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Abstract. To date the management of glioma remains a great 
challenge in cancer therapy worldwide. The identification 
of novel diagnostic and therapeutic methods is required. 
Although there is data indicating that matrix metallopro-
teinase (MMP)‑26 serves an important role in many human 
cancer types, its clinical significance in glioma remains 
uncertain. The present study aimed to evaluate MMP‑26 
expression in human astrocytic glioma specimens, and 
investigate its role and significance in the progression of 
astrocytic glioma. Immunohistochemistry was performed to 
assess MMP‑26 expression in astrocytic glioma tissues. The 
levels of MMP‑26 expression and its relevance to the clinico-
pathological features and prognostic factors in patients with 
astrocytic glioma patients were then investigated. The results 
demonstrated that MMP‑26 expression was significantly asso-
caited with the World Health Organization grade (P<0.05). 
Additionally, it was identified that MMP‑26 expression was 
an effective predictor of the overall survival of patients 
with astrocytic glioma (P<0.05). Analyses of univariate and 
multivariate Cox regression confirmed that MMP‑26 expres-
sion was an independent factor for evaluating the prognosis 
of astrocytic glioma patients (P<0.05). The current results 
support that MMP‑26 may be a novel indicator of diagnosis 
and an independent factor for evaluating prognosis in patients 
with glioma.

Introduction

Astrocytic glioma represents the most prevalent form of 
malignant tumor to occur in the primary central nervous 
system (CNS) of adults (1). The 5‑year survival rate in glioma 
patients remains lower than that for other cancers in the United 
States of America (2). Despite the progress that has been made 
in conventional therapies including neurosurgery, radiotherapy 
and chemotherapy, the prognosis of patients with glioma 
remains poor (3,4). Due to this markedly poor prognosis and 
lack of effective therapeutic options, a greater understanding 
of the molecular properties of glioma to develop effective 
diagnostic and therapeutic strategies is urgently required.

The matrix metalloproteinase (MMP) family is a group 
of zinc‑dependent endopeptidases that share similar structure 
and serve as main regulators in the process of tumorigen-
esis (5). Previous studies have indicated MMPs are important 
in a number of physiological processes, including in the degra-
dation of basal epithelial membranes and various extracellular 
matrix (ECM) components, in apoptosis, angiogenesis and 
inflammation, and also in cell growth, migration and differen-
tiation (5). Research has also demonstrated that the degradation 
of the ECM served a crucial role in the process of glioma 
cell invasion into surrounding brain tissue (6). Furthermore, 
MMP‑13 was indicated to be associated with the World Health 
Organization (WHO) grade and as a potential prognostic 
marker in glioma  (7). In addition, numerous other MMP 
family members, including MMP‑14, MMP‑19 and MMP‑28 
have been confirmed to be correlated with the WHO grade 
and have prognostic value in glioma (8,9). Aberrant expres-
sion of the MMP family members has been closely associated 
with the pathological process of glioma, and therefore MMPs 
have potential as diagnostic molecular biomarkers in human 
glioma.

Matrix metalloproteinase‑26 (MMP‑26) belongs to a large 
ECM protease family (10,11). MMP‑26 is a human‑specific 
protease that was first cloned from a human endometrial 
tumor cDNA library in 2000  (10,11). The lack of a hinge 
region distinguished it from other MMPs (12). MMP‑26 has 
the capacity to effectively degrade various components of 
the ECM, including fibronectin, gelatins, vitronectin and 
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fibrinogen (13). In particular, published research has demon-
strated that MMP‑26 served a critical role in the invasion 
and angiogenesis of glioma cells (14). However, the clinical 
and prognostic significance of MMP‑26 in glioma need to be 
investigated further.

In the present study, the expression of MMP‑26 in human 
astrocytic glioma specimens was detected, to investigate its 
role and significance in the progression of glioma.

Materials and methods

Clinical data and tissue samples. Clinical paraffin‑embedded 
astrocytic glioma tissue samples were obtained from 
120  patients who had received tumor excision surgery 
between January 2000 and December 2008. All the slides 
were re‑evaluated according to the 2007 WHO classification 
of tumors of the central nervous system criteria (4th edition) 
by two pathologists, with differences resolved by careful 
discussion. None of the patients had received anti‑cancer 
treatments prior to operation. Overall survival (OS) was 
based on patient operative time as a starting point, to patient 
fatality, loss at follow‑up or the last follow‑up. The follow‑up 
information was updated every three months and a follow‑up 
of at least five years was performed. The complete follow‑up 
information was obtained in the current research. The Sun 
Yat‑Sen University Cancer Center ethics committee reviewed 
and approved the current study and each patient signed 
written informed consent at the Cancer Center of Sun Yat‑Sen 
University.

Immunohistochemical staining. Immunohistochemistry 
staining was performed on 5  µm sections of the 
paraffin‑embedded astrocytic glioma tissue samples using 
an SPlink Detection kits (cat. no.  SP‑9000; ZSGB‑Bio, 
Beijing, China) based on the protocols of the manufacturer. 
In brief, the sections were first transferred to adhesive slides 
and dried at 60˚C for at least 30 min. Xylene was then used 
to deparaffinize the sections and rehydrate them with a 
decreasing alcohol gradient and double‑distilled water. 
The heat‑induced antigen retrieval was performed in citrate 
buffer by boiling for 10 min. Subsequently, the sections were 
treated with 3% hydrogen peroxide (H2O2) to remove endog-
enous peroxides. Then, the sections were incubated with 
MMP‑26 antibody (cat. no. ab81285; dilution 1:50; Abcam, 
Cambridge, MA, USA). Human colorectal cancer tissues 
were used as a positive control. Phosphate buffer solution 
replaced MMP‑26 antibody, which served as a negative 
control.

Evaluation of MMP‑26 staining. The immunohistochemical 
staining results were analyzed according to a previously 
described method (15). The percentage of MMP‑26‑positive 
cells was scored as 0 for <5%, 1 for 5‑<25%, 2 for 25‑50% 
and 3 for >50% cell staining. The intensity of staining was 
scored as 0 for no staining, 1 for pallide‑flavens, 2 for yellow 
and 3 for brown staining. The MMP‑26 immunohistochemical 
score was defined by multiplying the positive cells percentage 
and staining intensity scores. Samples were then divided into 
two groups according to the score: Scores ≤4 defined a low 
MMP‑26 expression group while scores >4 defined a high 

MMP‑26 expression group. The immunohistochemical scoring 
was conducted by two independent pathologists blinded to the 
information on the patient's clinical characteristics.

Statistical analysis. The data were analyzed using SPSS 
software (version 22.0; IBM Corp., Armonk, NY, USA). 
The χ2 test was used to analyze associations between 
MMP‑26 expression and clinicopathological features. The 
Kaplan‑Meier method was used to estimate survival from 
survival curves, and the log‑rank test was used to calculate 
the difference between survival curves. Statistical signifi-
cance was defined at P<0.05.

Results

Study population. Table  I presents the clinicopathological 
features of the 120 patients investigated in the current study. 
Among them, 90 patients (75.0%) succumbed to mortality 
before the end of the follow‑up period. The patient's median 
age was 42 (range, 2‑75) years. A total of 89 patients (74.2%) 
had received total tumor resection. Among the patients, 
40 cases (33.3%) were classified as grade II, 31 cases (25.9%) 
as grade III and 49 cases (40.8%) as grade IV, based on the 
WHO grading standards. The median follow‑up period was 
51.8 (range, 2.0‑156.0) months.

Immunohistochemical characteristics. In the immunohis-
tochemistry analysis, low MMP‑26 protein expression was 
determined in 89 of the 120 (74.2%) paraffin‑embedded 
astrocytic glioma tissues, and high MMP‑26 protein expres-
sion was detected in the remaining cases (31 of 120, 25.8%). 
Immunoreactivity of MMP‑26 was mainly detected in the 
cytoplasm (Fig. 1).

Associations between MMP‑26 expression and clinical 
characteristics. The associations between MMP‑26 expres-
sion and the clinical features of the patients with astrocytic 
glioma are presented in Table II. The results demonstrated 
that MMP‑26 expression was significantly related to tumor 
WHO grade (P=0.006), but did not reveal significant differ-
ences associated with patient age, sex distribution, Karnofsky 
performance status score, extent of resection or tumor location 
in the astrocytic glioma patients (P>0.05).

Prognostic value of MMP‑26 expression in astrocytic glioma. 
The prognostic value of MMP‑26 expression was analyzed 
by comparing OS according to MMP‑26 expression levels. 
The data demonstrated that the difference in the OS rate 
between the high and low expression groups was statistically 
significant (Fig. 2; P<0.001) according to the Kaplan‑Meier 
survival analysis. Separate analysis of the difference of the 
OS rate between the MMP‑26 expression groups according to 
WHO grade also revealed a statistically significant difference 
(Fig. 3; P<0.05). Univariate and multivariate survival analyses 
adjusting for all of the available clinicopathological param-
eters of patients are presented in Table III. The analyses of 
the univariate and multivariate Cox regression indicated that 
age, WHO grade and MMP‑26 expression were independent 
factors for evaluating the prognosis of patients with astrocytic 
glioma (Table III; P<0.05).
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Figure 1. Immunohistochemical analysis of MMP‑26 expression in glioma 
human brain specimens of varying World Health Organization grades. 
Grade  II, grade  III, and grade  IV glioma specimens (magnification, 
left, x200; right, x400) immunohistochemically stained for MMP‑26 are 
shown. Blue staining indicates the nuclei of glioma cells; brown staining 
indicates MMP‑26 expression in the cytoplasm, with the black arrows indi-
cating regions of strong staining. MMP‑26, matrix metalloproteinase‑26.

Table I. Clinical characteristics of the 120 glioma patients.

Characteristic	 Number (%)

Age (years)	
  Median 	 42
  Range 	 2‑75
Sex 	
  Male 	   70 (58.3)
  Female 	   50 (41.7)
WHO grade	
  Ⅱ 	   40 (33.3)
  Ⅲ 	   31 (25.9)
  Ⅳ 	   49 (40.8)
KPS 	
  ≥70	 113 (94.2)
  <70	     7   (5.8)
Extent of resection	
  Total	   89 (74.2)
  Subtotal	   31 (25.8)
Location	
  Supratentorial	 111 (92.5)
  Infratentorial	     9  (7.5)
Mortality	
  No 	   30 (25.0)
  Yes 	   90 (75.0)

KPS, Karnofsky performance status; WHO, World Health Organization.

Figure 2. Cumulative survival curves of the glioma patients following surgery 
according to MMP‑26 expression levels (n=120) (P<0.001). MMP‑26, matrix 
metalloproteinase‑26.

Table II. Associations of MMP‑26 expression with the clinico-
pathological features of glioma patients.

	 MMP‑26
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Low	 High	 P‑value	 χ2 value

All cases	 89	 31
Sex
  Male	 51	 19
  Female	 38	 12	 0.698	 0.150
Age (years)
  ≥40	 45	 13
  <40	 44	 18	 0.408	 0.685
KPS
  ≥70	 83	 30
  <70	 6	 1	 0.784	 0.582
Extent of resection	
  Total	 66	 23
  Subtotal	 23	 8	 0.997	 <0.001
Location
  Supratentorial	 82	 29
  Infratentorial	 7	 2	 0.794	 0.068
WHO grade
  Ⅱ	 35	 5
  Ⅲ	 25	 6
  Ⅳ	 29	 20	 0.006a	 10.132

aP<0.05 was considered significant. KPS, Karnofsky perfor-
mance status; WHO, World Health Organization; MMP, matrix 
metalloproteinase.
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Discussion

Primary CNS tumors represented 1.38% of all malig-
nant tumors and accounted for 2.60% of all malignant 
tumor‑associated mortalities in the United States in 2015 (2). 
Astrocytic glioma, which is the most prevalent and lethal form 
of primary tumor of the CNS, has a highly unfavorable prog-
nosis. Statistics indicate that the median OS time of patients 
with glioblastoma (GBM) is no more than fifteen months, and 
that the 5‑year survival rate is less than 10% (3). Despite the 
possibility for early detection and advancements in various 
therapeutic methods, glioma continues to pose a serious health 
threat to human health (16). It is well known that the prognosis 
of glioma has a strong relationship with local recurrence and 
progression. With the development of molecular biology, it is 
important to identify sensitive biomarkers that can not only 
identify early local recurrence and progression, but which also 
have the versatility to be used as suitable targets for therapy.

In the present study, research was conducted on MMP‑26 
expression in astrocytic glioma and its clinical signifi-
cance. MMP‑26 expression was evaluated in 120 cases of 
paraffin‑embedded astrocytic glioma tissue samples, and 
its correlation with the clinicopathological parameters of 

patients was assessed. According to the results, it was identi-
fied that high MMP‑26 expression was more likely to occur 
in advanced grade astrocytic glioma, and furthermore, it was 
confirmed that MMP‑26 expression was correlated with WHO 
grade. However, no significant relationships with other clini-
copathological parameters were identified. Previous studies 
have indicated the possible participation of MMP‑26 in tumor 
invasion and metastasis (17‑19). Hu et al identified that the 
expression of MMP‑26 was correlated with cancer invasion 
and metastasis and served an important role in tumor progres-
sion in colorectal cancer (15). Yamamoto et al confirmed that 
MMP‑26 expression was significantly correlated with cancer 
invasion, metastasis and recurrence in esophageal squamous 
cell carcinoma  (20). The present data also implied that 
MMP‑26 may serve a vital role in glioma progression. Thus, 
MMP‑26 may play a similar role in the invasion and progres-
sion of glioma to that observed in many other cancers.

In addition, the present results demonstrated that high 
MMP‑26 expression in glioma was independently associated 
with poor rates of OS in patients following tumor resection. 
Kaplan‑Meier analysis indicated that patients with high 
MMP‑26 expression tended to have a lower OS rate compared 
with in patients with low MMP‑26 expression, suggesting that 

Figure 3. Cumulative survival curves of glioma patients following surgery according to MMP‑26 expression stratified by WHO grade. (A) Survival curves for 
the 40 patients with grade II (P=0.026). (B) Survival curves for the 31 patients with grade III (P=0.029). (C) Survival curves for the 49 patients with grade IV 
(P=0.020). WHO, World Health Organization. MMP‑26, matrix metalloproteinase‑26.

Table III. Univariate and Multivariate Cox regression analyses of patient survival.

	 Univariate	 Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Sex (male vs. female)	 0.709	 0.464‑1.085	 0.113	 0.821	 0.277‑1.438	 0.383
Age (≥40 years vs. <40 years)	 2.506	 1.623‑3.871	 <0.001a	 2.170	 0.467‑3.909	 0.001a

KPS (≥70 vs. <70)	 0.162	 0.787‑4.181	 0.162	 0.950	 0.023‑2.751	 0.909
Extent of resection (total vs. subtotal)	 1.389	 0.884‑2.182	 0.154	 1.552	 0.345‑3.320	 0.071
Tumor location (supratentorial vs. infratentorial)	 0.295	 0.093‑0.935	 0.038	 0.697	 0.991‑12.140	 0.557
WHO grade (T2/T3/T4)	 1.828	 1.424‑2.346	 <0.001a	 1.573	 1.565‑6.090	 0.001a

MMP‑26 (low vs. high) 	 2.600	 1.657‑4.080	 <0.001a	 1.865	 0.352‑2.360	 0.009a

aP<0.05 was considered significant. KPS, Karnofsky performance status; WHO, World Health Organization; HR, hazard ratio; CI, confidence 
interval; MMP, matrix metalloproteinase.
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high MMP‑26 expression levels indicated poor prognosis in 
astrocytic glioma patients. In addition, univariate and multivar-
iate analyses adjusting all of the available clinicopathological 
parameters of patients, demonstrated that MMP‑26 was an 
independent factor associated with the OS time of the astro-
cytic glioma patients, in addition to the generally established 
clinical predictors of age and WHO grade. Thus, MMP‑26 may 
be regarded as a possible biomarker for predicting the OS time 
of astrocytic glioma patients, and also as an independent prog-
nostic index for patients with astrocytic glioma. As the number 
of the patients we have enrolled is small and we have only 
detected the MMP‑26 protein expression by immunohisto-
chemistry, further studies referring to the MMP‑26 expression 
in mRNA and gene level should be conducted to confirm the 
prognostic significance of MMP‑26 expression in astrocytic 
glioma. At present, the mechanism of MMP‑26 in enhancing 
tumor invasion and predicting the OS of glioma patients is not 
clear. A previous study demonstrated that MMP‑26 served a 
key role in the invasion process of glioma cells by impacting 
on ECM components in vitro (14). Additionally, MMP‑26 has 
been reported to promote glioma cell invasion into the tissues 
surrounding the tumor (14). Furthermore, proMMP‑9 could be 
activated by MMP‑26, which is dependent upon cleavage of 
the Ala93‑Met94 site in the proenzyme (20,21). TIMP4 may 
also play an important role in the interactions with MMP‑26 
to promote the cancer carcinogenesis and progression (22‑24). 
However, the underlying mechanisms should be clarified in 
greater detail.

In conclusion, the present study confirmed that MMP‑26 
expression was significantly associated with WHO grade, and 
that MMP‑26 was an independent predictor of OS in glioma 
patients. The current findings indicated that MMP‑26 may 
serve as a novel indicator for the diagnosis and in evaluating 
the prognosis of patients with glioma. Since the number of the 
patients we studied is small and we have only detected the 
MMP‑26 protein expression by immunohistochemistry, further 
studies should be taken to confirm the prognostic significance 
of MMP‑26 expression in glioma.
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