MMP-9 can be 
found in NB tumor cells, peripheral stromal 
cells, and vascular endothelial cells, among 
which the positive expression rate of MMP-2  
in the peripheral stromal cells is more than 
80%, and the rate of MMP-9 is more than 70%, 
indicating higher expression levels than the  
levels in the tumor cells. Studies on pancreatic 
cancer found that MMP-2 and MMP-9 were 
detected in tumor cells and adjacent mesen-
chymal cells, were flaky or focal, and were  
basically located near the lumens and at the 
edge of the nests. The results of this study 
showed that the strong positive rates of MMP- 
2 and MMP-9 in advanced NB are significantly 
higher than those in the early stages. The 
strong positive rate of the MMP-2 expression 
increased from 16.00% to 84.44%, and  
the MMP-9 rate increased from 32.00% to 
75.56%, suggesting that the positive expres-
sions of MMP-2 and MMP-9 are correlated with 
tumor stage. Webb et al. [17] measured the 
MMP-2 and MMP-9 levels in NB specimens  
and tumor cells and found that MMP-2 exists 
as an inactive precursor, but MMP-9 is ex- 
pressed as an active precursor. However, the 
underlying mechanism has not been fully eluci-
dated. We speculated that the reason may be 
the lack of the MMP-2 activating factor mem-
brane type 1-matrix metalloproteinase (MT1-

selectively inhibits MMP-2. The four maintain  
a dynamic equilibrium. If one of them were 
destroyed, it would cause changes in the other 
three levels. Studies have found that when 
MMPs are overexpressed, TIMPs are also highly 
expressed, but the degree of MMPs is greater 
than that of TIMPs, so the ratio of MMPs to 
TIMPs will be imbalanced, and the ratio will be 
higher, resulting in a faster degradation rate of 
ECM than that of synthesis. Studies of bladder 
cancer have shown that the levels of TIMPs in 
the blood increase as the disease progresses. 
Studies on ovarian tumors have shown that 
TIMP-l has a high-intensity color band in normal 
ovarian tissue, and the positive result of the 
band in tumor specimens is enhanced. We also 
found that the positive rate of TIMP-2 expres-
sion was 80.00%, and the positive rate of TIMP-
1 expression was 65.71%. Combined with the 
MMP-2 analysis, there seems to be a negative 
correlation between the TIMP-2 positive rate 
and the MMP-2 positive rate, suggesting that 
TIMP-2 plays an important role in the degrada-
tion process of ECM and can inhibit the forma-
tion of tumor metastasis. However, there is no 
significant difference in the positive expression 
of TIMP-1 from early to advanced, so its effects 
on NB have not been fully determined, and its 
specificity in terms of tumor metastasis and 
invasion may not be as strong as that of TIMP-
2. Early studies have suggested MMPs are 
mainly secreted by tumor cells. However, cells 
in stromal tissue can also produce MMPs [19, 
20]. In this study, it was found that the positive 
staining of MMP-2, MMP-9, TIMP-2, and TIMP-1 
all existed in stromal cells and tumor cells, 
especially in the vicinity of blood vessels and 
lumens. Studies [21] showed that stromal cells 

Figure 3. MMP-2, MMP-9 positive expressions, staging, and prognosis. Com-
pared with the strong positive rate in early stages, the rate is significantly 
lower in the advanced stages (P<0.05). As for MMP-9, the strong positive 
rate is significantly higher (P<0.05).

Table 3. The positive expression rates of 
TIMP-2 and TIMP-1
Staging Positive cases + ++ +++
TIMP-2 56 18 18 20
TIMP-1 46 12 11 13

MMP) and the high express- 
ion of the inhibitor TIMP-2. In  
addition, Agnieszka et al. [18] 
failed to detect the MT1-MMP 
mRNA expression using the 
northern-blot method, but in 
the case of inhibiting TIMP-2 
activity, 90% of the incubated 
cells were activated after one 
day.

TIMPs are specific MMP inhibi-
tors. In the regulation of ECM 
metabolism, TIMPs are nega-
tive regulators corresponding 
to MMPs. TIMP-1 selectively 
inhibits MMP-9, and TIMP-2 
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and vascular endothelial cells surrounding tu- 
mor cells were immunostained with MMP-2 and 
MMP-9, and the positive expression rates of 
MMP-2 and MMP-9 were higher in them than 
they were in tumor cells.

In the research of Joergensen et al. on pancre-
atic cancer, it was found [22] that tumor cells 
and peripheral interstitial cells expressed 
MMP-2, MMP-9, and TIMP-1, and they showed 
a patch-like, focal-shaped distribution at the 
edge of the cancer nest or near the lumen. 

In summary, the positive expression levels of 
MMP-2 and MMP-9 are correlated with the pro-
gression of NB and the poor prognoses of NB 
patients, indicating that these indicators can 
be considered useful biomarkers for NB 
outcomes.

However, this study did not find a strong corre-
lation between TIMP-1 and NB staging, so fur-
ther research is needed to explore the relation-
ship between TIMP-1 and NB staging and 
prognosis.

Figure 4. TIMP-2, TIMP-1 expressions. Compared with the weak positive rate, the strong positive rates of the TIMP-2, 
TIMP-1 expressions are significantly higher (P<0.05).

Table 4. The relationship between the TIMP-2 and TIMP-1 positive 
expressions and prognosis

Grouping
TIMP-2 TIMP-1

Negative/Weak 
positive

Strong 
positive

Negative/Weak 
positive

Strong 
positive

Early 7 18 19 6
Advanced 25 20 27 18

Figure 5. TIMP-2, TIMP-1 positive expressions and staging, prognosis. The 
strong positive rate of TIMP-2 in the early stages was not significantly differ-
ent from the rate at the advanced stages (P>0.05). The strong positive rate 
of TIMP-1 in the advanced stages was significantly higher than it was at the 
early stages (P<0.05).

Research by Johanns et al. 
[23] found that TIMP-2 can 
form a complex with pro-
MMP-2 to prevent the forma-
tion of zymogen activation 
and can non-covalently bind 
to active MMP-2, which can  
be regarded as a metastasis 
repressor gene.

Nissi et al. [24] found that the 
loss of the MMP-2 and TIMP-2 
ratio balance may be related 
to tumor invasion and metas-
tasis. MMP-2/TIMP-2=1.0 in- 
dicates a low risk of tumor 
metastasis, and >1.0 indi-
cates that the dynamic bal-
ance between ECM degrada-
tion and reconstruction is 
distorted, which significantly 
increases the risk of tumor 
metastasis [25]. It can be 
seen that measuring the ratio 
of the two indicators is helpful 
in predicting the risk of tumor 
metastasis.
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