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 Background: Pituitary adenoma is a common intracranial tumor in neurosurgery. Some pituitary adenomas have the char-
acteristics of invasive growth make them unable to be removed completely by surgery leading to easy relapse. 
Discoidin domain receptor l (DDR1) is a new kind of tyrosine kinase receptor on the cell surface. DDR1 can be 
activated by tumor microenvironment signal in tumorigenesis, increasing MMP-2/9 expression and promoting 
the invasive ability of tumor cells. Anoxia can promote tumor growth and metastasis. This study investigated 
the impact of anoxic environment DDR1 expression in pituitary adenoma.

 Material/Methods: A primary hypoxia pituitary adenoma cell model was established and treated with DDR1 inhibitor nilotinib. Real-
time PCR and Western blot were used to detect DDR1 mRNA and protein expression. ELISA was used to detect 
MMP-2/9 changes. MTT method was used to detect pituitary adenoma cell proliferation. We used a transwell 
chamber to determine pituitary adenoma cell invasion ability.

 Results: DDR1 mRNA and protein were significantly overexpressed under hypoxia (P<0.05). MMP-2 and MMP-9 expres-
sion was obviously increased in supernatant (P<0.05). Pituitary adenoma cell proliferation and invasive abili-
ty improved markedly under hypoxia (P<0.05). Nilotinib could reduce DDR1 expression, decrease MMP-2 and 
MMP-9 expression, and inhibit pituitary adenoma cells proliferation and invasion.

 Conclusions: Hypoxia can increase DDR1 expression in pituitary adenoma cells, leading to improved MMP-2 and MMP-9 se-
cretion, and promoting pituitary adenoma cell proliferation and invasion.
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Background

Pituitary adenoma is a common intracranial tumor in neuro-
surgery. Some pituitary adenomas have the characteristics of 
invasive growth. It may cause headache, cranial nerve palsy, 
and vision loss, depending on different invasive areas. Surgery 
cannot remove the invasive tumor completely and may lead 
to postoperative complications and it easily relapses [1,2]. The 
mechanism of pituitary adenoma occurrence and invasion is 
still not understood.

Extra cellular matrix (ECM) degradation is an important mech-
anism of tumor invasion. Tumor cell adhesion, ECM degrada-
tion, and neovascularization may promote tumor invasion [3,4]. 
Matrix metalloproteinase (MMP) belongs to the calcium zinc 
dependent endogenous protease family that can degrade all of 
the extracellular matrix and basement membrane except poly-
saccharides, and thus is in maintaining the physiological ECM 
dynamic balance [5,6]. As important members of the MMPs 
family, MMP-2 and MMP-9 participate in ECM and basement 
membrane degradation. Numerous studies confirmed that 
MMP-2 and MMP-9 participate in occurrence of multiple can-
cer invasion and migration processes such as laryngeal cancer, 
lung cancer, and liver cancer [7–9]. MMP-2 and MMP-9 were 
reported to be overexpressed in pituitary adenoma, and es-
pecially in invasive pituitary adenoma, which suggests its im-
portant role in pituitary adenoma [10]. But its specific mecha-
nism has not been fully elucidated. Discoidin domain receptor 
l (DDR1) is a newly identified tyrosine kinase receptor on the 
cell surface. DDR1 could be activated by tumor microenviron-
ment signal in tumorigenesis. Its location on the cell membrane 
indicates it can receive extracellular signals. Its specific ligand 
is collagen. DDR1 could be activated by tumor microenviron-
ment signals in tumorigenesis, so as to increase MMP-2/9 ex-
pression and promote invasive ability of tumor cells [11,12].

Hypoxia can promote abnormal cytokine expression and cause 
nerve-endocrine-immune system disorder, thus promoting tu-
mor growth and metastasis. This effect is particularly signifi-
cant in solid tumor [13,14]. However, the effect of hypoxia on 
pituitary adenoma is still unknown. This study investigated the 
impact of anoxia on DDR1 expression in pituitary adenoma.

Material and Methods

Reagents and instruments

DMEM medium, fetal bovine serum (FBS), EDTA, and penicil-
lin-streptomycin were purchased from Hyclone; dimethyl sulf-
oxide and MTT were purchased from Gibco; trypsin-EDTA was 
purchased from Sigma; PVDF membrane was purchased from 
Pall Life Sciences; Western blot-related chemical reagents were 

from Shanghai Beyotime biotechnology Co. LTD; ECL reagent 
was purchased from Amersham Biosciences; DDR-1 monoclo-
nal antibody and HRP tagged IgG secondary antibody were 
purchased from Cell Signaling; nilotinib and transwell cham-
bers were purchased from Sigma; MMP-2 and MMP-9 ELISA 
kits were purchased from R&D; other reagents were purchased 
from Shanghai Sangon Biotechnology Co., LTD; and Labsystem 
Version1.3.1 microplate reader was purchased from Bio-rad.

Objects

We enrolled 10 pituitary adenoma patients (6 males and 4 fe-
males) from neurosurgery between January 2014 and December 
2014. All the patients underwent surgery. The mean age of the 
selected patients was 33.5±9.4 (26–62) years. All patients’ clin-
ical symptoms were consistent with the diagnostic criteria. The 
diagnosis was confirmed by clinical imaging, surgery, and pa-
thology. No patients received growth hormone inhibitors be-
fore the surgery. The general clinical information showed no 
statistically significant differences (P>0.05). All subjects signed 
informed consent and the research was approved by ethics 
committee in our hospital.

Methods

Primary cell culture and hypoxia model

Pituitary adenoma cells were extracted by mechanical diges-
tion and enzyme digestion method for primary culture. Tumor 
specimens were divided into small pieces at 1 mm3 under asep-
tic condition. After digested by 0.25% trypsin-EDTA at 37°C for 
30 min, the cells were filtered, centrifuged, and maintained in 
DMEM medium (containing 10% FBS, 100 U/ml penicillin, and 
100 μg/ml streptomycin) at 37°C and 5% CO2. The medium 
was changed on the next day and cells were passaged every 
2–3 days. Cells in logarithmic phase were divided into control 
group, hypoxia group, and DDR1 inhibitor group. According 
to protocol of previous report [15], cells in the hypoxia group 
were maintained in 95% N2 and 5% CO2 incubator, while cells 
in the DDR1 inhibitor group were treated with 1 μM nilotinib 
under hypoxia.

Real-time PCR

The cDNA was synthesized with 1 µg RNA from the sam-
ples. The primers used are as follows: DDR-1 forward 
primer: 5’-AAGCTACGGACAGCAATTCT-3’, reverse primer: 
5’-TGGCCATCTGACTCCGTCA-3’; b-actin: forward primer: 5’- 
AGTCTAGTTGCTGGGTACC-3’, reverse primer: 5’-TAATAGGAT 
GTCTGGACTCCG-3’. The cycling conditions consisted of an ini-
tial, 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 3 duplicates for each sample. Gene expression 
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levels were quantified relative to the expression of GAPDH us-
ing an optimized comparative Ct (DDCt) value method.

Western blot

The tissue was digested with lysis buffer. Total protein was 
separated by denaturing 10% SDS-polyacrylamide gel electro-
phoresis. Detection was performed with chemiluminescence 
and calculated with Quantity One. Antibody dilutions were 1: 
500 for DDR1. Protein levels were normalized to b-actin and 
changes were determined by 4 replications.

ELISA

The cell supernatant was stored at –80°C. ELISA kits were used 
to detect MMP-2 and MMP-9 expression changes according to 
the manual. Major steps included: put 50 μl diluted standard 
product into the corresponding reaction holes to prepare the 
standard curve. Add 50 μl samples to each hole. After wash-
ing the plate 5 times, 50 μl enzyme reagent was added. The 
plate was washed 5 times again after incubation at 37°C for 
30 min. We inserted 50 μl agent A and 50 μl agent B into to 
each hole and the plate was incubated at 37°C for 10 min. 
The reaction was terminated after adding 50 μl terminates 
liquid. The plate was measured at 450 nm wavelength to get 
the absorbance value (OD value). The sample concentration 
was calculated according to the OD value and standard curve.

MTT assay

After culturing for 48 h, the cells in each group were digested 
and counted, then the cells were seeded to the 96-well plate 
at 3000 cells/well with 5 replicates. We added 20 μl of 5 g/L 
MTT solution to each well and cultured at 37°C and 5% CO2 
for 4 h. After adding 150 μl DMSO for 10 min, the absorbance 
(OD) value of each well was detected by microplate reader at 
wavelength of 570 nm to calculate the cell proliferation rate.

Transwell assay

We added 300 μg/ml Matrigel to the surface of upper chamber 
at 4°C under sterile conditions and incubated at 37°C for 3 h. 
DMEM medium containing 15% FBS was added to the lower 
chamber. The cells were pretreated with FBS-free DMEM me-
dium for 12 h and then seeded in the upper chamber. After 
20-h incubation, the membrane was fixed in 70% formalde-
hyde for 30 min. Crystal violet was used for staining and the 
cells were counted under the microscope.

Statistical analysis

All statistical analyses were performed using SPSS16.0 soft-
ware (Chicago, IL). Numerical data are presented as means and 

standard deviation (±S). Differences between multiple groups 
were analyzed using 1-way ANOVA or LSD test. P<0.05 was 
considered as a significant difference.

Results

Hypoxia impact on DDR1 mRNA expression

Real-time PCR was used to detect hypoxia impact on DDR1 
mRNA expression. It was found that DDR1 mRNA expression 
in pituitary adenoma increased significantly under hypoxia 
(P<0.05). DDR1 inhibitor treatment can obviously reduce DDR1 
mRNA overexpression caused by hypoxia (P<0.05) (Figure 1).

Hypoxia impact on DDR1 protein expression

Western blot was used to measure hypoxia impact on DDR1 
protein expression. The results showed that, similar to DDR1 
mRNA expression, DDR1 protein was markedly up-regulat-
ed under hypoxia (P<0.05). DDR1 inhibitor treatment can 
decrease DDR1 protein overexpression caused by hypoxia 
(P<0.05) (Figure 2).

The impact of hypoxia-induced DDR1 overexpression on 
MMP2/MMP9

MMP2/MMP9 content in the supernatant was detected 
by ELISA. The results revealed that compared with control 
(65.12±7.28 ng/ml), MMP-2 significantly increased under hy-
poxia (158.27±11.25 ng/ml) (P<0.05), and MMP-9 expression 

Figure 1.  Hypoxia impact on DDR1 mRNA expression. * P<0.05, 
compared with control; # P<0.05, compared with 
hypoxia group.
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(131.44±13.16ng/ml) in the hypoxia group was also higher 
than the in the controls (53.27±9.36 ng/ml) (P<0.05). After add-
ing DDR1 inhibitor, MMP-2 (118.27±19.43 ng/ml) and MMP-9 
(87.21±19.11 ng/ml) expression decreased compared with the 
hypoxia group (P<0.05) (Figure 3).

The impact of hypoxia-induced DDR1 overexpression on 
pituitary adenoma proliferation

Pituitary adenoma proliferation was determined by MTT meth-
od. We found that cell proliferation obviously increased under 
hypoxia compared with controls (P<0.05). DDR1 inhibitor could 
decrease DDR1 expression and inhibit cell proliferation signif-
icantly compared with the hypoxia group (P<0.05) (Figure 4).

The impact of hypoxia induced DDR1 overexpression on 
pituitary adenoma invasion

Transwell assay was performed to detect the impact of hypoxia-
induced DDR1 overexpression on pituitary adenoma invasion. 
The results suggest that cell invasive ability rose significant-
ly after hypoxia treatment (P<0.05). DDR1 inhibitor obviously 

decreased the number of perforated cells compared with the 
hypoxia group (P<0.05) (Figure 5).

Discussion

Invasive pituitary adenoma has a complicated mechanism and 
interacts with the nerve-endocrine-immune network. It is affect-
ed by a variety of factors, not only genes, but also ECM [16,17]. 

Figure 2.  Hypoxia impact on DDR1 protein expression. 
(A) Hypoxia impact on DDR1 protein expression. 
(B) Hypoxia impact on DDR1 protein expression. 
* P<0.05, compared with control; # P<0.05, compared 
with hypoxia group.
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Figure 3.  The impact of hypoxia induced DDR1 overexpression 
on MMP2/MMP9.* P<0.05, compared with control; 
# P<0.05, compared with hypoxia group.
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Figure 4.  The impact of hypoxia induced DDR1 overexpression 
on pituitary adenoma proliferation. * P<0.05, compared 
with control; # P<0.05, compared with hypoxia group.
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ECM plays a physiological role in normal pituitary tissues. At 
the same time, its abnormal expression and rebuilding are as-
sociated with pituitary tumor occurrence and development. 
MMPs can degrade and reconstruct ECM. Although the spe-
cific mechanism has not been elucidated, MMP-2/9 is associ-
ated with the pituitary adenoma invasion [10].

DDR1 ligand collagen combining with DDR1 can activate the 
DDR1 signaling pathway. DDR1 is up-regulated after colla-
gen protein ligand stimulation, thus promoting MMP-2/9 ex-
pression, ECM reconstruction, and invasion occurrence [12]. 
Hypoxia can accelerate tumor angiogenesis, induce cell apop-
tosis, change tumor cell invasiveness, and regulate energy me-
tabolism [18–20]. However, DDR1 expression and its effect on 
pituitary adenoma under hypoxia still need further investiga-
tion. This study confirmed that DDR1 mRNA and protein are 
overexpressed in primary pituitary adenoma cells under hy-
poxia. Increased DDR1 expression can promote MMP-2 and 
MMP-9 expression in supernatant, thereby accelerating pitu-
itary adenoma cell proliferation and invasion. Nilotinib treat-
ment can reduce DDR1 expression and further inhibit MMP-
2 and MMP-9 expression to suppress pituitary adenoma cells 
proliferation and invasion. Our results show that hypoxia can 
promote pituitary adenoma cell proliferation and invasion by 
increasing DDR1 expression in pituitary adenoma cells and 
improving MMP-2 and MMP-9 secretion, further promoting 
cell proliferation and invasion. In different environments, af-
ter binding with DDR1, DDR1 ligand collagen can promote the 
DDR1 signaling pathway. DDR1 overexpressed after stimula-
tion by collagen ligand can promote MMP-2/9 expression, ex-
tracellular matrix reconstruction, and tumor invasion [12]. This 
study confirmed that DDR1 is importantly influenced by hy-
poxia and regulates pituitary adenoma cell growth, prolifera-
tion, and infiltration through MMP-2/9.

Conclusions

To sum up, as a cell-surface tyrosine kinase receptor that can 
bind with collagen in the ECM, DDR1 plays an important role 
in pituitary adenomas under hypoxia and it could be a target 
to inhibit pituitary adenoma cell proliferation and invasion. 
Further investigation is needed to discover the theoretical ba-
sis for clinical treatment.

Figure 5.  The impact of hypoxia induced DDR1 overexpression 
on pituitary adenoma invasion. (A) The impact of 
hypoxia-induced DDR1 overexpression on pituitary 
adenoma invasion. a, control; b, hypoxia group; 
c, DDR1 inhibitor group; (B) The impact of hypoxia-
induced DDR1 overexpression on pituitary adenoma 
invasion. * P<0.05, compared with control; # P<0.05, 
compared with hypoxia group.
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