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ABSTRACT. Pituitary adenomas can cause endocrine disorder and organ 
damage, with some aggressive ones leading to a high postoperative 
recurrence rate. The occurrence and development of these type of tumors 
is closely related with matrix metalloproteinases (MMPs) and endogenous 
specific tissue inhibitor of MMPs (TIMPs). In this study, the relationship 
between pituitary adenoma invasion and the changes in MMP-8 and TIMP-
1 expressions is analyzed. Specimens from sixty patients with pituitary 
adenoma were collected in our hospital after surgery, including thirty cases 
of invasive pituitary adenomas and thirty cases of noninvasive pituitary 
adenomas. Western blotting and real-time PCR were used to detect MMP-
8/TIMP-1 protein and mRNA levels, respectively, in the two types of pituitary 
adenomas, while ELISA was used to detect both compounds’ levels in the 
patient’s serum. Compared with noninvasive pituitary adenomas, MMP-
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8 was significantly overexpressed in invasive pituitary adenomas, while 
TIMP-1 was obviously lower (P < 0.05 for both). Moreover, MMP-8 mRNA 
expression in invasive pituitary adenomas was significantly higher than 
in noninvasive pituitary adenomas, while TIMP-1 mRNA expression was 
markedly lower (P < 0.05 for both). Finally, MMP-8 expression in the serum 
is upregulated in patients with invasive pituitary adenomas relative to the 
noninvasive ones, and the expression of TIMP-1 significantly reduced (P < 
0.05 for both). These results show that increased MMP-8 and decreased 
TIMP-1 expressions are closely related to the invasive pituitary adenoma, 
and can be helpful for the evaluation.
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INTRODUCTION

Pituitary adenomas are mostly benign intracranial tumors that have high incidence, just 
below the incidence of gliomas and meningiomas. In recent years, their incidence has been in-
creasing, particularly in younger age groups (Manara et al., 2014; Oklu et al., 2014). Pituitary 
adenoma can stimulate excess hormone secretion in the pituitary gland and cause an endocrine 
disease, which can affect the whole body and cause tissue damage. Tumor-related hypopituita-
rism brings pain to the patient, seriously affects the quality of survival, and can even lead to death 
(Babbo et al., 2014). Some pituitary adenomas have been proven invasive, being able to invade 
the cavernous sinus, sphenoid sinus, saddle pool and saddle surrounding the brain tissue, leading 
to damage on brain tissue, the vomer surrounding area, the internal carotid artery, and the cranial 
nerve. Invasive pituitary adenoma can possess malignant tumor characteristics that can lead to low 
complete excision rates. Even after receiving post-surgery auxiliary radiotherapy or chemotherapy, 
its recurrence is still high. It is extremely difficult to cure and it has become an important human 
health problem (Ding et al., 2014; Kwancharoen et al., 2014). The pathogenesis of invasive pitu-
itary adenoma is a complicated process involving many factors and multiple steps (Broder et al., 
2014). At present, it is difficult to find an objective evaluation method for invasive pituitary adeno-
ma, with the only viable option being a combination of clinical symptoms, imaging and pathological 
histology (Yedinak and Fleseriu, 2014). Finding ways to determine invasive pituitary adenoma in 
the laboratory may provide a theoretical reference for the clinical diagnosis of the type of pituitary 
adenoma, which has an important significance for clinical application.

Matrix metalloproteinases (MMPs) are a family of calcium/zinc-dependent endogenous 
proteases that can degrade all kinds of extracellular matrix (ECM) proteins. They play a key role 
in maintaining the process of dynamic and physiologic balance of the ECM (Mavrogonatou et 
al., 2014; Verma et al., 2014). MMPs can be inhibited by endogenous specific tissue inhibitors of 
metalloproteinases (TIMPs; Bottino et al., 2014), which maintain the integrity of the ECM and base-
ment membrane together. The dynamic balance between MMPs and TIMPs is altered during the 
process of tumor occurrence and infiltration, leading to the destruction of the ECM and cell base-
ment membrane integrity. This results in the increase of tumor angiogenesis, further promoting 
tumor invasion and metastasis (Lee et al., 2014; Ma et al., 2014). However, whether the expression 
of MMP-8 and TIMP-1 in pituitary adenomas and their dynamic balance can be used as markers 
for pituitary adenoma has not been elucidated. This study aims to explore the influence of MMP-8 
and TIMP-1 on pituitary adenoma invasion by detecting their expression changes.
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MATERIAL AND METHODS

Subjects

Specimens from sixty patients with pituitary adenoma were collected in our hospital be-
tween January 2013 and December 2014. The enrolled subjects group had a mean age of 32.1 
± 17.25 (23-57) years, and was composed of 32 males and 28 females. All patients received 
surgery, including 30 cases of invasive pituitary adenomas and 30 cases of noninvasive pituitary 
adenomas. All clinical symptoms were consistent with the diagnostic criteria for pituitary adenoma, 
and confirmed by clinical imaging, surgery, and pathology diagnosis. Patients did not use growth 
hormone inhibitor drugs preoperatively. The general clinical information showed no statistical differ-
ences (P > 0.05). Subjects signed informed consents before the study and the study was approved 
by the ethics committee in our hospital. The specimens were preserved in liquid nitrogen under 
aseptic conditions.

Reagents

PVDF transfer membranes were bought from Pall Life Sciences (Port Washington, NY, 
USA). EDTA was purchased from GE Healthcare (Logan, UT, USA). Western blot-related chemical 
reagents were purchased from Shanghai Beyotime Biotechnology Co., Ltd. The ECL reagent was 
bought from GE Healthcare. The TRIzol reagent, RNA extraction kit, RT-PCR primers, reverse tran-
scription (RT) kit, and real-time PCR reagents were bought from Invitrogen, USA. The CIRP primary 
antibody was purchased from DPC Biermann GmbH. The horseradish peroxidase (HRP)-conjugated 
IgG secondary antibody was bought from Cell Signaling Technology, USA. β-actin was purchased 
from Santa Cruz Biotechnology, USA. The ELISA kit was bought from R&D Systems, USA.

Western blotting

The tissue was digested using a lysis buffer. Proteins were separated using a 10% SDS-
PAGE. Quantification was performed through chemiluminescence using Quantity One (Bio-Rad 
Laboratories, Inc., USA). Antibody dilutions for β-catenin, MMP-8, and TIMP-1 were 1:2000, 1:500, 
and 1:500, respectively. Protein levels were normalized to β-actin and the experiments were per-
formed in quadruplicates.

Real-time PCR

The cDNA was synthesized with 1 µg RNA from the samples. The primers used are 
as follows. MMP-8 forward primer: 5'-CTACGGAAGATCTCAGCGAAT-3', reverse primer: 
5'-CTCTGGGACATCTCCGTCA-3', TIMP forward primer: 5'-GGAAGATCCTACTCAATAGCG-3', 
reverse primer: 5'-GGGACTCTCATCGTCATCC-3'; β-actin: forward primer: 5'-AGTCTAGTTGCTG
G-GTACC-3', reverse primer: 5'-TAATAGGATGTCTGGACTCCG-3'. The cycling conditions con-
sisted of an initial, single cycle of 1 min at 52°C, followed by 35 cycles of 30 s at 90°C, 50 s at 58°C, 
and 35 s at 72°C. PCR amplifications were performed in triplicates for each sample. Gene expres-
sion levels were quantified relative to the expression of GAPDH using an optimized comparative 
Ct method (ΔΔCt).
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ELISA

The peripheral blood was acquired before the surgery. After being centrifuged at 2000 rpm 
for 15 min, the serum was collected and stored at -80°C. ELISA kits were used to detect MMP-8 
and TIMP expression changes according to the manual. The diluted standard product (50 μL) was 
put into the corresponding reaction holes to prepare the standard curve, after which the samples 
(50 μL) were added to each hole. After washing the plate for five times, 50 μl enzyme reagent was 
added to each hole. After incubated at 37°C for 30 min, the plate was washed again for five times. 
Agent A (50 μL) and agent B (50 μL) were added to each hole and the plate was incubated at 37°C 
for 10 min. The reaction was terminated by adding 50 μl stop solution. The plate was measured at 
450 nm to obtain the OD value. The sample concentration was calculated from the OD value and 
standard curve.

Statistical analysis

Numerical data are reported as means ± SD. Differences between multiple groups were 
analyzed using one-ANOVA. All statistical analyses were performed using the SPSS software (ver-
sion 13.0; Chicago, IL, USA). P < 0.05 was considered as a significant difference.

RESULTS

General information

The general information collected from the invasive and noninvasive pituitary adenoma 
patients was compared. Invasive pituitary adenoma patients exhibited a younger onset age of 32.1 
± 17.25 years. The two groups presented similar gender incidence with no statistical difference (P 
> 0.05; Table 1).

Table 1. Clinical information of patients and their pituitary adenomas.

Type of pituitary adenoma (N) Gender (M/F) Age (years) Tumor volume (mm3)

Noninvasive (20) 17/13 34.2 ± 12.65 20.1 ± 5.31
Invasive (20) 14/16 32.1 ± 14.36 21.6 ± 6.16

Changes in MMP-8 and TIMP-1 protein expression in pituitary adenomas

Western blotting was used to analyze the protein expression changes of MMP-8 and 
TIMP-1 between invasive and noninvasive pituitary adenomas. MMP-8 protein expression in non-
invasive pituitary adenomas was lower when compared with the invasive pituitary adenoma (P < 
0.05; Figure 1C). Compared with the noninvasive pituitary adenoma, TIMP-1 protein expression 
was lower in invasive pituitary adenoma (P < 0.05; Figure 1C). These indicate that overexpressed 
MMP-8 may promote pituitary adenoma invasion, while a reduction of TIMP-1 may decline the 
inhibitory effect on MMPs, and thus further promoting tumor occurrence and development.
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Changes on MMP-8 and TIMP-1 mRNA expressions in pituitary adenomas

Real-time PCR was used to analyze changes on the MMP-8 and TIMP-1 mRNA expres-
sions between invasive and noninvasive pituitary adenomas. MMP-8 mRNA expression increased 
significantly when the pituitary adenoma is invasive (P < 0.05; Figure 2). Compared with the non-
invasive pituitary adenoma, TIMP-1 mRNA expression was lower in the invasive pituitary adenoma 
(P < 0.05; Figure 2). These suggest that MMP-8 and TIMP-1 mRNA expressions have similar 
trends to their respective protein expressions.

Figure 1. Protein expression changes of MMP-8 and TIMP-1 in pituitary adenomas. A. MMP-8 protein expression 
in pituitary adenomas: lane 1: noninvasive pituitary adenoma, lane 2: invasive pituitary adenoma; B. TIMP-1 protein 
expression in pituitary adenomas: lane 1: noninvasive pituitary adenoma, lane 2: invasive pituitary adenoma; C. 
Statistical analysis of MMP-8 and TIMP-1 protein expressions in pituitary adenomas. *P < 0.05, compared with 
noninvasive pituitary adenoma.

Figure 2. Statistical analysis of MMP-8 and TIMP-1 mRNA expressions in pituitary adenomas. *P < 0.05, compared 
with noninvasive pituitary adenoma.

Changes on MMP-8 and TIMP-1 expressions in the serum of pituitary adenoma 
patients

ELISA was performed on serum samples from patients with invasive and noninvasive 
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Figure 3. Statistical analysis of MMP-8 and TIMP-1 expressions in the serum of pituitary adenoma patients. *P < 0.05, 
compared with noninvasive pituitary adenoma.

pituitary adenomas to analyze the changes on MMP-8 and TIMP-1 expressions. MMP-8 mRNA 
expression was higher in the invasive pituitary adenoma (P < 0.05; Figure 3). Compared with the 
noninvasive pituitary adenoma, TIMP-1 mRNA was lower in the invasive pituitary adenoma (P < 
0.05; Figure 3). These reinforce the previous results on MMP-8 and TIMP-1 promoting the invasion 
by pituitary adenomas.

DISCUSSION

The invasion mechanism of pituitary adenoma is complex and interacts with the nervous, 
endocrine, and immune systems. A variety of factors are involved this process, which not only 
includes gene changes that affect the balance of cell proliferation and apoptosis, but also ECM 
changes (Babichenko et al., 2014; Ma et al., 2015).

MMPs are a family of zinc-dependent enzyme composed of at least 26 members. MMPs 
are usually secreted to the ECM in a latent form, called zymogen. They can only be activated 
through the removal of the pro-peptide domain, which can be achieved through other proteolytic 
enzymes or corresponding activating objects, and can combine or degrade ECM in a specific man-
ner (Bi et al., 2015). Different MMPs can degrade the same kind of ECM components, and a MMP 
family can act on different ECM components. Previous studies confirmed that MMP-9 plays a role 
in pituitary adenoma invasion (Kim et al., 2014; Agren et al., 2015). However, the role of MMP-8, 
another important member of the MMPs family, in pituitary adenoma invasion has not been eluci-
dated yet. TIMPs are endogenous specific MMPs inhibitors that are composed of multiple mem-
bers (Ahmed Haji Omar et al., 2015). A study about the expression and balance of MMP-8 and 
TIMP-1 in the pituitary adenoma invasion is still lacking.

The selected pituitary adenoma cases in this study are mainly in a young age, and with 
similar incidence between men and women. The general information regarding age and gender 
showed no statistical differences, which is consistent with previous studies (Ozgören et al., 2014). 
This effect damages the physical barrier around tumor cells, increasing the tumor biological activity 
by degrading the matrix components, which allows the tumor to escape from the immune system. 
The changes of the ECM lead to an increase of tumor angiogenesis, leading to further pituitary 
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adenoma proliferation and invasive growth (Ramanujum et al., 2013; Pereira et al., 2014). 
To sum up, this study confirmed that the overexpressed MMP-8 and decreased TIMP-1 

are closely related to the invasive feature of pituitary adenomas. They can be treated as bio-
markers to assess pituitary adenoma invasion. Furthermore, reversing the abnormal expression of 
MMP-8 and TIMP-1 may help suppressing pituitary adenoma invasion.
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