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Abstract. Adamantinomatous craniopharyngioma (ACP) is 
considered a benign intracranial tumor, but it can also exhibit 
aggressive characteristics. Due to its unique location in the 
suprasellar, which brings it close to important nerves and 
vascular structures, ACP can often lead to significant neuro‑
endocrine diseases. The current treatments primarily include 
surgical intervention, radiation therapy or a combination of the 
two, but these can lead to serious complications and adversely 
affect the quality of life of patients. Thus, it is important to 
identify effective and safe alternatives. Recently, studies have 
focused on the tumor genome, transcriptome and proteome in 
an attempt to identify potential therapeutic targets for clinical 
use. However, studies on this region of the CP are limited; 
thus, the present study focused on this region. The GSE94349 
and GSE68015 datasets were downloaded from the Gene 
Expression Omnibus database and analyzed. In the in vitro 
studies, the effect of the matrix metalloproteinase (MMP)12 
inhibitor, MMP408, on cell proliferation and protein expres‑
sion was assessed. The results demonstrated that MMP408 
effectively inhibited cell proliferation and migration of ACP 
cells, and decreased the expression levels of the related 
proteins. Thus, MMP12 may be used as a potential therapeutic 
target for the treatment of ACP.

Introduction

Adamantinomatous craniopharyngioma (ACP) is a benign 
tumor, but may exhibit invasive characteristics clinically (1,2). 

ACP occurs in saddle areas and is hypothesized to develop 
from the Rathke's pouch  (1,2). For CP, following the first 
successful removal via surgery ~100 years ago, coupled with 
advances in surgical techniques and endocrine care, the 
mortality rate of patients has decreased from ~100‑5% (3‑6). 
Despite advancements in the treatment of ACP, there is still 
a high risk of recurrence and surgical complications due to 
its unique anatomical location (close proximity to the optic 
chiasma, optic nerve, pituitary stalk, internal carotid artery, 
hypothalamus and middle cerebral artery) and high risk of 
compression or perforation of arteries and other important 
structures, including the hypothalamus, pituitary stalk and 
optic chiasm (7,8). Thus, it is important to identify alterna‑
tive treatments. Recently, considerable efforts have been made 
to analyze the genome, transcriptome and proteome of these 
tumors to identify potential therapeutic targets (9‑11). However, 
studies on this region of the CP are limited. Understanding the 
molecular mechanisms underlying the development of ACP, as 
well identifying potentially relevant biomarkers of metastasis 
may assist in the management of patients.

Currently, high‑throughput data analysis technologies, 
including RNA sequencing and gene expression data chip 
technology, are widely used to study the molecular mecha‑
nisms underlying tumorigenesis. Abnormal mRNA expression 
and differentially expressed genes (DEGs) can be detected by 
mRNA expression chips (9‑11). Microarray technology has 
been used to identify DEGs, some of which have assisted in 
understanding the development and progression of malignant 
tumors (12). However, studies using gene expression micro‑
array platforms to determine the gene expression profile in 
ACP tissues are limited, despite being commonly used for 
other types of tumors (12‑14). The integrated gene expression 
database, Gene Expression Omnibus (GEO) provides a method 
for mining multiple tumor gene expression profiles for bioin‑
formatics analysis (15). Matrix metalloproteinase (MMP)12, 
also termed macrophage metalloelastase, is a type of metal‑
loproteinase secreted as part of an inflammatory response, and 
was initially identified in 1975 (16‑18). Previous studies have 
demonstrated that MMP12 gene knockout in homozygous 
mice results in physiological abnormalities in macrophages, 
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such as a decrease in sensitivity to cigarette smoke, and mice 
had smaller litter sizes (19,20). Furthermore, a recent study 
reported that inhibition of MMP12 may be a novel means of 
antiviral therapy (21).

MMP12 is expressed in several types of cancer, including 
colorectal cancer, gastric cancer, lung cancer and liver cancer, 
as well as ACP (22‑26). MMP12 can degrade the extracel‑
lular matrix and vascular components, thus promoting tumor 
invasion and migration  (26,27). Conversely, other study 
have reported that MMP12 may also inhibit tumor growth, 
invasion and migration  (28,29). MMP12 is expressed in 
macrophages, as well as tumor cells (29). Recent studies have 
demonstrated that MMP12 expressed in the periphery of 
the tumor suppresses tumor growth, whereas that expressed 
within the tumor promotes its growth (28,29). Thus, investi‑
gating MMP12 expression in ACP, and whether inhibition of 
MMP12 in ACP can inhibit the proliferation of tumor cells, is 
considered important.

MMP408 is an effective selective MMP12 inhibitor (30,31). 
Previous studies have reported that MMP408 can exert specific 
inhibitory effects on MMP12 at both mRNA and protein 
levels, and MMP12 can affect the inflammatory response 
due to its expression on macrophages (30,31). Inflammation 
serves an important role in the occurrence and development 
of ACP (32). Thus, it was speculated that MMP12 may exhibit 
beneficial effects for management of ACP.

In the present study, an integrated bioinformatics approach 
was used to identify the DEGs between ACP and normal 
tissues, based on datasets obtained from the GEO database 
(GSE94349 and GSE68015), to identify novel biomarkers 
associated with progression and pathogenesis of ACP. The 
present study focused on MMP12 based on the findings of 
a previous study (33). In addition, the effects of inhibiting 
MMP12 in vitro were assessed.

Materials and methods

Microarray data. ACP gene expression databases were 
obtained from NCBI GEO (ncbi.nlm.nih.gov/geo). For 
the present study, two GEO datasets, GSE94349  (34) and 
GSE68015  (35), which contained 48 tumor samples and 
48 normal samples were used.

DEGs. The limma package (versions 3.46.0; Bioconductor) in 
R was used to screen the differences between tumor samples 
and normal samples in the respective datasets. A Log2 (fold‑
change) |>1| and FDR (False Discovery Rate) <0.05 were used 
as the cut‑off criteria for the DEGs. The common DEGs in 
the GSE94349 and GSE68015 datasets were identified via the 
intersection function in R. The difference in MMP12 expres‑
sion between the two groups was compared using the ggplot2 
R package (versions 3.3.3; Bioconductor). 

Function and pathway analyses of DEGs. The clusterProfiler 
software package (versions 3. 18.1; Bioconductor) was used to 
perform Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analyses. GO 
includes biological processes (BP), cellular components (CC) 
and molecular functions (MF) (36). Enrichment analysis was 
performed to determine the biological significance of the DEGs.

Interaction and regulatory network establishment. 
The Search Tool for the Retrieval of Interacting Genes/
Proteins database (https://www.researchgate.net/figure/
STRING-​Search-Tool-for-the-Retrieval-of-Interacting-Genes-
Proteins-network-analysis-of_fig2_234098958) was used to 
construct the protein-protein interaction (PPI) network of the 
DEGs, and an interaction score of 0.4 was set as the threshold. 
The MOCD plug‑in version 3.6.1 (Cytoscape) was used to 
select the aim module: Modules with MCODE scores >5, 
degree cut‑offof2, node score cut‑off of 0.2, max depth=100 
and k‑score=2 were presented. Hub genes were screened out if 
they had a degree of connectivity ≥42.

Patients and sample collection. Tumor samples were 
collected and preserved following surgery at the Department 
of Neurosurgery, The First Affiliated Hospital of Nanchang 
University (NanChang, China). Tumor samples were collected 
after nasal endoscopic resection and stored at 4˚C for trans‑
porting. A total of six tumor samples, from three men and three 
women were obtained. The mean age of the patients was 36 years 
(age range, 8‑68 years), including three men and three women. 
Patients pathologically diagnosed with ACP were included in 
the present study, while patients who were associated with other 
diagnoses were excluded. All specimens were pathologically 
and clinically diagnosed as ACP by three pathologists. The 
present study was approved by The Research Ethics Committee 
of Nanchang University [NanChang, China; First Affiliated 
Hospital of Nanchang University (2020) Medical Research 
Ethics Review (No. 160)] and written informed consent was 
provided by all patients prior to the study start.

Primary cell culture. Fluorescence microscopy (magnification, 
x200) was performed to confirm the tumor parenchyma for the 
subsequent steps. Tissue samples were repeatedly washed with 
PBS and subsequently cut into 2‑3 mm3 thick sections. Tissue 
section were digested using trypsin containing streptomycin 
and penicillin (0.25%) and collagenase II (1 mg/ml) for 45 min 
(all purchased from Beijing Solarbio Science & Technology 
Co., Ltd.). The samples were centrifuged at 1,000 x g for 
10  min at  4˚C, and the supernatant was discarded. Cells 
were resuspended in high glucose medium (Beijing Solarbio 
Science & Technology Co., Ltd.) supplemented with 15% fetal 
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) and 
incubated at 37˚C with 5% CO2.

Immunofluorescence. ACP cells were washed with PBS and 
fixed in 75% ethanol for 20 min at room temperature. Cells were 
re‑washed and blocked with 5% BSA at 37˚C for 1 h. Cells were 
subsequently incubated with monoclonal anti‑pan‑cytokeratin 
(pan‑CK, 1:100; cat. no. ab215838; Abcam) and anti‑vimentin 
(VIM; 1:100; cat. no. J144; Invitrogen; Thermo Fisher Scientific, 
Inc.) antibodies overnight at 4˚C. Following incubation, cells 
were counterstained with DAPI (10 µg/ml; Sigma‑Aldrich; 
Merck KGaA) at  23˚C for 10  min and observed under a 
confocal laser scanning microscope (fluorescence microscope, 
x200). For the MMP408 and control groups, anti‑β‑catenin 
(1:100; cat. no. C7207; Sigma‑Aldrich; Merck KGaA) was used.

Cell proliferation assay. ACP cells were seeded into 24‑well 
plates at a density of 3x103 cells/well, and in 9 wells, cells 
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were treated with 2 nmol/ml MMP408 (37˚C, Sigma‑Aldrich; 
Merck KGaA) for 24, 48 or 72 h (three wells/condition) as 
the treatment group, and the remaining wells were treated 
for different periods of time (24, 48 or 72 h) at 37˚C, as the 
control group. DMEM solution containing 10 µl Cell Counting 
Kit‑8 (CCK‑8, 10:1, cat. no. 40203ES60; Shanghai Yeasen 
Biotechnology Co., Ltd.) was added to each well and cells were 
incubated for an additional 2.5 h in the dark. Cell proliferation 
was subsequently analyzed at a wavelength of 450 nm, using a 
microplate reader (Enspire 23001489, PerkinElmer, Inc.). The 
number of cells in each treatment condition was determined, 
based on the absorbance.

Cell migration assay. The wound healing assay was performed 
to assess the migratory ability of ACP cells. ACP cells were 
seeded into 6‑well plates at a density of 5x105 cells/well and 
incubated in media supplemented with 15% FBS (37) (Gibco; 
Thermo Fisher Scientific, Inc.), at 37˚C for 4 h. Once the cells 
reached confluence (the cells cover the plate), the monolayers 
were scratched with a 200 µl pipette tip and washed three 
times with PBS. Cells were incubated in DMEM supplemented 
with 15% FBS (37) at 37˚C for 48 h (Gibco; Thermo Fisher 
Scientific, Inc.) and the treatment group was treated with 
2 nmol/ml MMP408 (Sigma‑Aldrich; Merck KGaA) at 37˚C 
for 48 g. Images were taken at 0 and 48 h using an inverted 
fluorescence microscope (magnification, x200).

Colony formation assay. ACP cells were seeded into6‑wells 
plates at a density of 500 cells/well, with three wells as the 
control group and the other three wells as the treatment group. 
All cells were incubated in DMEM supplemented with 15% 
FBS  (37) (Gibco; Thermo Fisher Scientific, Inc.). at 37˚C 
for 24 h. The treatment groups were treated with 2 nmol/ml 
MMP408 at 37˚C for 2 weeks (Sigma‑Aldrich; Merck KGaA). 
Cells were cultured for 2 weeks, fixed with 4% paraformal‑
dehyde for 30 min at 23˚C stained with 50% crystal violet 
dye solution at 23˚C for 2 h and imaged. Cell colonies were 
observed under a fluorescence microscope (magnification, 
x200); a colony was counted if it contained ≥50 cells.

Western blotting. Cells were collected on ice (4˚C), lysed using 
lysis buffer (Beyotime Institute of Biotechnology) and subse‑
quently centrifuged at 12,000 x g for 30 min at 23˚C to retain the 
supernatant. The BCA protein analysis kit (Beyotime Institute 
of Biotechnology) was used to determine protein concentra‑
tion. Protein lysates (45 µg) were separated by SDS‑PAGE 
(7.5%), transferred onto PVDF (EMD Millipore) membranes 
and blocked with 5% skimmed milk at 4˚C overnight. The 
membranes were incubated with primary antibodies against 
c‑Myc (1:1,000; cat. no. 10828‑1‑AP; ProteinTech Group, Inc.), 
c‑Jun (1:2,000; cat. no. 24909‑1‑AP; ProteinTech Group, Inc.), 
Wisp1 (1:1,000; cat. no. 18166‑1‑AP; ProteinTech Group, Inc.), 
β‑catenin (1:5,000; cat. no. 51067‑2‑AP; ProteinTech Group, 
Inc.) and GAPDH (1:5,000; cat. no. 10494‑1‑AP; ProteinTech 
Group, Inc.) overnight at 4˚C. The membranes were washed 
three times with tris‑buffered saline with Tween‑20 (for 10 min 
each) and subsequently incubated with HRP‑conjugate goat 
anti‑rabbit IgG secondary antibody (1:10,000; cat. no. 31460; 
Thermo Fisher Scientific, Inc.). Protein bands were visualized 
using enhanced chemiluminescence reagent (EMD Millipore) 

and densitometry analysis was performed using ImageJ 
software (Image‑Pro Plus 6.0; National Institutes of Health) 
and the data were normalized to expression of the internal 
control GAPDH.

Statistical analysis. Statistical analysis was performed using 
SPSS version 19.0 software (IBM Corp.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard deviation. Paired Student's t‑test was used 
to compare differences between two groups, while one‑way 
ANOVA followed by Tukey's post hoc test were used to 
compare differences between multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Identification of DEGs. The heatmaps and volcano plots were 
generated to identify the downregulated and upregulated genes 
in the GEO datasets (GSE94394 and GSE68015). As presented 
in Fig. 1A, MMP12 expression in the GSE94394 dataset was 
significantly higher in the normal group compared with the 
ACP group (~1,000x; P<0.05). As presented in Fig.  1B, 
MMP12 expression in the GSE68015 dataset was significantly 
higher in the ACP group compared with the normal group 
(~1,700x; P<0.05). The differences in gene expression between 
the normal and ACP groups are presented in Fig. 1C and D.

MMP12 expression in the ACP group compared with 
the normal group and construction of the PPI network. 
MMP12 expression levels in the two datasets are presented 
in Fig. 2E and F. The results demonstrated that MMP12 was 
significantly higher in the ACP group compared with the 
normal group (P<0.05), which is consistent with a previous 
study (9). The PPI networks are presented in Fig. 2G and H. 
Although MMP12 was not one of the top 10 dysregulated 
genes (top 26 and 42 in the GSE94394 and GSE68015 data‑
sets, respectively), the results demonstrated that MMP12 has 
complex associations with several other genes.

GO and KEGG pathway enrichment analyses of the DEGs. 
GO and KEGG pathway enrichment analyses were performed 
using the clusterProfiler package, with a threshold of P<0.05 
(Fig.  2A). Enriched BP, CC and MF terms were used to 
obtain a better understanding of the biological functions 
of overlapping DEGs. The results demonstrated that the 
significantly enriched GO terms for BP were ‘neutrophil acti‑
vation’, ‘neutrophil mediated immunity’, ‘neutrophil activation 
involved in immune response’, ‘neutrophil degranulation’, 
‘regulation of neuron projection development’, ‘regulation of 
trans‑synaptic signaling’, ‘modulation of chemical synaptic 
transmission’, ‘axonogenesis’, ‘synapse organization’ and 
‘regulation of intracellular transport’ (Fig. 2B). Furthermore, 
the significantly enriched GO terms for CC were ‘neuronal cell 
body’, ‘presynapse’, ‘cell‑substrate junction’, ‘cell‑substrate 
adherens junction’, ‘focal adhesion’, ‘postsynaptic specializa‑
tion’, ‘neuron to neuron synapse’, ‘glutamatergic synapse’, 
‘asymmetric synapse’ and ‘postsynaptic density’ (Fig. 2B). 
The significantly enriched GO terms for MF were ‘cell 
adhesion molecule binding’, ‘small GTPase binding’, ‘Ras 
GTPase binding’, ‘actin binding’, ‘cadherin binding’, ‘tubulin 
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binding’, ‘protein C‑terminus binding’, ‘Rho GTPase binding’, 
‘extracellular matrix structural constituent’ and ‘SNARE 
binding’ (Fig.  2B). KEGG pathway enrichment analysis 
demonstrated that the DEGs were primarily enriched in the 
‘MAPK signaling pathway’, ‘chemokine signaling pathway’, 
‘endocrine resistance’, ‘ErbB signaling pathway’, ‘EGFR 
tyrosine kinase inhibitor resistance’, ‘N‑glycan biosynthesis’, 
‘human papillomavirus infection’, ‘proteoglycans in cancer’, 
‘human T‑cell leukemia virus 1 infection’, ‘salmonella infec‑
tion’, ‘focal adhesion’, ‘axon guidance’, ‘hippo signaling 
pathway’, ‘cellular senescence’, ‘glutamatergic synapse’ and 
‘AGE‑RAGE signaling pathway’ in diabetic complications 
(Fig. 2C and D). These significantly enriched terms and path‑
ways may provide further insight into potentially druggable 
targets for management of DEGs.

Establishment and identification of an ACP cell line. Primary 
ACP cells which were obtained from tissues pathologically 
confirmed to be ACP were successfully cultured for subsequent 
functional assays in vitro. Keratins are established molecular 
markers for tumors of an epithelial origin (38‑40) and Vim is 
an important marker to identify epithelial tumor cells because 
epithelial tumors do not express Vim (41). Thus, pan‑CK and 
VIM expression levels were used as positive and negative 
controls of analysis of the primary ACP cell via immunofluo‑
rescence analysis. The results demonstrated that pan‑CK was 
primarily expressed in the cytoplasm of ACP cells (Fig. 3A; 
left), while VIM expression was not observed (Fig. 3A; right). 
These results suggest that the primary cells were ACP cells, 
and they were not contaminated by CP associated fibroblasts.

MMP12 promotes ACP proliferation and migration in vitro. 
To investigate the effect of MMP408 on the proliferation 
and migration of ACP cells, the CCK‑8, colony formation 
and wound healing assays were performed. The results of 
the CCK‑8 assay demonstrated that MMP408 significantly 
decreased the proliferation of ACP cells compared with the 
control group (P<0.05; Fig. 3B). The results of the colony 
formation assay indicated that the number of cell colonies in 
the treated group was significantly lower compared with the 
control group (P<0.001; Fig. 3C). The results of the wound 
healing assay demonstrated that MMP408 significantly 
inhibited the migratory ability of ACP cells (P<0.001; Fig. 4A).

MMP12 promotes the expression levels of β‑catenin, c‑Myc 
and Wisp1. The Wnt/β‑catenin signaling pathway is involved 
in the progression and development of several types of 
tumors  (42). β‑catenin serves an important role in tumor 
invasion and development. MMP12 may interact with the 
Wnt/β‑catenin signaling pathway to regulate the development 
of the central nervous system (43). c‑Myc expression was also 
assessed in the present study. The results demonstrated that 
MMP408 significantly decreased the protein expression levels 
of c‑Myc, Wisp1 and β‑catenin (P<0.01 and P<0.001), but not 
c‑Jun (Fig. 4B).

Immunofluorescence analysis indicated that treatment 
with MMP408 decreased β‑catenin expression in the nucleus 
(Fig.  4C), where it normally interacts with target genes 
involved in tumor progression (30‑32). Taken together, these 
results suggest that MMP12 may promote the translocation of 
β‑catenin into the nucleus by regulating β‑catenin and c‑Myc, 

Figure 1. Hierarchical cluster analysis (heatmaps) and volcano plots of the common DEGs between ACP tissues and normal tissues. Hierarchical cluster 
analysis in the (A and C) GSE68015 and (B and D) GSE94349 datasets. DEGs were defined as P<0.05 and log2 (fold change) >|1.0|. DEGs, differentially 
expressed genes; ACP, adamantinomatous craniopharyngioma.
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Figure 2. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses were performed using the clusterProfiler package with a 
threshold of P<0.05 for differentially expressed genes between ACP tissues and normal tissues. Analysis of the (A and C) GSE68015 and (B and D) GSE94349 
datasets. (E and F) MMP12 expression in ACP tissues and normal tissues. (G and H) Protein‑protein interaction networks of MMP12. Modules with MCODE 
scores >5, degree cut‑off of 2, node score cut‑off of 0.2, max depth=100 and k‑score of 2 are presented. Hub genes were screened if they exhibited a degree of 
connectivity ≥42. ACP, adamantinomatous craniopharyngioma; MMP, matrix metalloproteinase.

Figure 3. Immunofluorescence, Cell Counting‑Kit 8 and colony formation analyses of ACP. (A) Immunofluorescence analysis of primary ACP cells. Pan‑CK 
and VIM expression levels were determined in cells counterstained with DAPI. (B) The Cell Counting‑Kit 8 assay was performed to assess the effect of 
MMP408 on ACP cell proliferation. (C) MMP12 inhibited colony formation of ACP cells. *P<0.05; ***P<0.001 vs. MMP408. ACP, adamantinomatous cranio‑
pharyngiomas; pan‑CK, pan‑cytokeratin; VIM, vimentin; MMP, matrix metalloproteinase; OD, optical density.



LI et al:  MMP12 IS A POTENTIAL THERAPEUTIC TARGET FOR MANAGEMENT OF CRANIOPHARYNGIOMA6

where it drives transcription of its target genes, and induces 
proliferation and migration of ACP cells. 

Discussion

Although ACP is a benign tumor, it accounts for 3% of all 
and 4% of childhood cranial tumors, with an annual inci‑
dence ranging from 5‑20 cases per 100,000,000  (44‑46). 
However, due to its unique anatomical structure and the 
risk of serious postoperative complications (7,8), it is urgent 
to improve surgical removal and non‑surgical treatment 
methods. However, the number of studies on drugs targeting 
genes uniquely upregulated in ACP are limited. It has been 
demonstrated that MAPK/ERK inhibitors can inhibit progres‑
sion of ACP tumors; however, related research is still in its 
infancy (45). Thus, further studies are required to understand 
the unique genome of ACP. In addition, due to various factors, 
bioinformatics‑based analyses of ACP is limited.

In the present study, the gene expression profiles of the 
GSE94349 and GSE68015 datasets were integrated to iden‑
tify the DEGs between ACP tissues and normal tissues using 
bioinformatics analysis. GO and KEGG pathway enrichment 
analyses were performed using the clusterProfiler R package. 
The enriched GO terms for BP were ‘neutrophil activation’, 
‘neutrophil mediated immunity’ and ‘neutrophil activation 
involved in immune response’, and KEGG pathway analysis 
demonstrated that these DEGs were enriched in the ‘chemo‑
kine signaling pathway’, ‘endocrine resistance’ and ‘human 

T‑cell leukemia virus 1 infection’ in both groups, which are all 
associated with inflammation in the tumor (32). MMP12 can 
affect tumor inflammatory response by affecting the secre‑
tion and expression of macrophages (46). A previous study 
reported that inflammation plays a key role in the occurrence 
and progression of ACP (32). In addition, MMP12 plays an 
important role in the occurrence and progression of ACP (32). 
Notably, in the KEGG pathway enrichment analysis, it was 
confirmed that EGFR tyrosine kinase inhibitor resistance 
exists in ACP. However, the specific mechanism and situation 
under which this resistance is exhibited requires further inves‑
tigation, which may also be relevant for further research and 
development of targeted drugs for ACP.

The progression of cancer cells primarily manifests as 
increased cell proliferation and migration (19,29,37,43,47). 
In the present study, the wound healing, cell proliferation 
and colony formation assays demonstrated that MMP408 
inhibited the proliferative and migratory abilities of ACP 
cells. Previous studies have demonstrated that MMP408 
can inhibit MMP12 expression at both mRNA and protein 
levels (26‑29). Thus, it was speculated that MMP12 can inhibit 
the proliferation and migration of ACP cells. However, the 
lack of experimental verification of the inhibition of MMP12 
expression/enzymatic activity by MMP408 is a limitation of 
the present study.

Currently, the predominant hypothesis by which ACP 
develops/progresses is overactivation of the Wnt/β‑Catenin 
signaling pathway; thus, the expression of β‑catenin is 

Figure 4. Wound healing assay and western blot and immunofluorescence analyses of ACP. (A) The wound healing assay was performed to assess the effect of 
MMP408 on the migratory ability of primary ACP cells. (B) Western blot analysis was performed to assess the effect of MMP408 on the protein expression 
levels of β‑catenin, c‑Myc, c‑Jun and Wisp1. (C) Immunofluorescence analysis was performed to assess the effect of MMP408 on the distribution of β‑catenin. 
**P<0.01; ***P<0.001 vs. MMP408. MMP, matrix metalloproteinase; ACP, adamantinomatous craniopharyngiomas.
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considered an important indicator of ACP (48). β‑catenin is 
a cytoplasmic protein that mediates gene transcription and 
cell‑cell adhesion  (48). In the absence of the Wnt ligand, 
β‑catenin undergoes proteasomal degradation as a result 
of interactions between Axin, glycogen synthase kinase 3β 
and anaphase‑promoting complex. β‑catenin is considered 
an important regulator of ACP, and in most tumors, c‑Myc 
promotes the proliferation of cancer cells by acting on 
SLC1A5. Jun can regulate tumor proliferation and other 
functions via AP‑1. It has been reported that high Wisp1 
expression is positively associated with the proliferation and 
invasion of several types of tumors, and is negatively associ‑
ated with prognosis. β‑catenin is prevented from activating 
the transcription factors T‑cell factor (TCF) and lymphoid 
enhancer factor (LEF), and c‑Myc, c‑Jun and Wisp1 are 
downstream proteins of TCF/LEF (32,47‑49). The expression 
of these genes has important effects on ACP cell functions, 
such as proliferation and invasion (32,47‑49). In the present 
study, immunofluorescence and western blot analyses demon‑
strated that the expression levels of β‑catenin, c‑Myc and 
Wisp1 significantly decreased in ACP cells when MMP12 
expression was inhibited. Thus, inhibition of MMP12 can 
inhibit the transcription and expression of related proteins in 
ACP, and thus inhibit the occurrence and progression of ACP.

Recent studies have reported that MMP12 expression in 
ACP is >820x of that in the surrounding normal tissues, and 
thus may be an important potential target for ACP therapy in 
the future (9,38,48). In the present study, MMP12 expression 
significantly varied between the ACP and normal groups. 
Although MMP12 was not amongst the top 10 genes that 
were differentially expressed between the ACP and normal 
groups, it did not affect the role of MMP12 in ACP, as there 
were several associations between MMP12 and the top 
10 dysregulated genes.

MMP12 is predominantly expressed in the cell nuclei and 
the extracellular matrix (28,29). Previous studies (28,29) have 
reported that MMP12 possesses dual functions. Its expression 
in the cell nucleus can promote tumor proliferation, while 
its expression in the extracellular matrix can inhibit tumor 
growth (9). Thus, determining the mode of action of MMP12 
in ACP is important in any study of its role in cancer. In the 
present study, inhibiting MMP12 expression decreased the 
proliferative and migratory abilities of ACP cells. In addition, 
the expression levels of the related proteins in vitro decreased, 
suggesting that MMP12 promotes ACP proliferation and 
migration in vitro. The effects of MMP12 inhibition should be 
determined in vivo (9,50).

In conclusion, the present study performed bioinfor‑
matics analysis of ACP datasets to determine the important 
characteristics of ACP. Taken together, these results support 
the notion that MMP12 serves an important role in ACP and 
may be involved in drug resistance. The in vitro experiments 
demonstrated that MMP408 decreased the proliferation and 
migration of ACP cells, suggesting the therapeutic potential 
of targeting MMP12 in management of ACP. However, further 
studies are required to validate the results presented here. 
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