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Background. Craniopharyngioma (CP) is a benign slow-growing tumor. It tends to affect children, and the number of patients is
on rise. Considering the high morbidity and mortality of CP, it is urgent and pivotal to identify new biomarkers to uncover the
etiology and pathogenesis of CP. Methods. The “limma” package was utilized to calculate the data from the Gene Expression
Omnibus (GEO) database. Based on differentially expressed genes (DEGs), gene ontology and pathway analysis were deduced
from the DAVID web tool. Further, we constructed a protein-protein interaction (PPI) network. Weighted correlation network
analysis (WGCNA) was utilized to build a coexpression network. Finally, Western blotting and survival analysis were
performed to examine the expression level of important metabolism-related genes. Results. Three hundred and eighty-four
DEGs were identified between normal tissues and CPs from the GSE94349 and GSE26966 datasets. The Venn diagram for
DEGs and hub genes in the ‘turquoise’ module revealed four key genes. Finally, the outcome of the survival analysis suggested
that Integrin α6 (ITGA6) significantly affected the overall survival time of the patients with CP. Conclusion. IGTA6, as a
metabolism-related molecule, was found to be substantially related to the overall survival of patients with CP.

1. Introduction

Craniopharyngioma (CP) is a locally aggressive tumor with a
low histological grade (WHO I grade) [1], mostly occurs in
the sellar and suprasellar regions [2]. Globally, the incidence
rate of CP in children’s ranged the third of intracranial tumors
and it is also the most common nonneuroepithelial neoplasm
in the hypothalamus and pituitary regions [3]. Despite the
benign histologic appearance [4], due to invasion to important
structures around the tumor, such as the optic chiasma, Willis
ring, pituitary, and hypothalamus [5], hence, symptoms and
signs of hypothalamic and pituitary dysfunctions are evident
in patients with CP. Currently, surgery is the most effective

treatment; however, the complexity of CP creates challenges
for surgery treatment and leads to a high mortality rate. Diffi-
culties still exist in the removal of the tumor owing to the ana-
tomical structure adjacent to the suprasellar region and
adhesion around tumor with the surrounding tissues. Some
controversies regarding the etiology, histology, and pathology
of CP, as also the optimal treatment strategy persist [3]. In
short, it is urgent and important to identify new biomarkers
to uncover the etiology and pathogenesis of CP.

Microarray-based high-throughput platform is a prom-
ising and efficient technique, which is widely used to screen
epigenetic or genetic alternations and identify cancer bio-
markers [6, 7]. Comprehensive calculation of data provides
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Figure 1: Heatmap and volcano plot of DEGs. (a) Heatmap of the differently expressed genes according to the values of jlogFCj > 2. (b)
Volcano map of differently expressed genes between CP tissues and normal pituitary tissues.
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key avenues to explore the mechanisms of tumors [8]. Sev-
eral gene expression profiling microarrays have been
employed to identify the differentially expressed genes
(DEGs) in CP, and some bioinformatic methods have been
used to analyze the data. In this study, we processed raw data
of CP samples in the GSE94349 and GSE26966 datasets
downloaded from GEO. DEGs were analyzed, and WGCNA
was performed to elucidate the possible mechanisms under-
lying CP more clearly.

2. Methods

2.1. Microarray Data. Two gene expression profiling datasets
(GSE94349 and GSE26966 from GPL55999 platform),
acquired from the GEO, comprise 9 normal pituitary tissues
and 9 CP tissues. The two datasets were chosen for inte-
grated analysis owing to their same platform.

2.2. Data Processing. We used the ‘limma’ package (V3.29.0)
with standard data processing conditions to identify DEGs.
The cut-off criteria were p < 0:05 and jlogFCj ≥ 2. Subse-
quently, the DEGs were analyzed by Gene Ontology (GO)
term enrichment analysis and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis using the ‘cluster-
profiler’ package (V4.4.3) in R V3.5.5. The protein-protein
interaction (PPI) network was constructed using STRING
Database (http://string-db.org/) and the Cytoscape software.
Subsequently, the WGCNA package (V1.61) was employed

to search the correlations among genes and identify the sig-
nificantly correlated gene modules. The soft thresholding
power was set at 6.

2.3. GO Term Annotation and KEGG Pathway Enrichment
Analyses. We utilized clusterProfiler to perform GO and
KEGG analyses, for a detailed comprehension of the DEGs.
p < 0:05 was considered a significant enrichment.

2.4. Protein-Protein Interaction (PPI) Network Construction.
The DEGs used for constructing PPI network were obtained
through the ‘limma’ package. The Cytoscape software
(V3.8.1) was thereafter employed to analyze the interactive
relationships among the candidate proteins [9]. The “Molec-
ular Complex Detection” (MCODE) module (V2.0.2) was
used to detect densely connected regions in large PPI net-
works that may represent molecular complexes [10].

2.5. Weighted Correlation Network Analysis (WGCNA).
Weighted correlation network analysis (WGCNA) was used
for identifying modules of highly correlated genes, summa-
rizing clusters using the module eigengenes or an intramod-
ular hub gene, and correlating modules to one another and
to the external sample traits (using eigengene network meth-
odology) [11]. We used the WGCNA package to construct
the gene coexpression network, identify modules, and finally
obtain the genes in the modules of interest.

Table 1: Gene ontology analysis for aberrant differentially expressed genes in craniopharyngioma.

Category Term Count % p value

Low expression

GOTERM_BP_DIRECT GO:1902018~ negative regulation of cilium assembly 2 3.64 0.01697

GOTERM_BP_DIRECT GO:0072577~ endothelial cell apoptotic process 2 3.64 0.01697

GOTERM_BP_DIRECT GO:0006355~ regulation of transcription, DNA-templated 9 16.36 0.02695

GOTERM_BP_DIRECT GO:0070588~ calcium ion transmembrane transport 3 5.45 0.034121

GOTERM_BP_DIRECT GO:0042462~ eye photoreceptor cell development 2 3.64 0.043071

High expression

GOTERM_CC_DIRECT GO:0005925~ focal adhesion 30 9.35 5:60E − 12
GOTERM_CC_DIRECT GO:0070062~ extracellular exosome 90 28.12 2:77E − 11
GOTERM_CC_DIRECT GO:0009986~ cell surface 28 8.75 1:64E − 07
GOTERM_CC_DIRECT GO:0005615~ extracellular space 46 14.35 1:51E − 06
GOTERM_CC_DIRECT GO:0031012~ extracellular matrix 18 5.63 5:44E − 06
GOTERM_BP_DIRECT GO:0007155~ cell adhesion 28 8.75 1:07E − 08
GOTERM_BP_DIRECT GO:0030198~ extracellular matrix organization 17 5.31 1:58E − 07
GOTERM_BP_DIRECT GO:0016337~ single organismal cell-cell adhesion 9 2.81 2:60E − 04
GOTERM_BP_DIRECT GO:0071404~ cellular response to low-density lipoprotein particle stimulus 4 1.25 3:43E − 04
GOTERM_BP_DIRECT GO:0042060~wound healing 8 2.50 3:43E − 04
GOTERM_MF_DIRECT GO:0050839~ cell adhesion molecule binding 8 2.50 5:23E − 05
GOTERM_MF_DIRECT GO:0001948~ glycoprotein binding 8 2.50 7:12E − 05
GOTERM_MF_DIRECT GO:0004871~ signal transducer activity 13 4.06 9:79E − 05
GOTERM_MF_DIRECT GO:0098641~ cadherin binding involved in cell-cell adhesion 15 4.69 2:15E − 04
GOTERM_MF_DIRECT GO:0005515~ protein binding 166 51.88 5:92E − 04
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2.6. Identification of Key Genes. The final key genes were
identified as the intersecting genes between those in the ‘tur-
quoise’ module from WGCNA and DEGs.

2.7. Tissue Collection. A total of 21 human CP tissues were
acquired from the patients, and 10 normal pituitary tissues
from other patients with common pediatric brain tumor
types. No local or systematic neoadjuvant radiotherapy, or/
and chemotherapy, and targeted therapy were managed.
The study design was approved by the Research Ethics Com-
mittee of Lanzhou University (Lanzhou, Gansu, PR China)
and all patients enrolled in this study provided signed
informed consent.

2.8. Western Blotting. Initially, we selected four of the 21
human CP tissues and four normal pituitary tissues, as pre-
viously described. Total proteins of each sample were
extracted with Cell lysis buffer for Western and IP (Beyotime
Biotechnology, China), followed by quantification using

bicinchoninic acid (BCA) kit (Beyotime Biotechnology,
China). After being separated by 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE), the
total protein was transferred onto the polyvinylidene fluo-
ride (PVDF) membranes (Beyotime Biotechnology, China)
which were then blocked for 1 h. Thereafter, the membranes
were incubated first with primary antibodies against at 4°C
overnight and then with a horseradish peroxidase-
conjugated secondary antibody for 2 h. Later, protein-
antibody complexes were visualized and analyzed using
ECL chemiluminescent solution (Beyotime Biotechnology,
China). Finally, the ImageJ software (Rawak Software, Ger-
many) and GraphPad Prism (version 7, GraphPad Software,
San Diego, USA) were used to analyze the grayscale values of
the bands.

2.9. Survival Analysis. The survival analysis was performed
of all 21 CP samples using the SPSS version 22.0 software
(IBM Corp. Chicago, IL, USA). Kaplan-Meier curve and

Table 2: Results of KEGG enrichment for the differentially expressed genes.

Category Term Count % p value Genes

Low
expression

KEGG_
PATHWAY

hsa04972: pancreatic secretion 3 5.454545 0.009187 CEL, ATP2B3, GNAS

KEGG_
PATHWAY

hsa04261: adrenergic signaling
in cardiomyocytes

3 5.454545 0.019518 ATP2B3, CACNB2, GNAS

High
expression

KEGG_
PATHWAY

hsa05200: pathways in cancer 18 5.625 1:66E − 04
PTGER3, PTGS2, ERBB2, CDH1, GLI3, MMP2, CTNNB1,
JUP, MAPK1, CBLC, ITGA6, RAC2, JUN, SLC2A1, RAC1,

LAMC1, HHIP, FGF1

KEGG_
PATHWAY

hsa04510: focal adhesion 14 4.375 2:41E − 05 ERBB2, TNC, ITGB5, FLNA, MYL9, CTNNB1, MAPK1,
ITGA6, RAC2, JUN, RAC1, LAMC1, SPP1, PARVA

KEGG_
PATHWAY

hsa05205: proteoglycans in
cancer

13 4.0625 8:27E − 05 LUM, ERBB2, ITGB5, TLR4, MMP2, FLNA, CTNNB1,
CBLC, MAPK1, SDC1, CD44, RAC1, MSN

KEGG_
PATHWAY

hsa04151: PI3K-Akt signaling
pathway

12 3.75 0.022876
MAPK1, SGK1, YWHAZ, ITGA6, TNC, RAC1, YWHAB,

ITGB5, TLR4, LAMC1, FGF1, SPP1

KEGG_
PATHWAY

hsa04810: regulation of actin
cytoskeleton

11 3.4375 0.001989
MAPK1, ENAH, ITGA6,

RAC2, CHRM3, RAC1, ITGB5,
ITGB2, MSN, FGF1, MYL9

KEGG_
PATHWAY

hsa05412: arrhythmogenic
right ventricular

cardiomyopathy (ARVC)
8 2.5 9.23E-05

JUP, ITGA6, DSG2, ITGB5, GJA1, DSP, CACNA2D3,
CTNNB1

Table 3: The six clusters obtained from module analysis using MCODE.

Cluster Score (density∗#nodes) Nodes Edges Node IDs

1 6 9 24
CCL5, PPBP, APLNR, ANXA1,

GPR65, F2RL1, PTGER3, CHRM3, APP

2 5 5 10 GBP6, HLA-DPA1, HLA-DPB1, CD44, IRF6

3 4.5 5 9 TOP2A, ENTPD3, RRM1, TYMS, RRM2

4 4 4 6 XYLT1, BGN, SDC1, CSPG4

5 3 3 3 LRRFIP1, FGF1, ERLIN2

6 3 3 3 ITGA6, YWHAB, YWHAZ
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Cox’s proportional hazards regression model were per-
formed to analyze the overall survival, and the differences
were analyzed for significance using the log-rank test. The
statistically significant modules were defined as those with
p < 0:05.

3. Results

3.1. Identification of Aberrant DEGs in CP. We used the
‘limma’ package with the preprocessing parameters to ana-
lyze and obtain the DEGs among the GSE94349 and
GSE26966 datasets. Using p < 0:05 and jlogFCj ≥ 2 as the
threshold criteria, a total of 384 DEGs were identified,
including 56 downregulated and 328 upregulated genes in
CP tissues as compared to the normal pituitary tissues

(Figure 1(a)). These DEGs are shown in the volcano map
(Figure 1(b)).

3.2. GO Functional Enrichment Analysis. Significant terms
from GO enrichment analysis using DAVID are listed in
Table 1. All the significant genes with a low expression are
listed in the table. These genes were enriched in the biolog-
ical processes (BP) involved in negative regulation of cilium
assembly, endothelial cell apoptosis, regulation of transcrip-
tion, DNA template, calcium ion transmembrane transport,
and eye photoreceptor cell development. The results from
DAVID analyses showed that there were no genes with a
low expression enriched in molecular functions (MF) and
cell components (CC). For the genes with a high expression,
Table 1 shows the corresponding top five significant GO

Figure 2: Cluster analysis of the PPI network. Three-hundred and differently eighty-four expressed genes were filtered into the DEGs’ PPI
network complex.
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enrichment terms analyzed in DAVID. Molecular functions were enriched in cell adhesion molecule binding,

Network heatmap plot, selected genes
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Figure 3: WGCNA for the GSE94349 and GSE26966 datasets. (a) The top image shows a gene dendrogram, and the bottom image shows
the gene modules with different colors. (b) Correlation between modules and traits. The upper number in each cell refers to the correlation
coefficient of each module in the trait, and the lower number is the corresponding p value. Among them, the turquoise modules were the
most relevant modules with cancer traits. (c) A heatmap of 1,000 genes was selected at random. The intensity of the red color indicates
the strength of the correlation between pairs of modules on a linear scale. (d) A scatter plot of CP tissues and normal pituitary tissues in
the turquoise module. Intramodular analysis of the genes found in the turquoise module, which contains genes that have a high
correlation with cervical cancer, with p < 1e − 200 and correlation = 0:99.
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glycoprotein binding, signal transducer activity, cadherin
binding involved in cell-cell adhesion, and protein binding.
Additionally, cellular component enrichment was found in
focal adhesion, extracellular exosome, cell surface, extracel-
lular space, and extracellular matrix while biological pro-
cesses enrichment was found in cell adhesion, extracellular
matrix organization, single organismal cell-cell adhesion,
cellular response to low-density lipoprotein particle stimu-
lus, and wound healing.

3.3. KEGG Pathway Analysis. As shown in Table 2, the
results of KEGG suggested genes with a low expression were
significantly enriched in pathways including adrenergic sig-
naling and pancreatic secretion in cardiomyocytes. Genes
with a high expression demonstrated enrichment in path-
ways of cancer, focal adhesion, proteoglycans in cancer,
leishmaniasis, lysosome, PI3K-Akt signaling, and arrhyth-
mogenic right ventricular cardiomyopathy (ARVC).

3.4. PPI Network and Cluster Analysis. The PPI network was
constructed using the STRING database. The Cytoscape
software was used to analyze the interactive relationships
among the candidate proteins. Module analysis was con-
ducted using MCODE (Table 3). In the clusters, the follow-
ing 29 genes: CCL5/PPBP/APLNR/ANXA1/GPR65/F2RL1/
PTGER3/CHRM3/APP/GBP6/HLA-DPA1/HLA-DPB1/
CD44/IRF6/TOP2A/ENTPD3/RRM1/TYMS/RRM2/
XYLT1/BGN/SDC1/CSPG4/LRRFIP1/FGF1/ERLIN2/
ITGA6/YWHAB/YWHAZ, were found to form the hub
according to the MCODE findings (Figure 2).

3.5. WGCNA. Among the modules, the ‘turquoise’ one was
found to be the most relevant for the cancer traits
(Figures 3(a) and 3(b)). A total of 1,000 genes were selected
at random for plotting the heatmap (Figure 3(c)). As shown
in Figure 3(d), the ‘turquoise’ module showed a high corre-
lation. The genes in this module were then selected as the
hub genes with a cut-off of correlation ≥ 0:5. Finally, 205
hub genes were identified from the chosen ‘turquoise’
module.

3.6. Key Genes Identified among Hub Genes in Turquoise
Module and DEGs. To obtain valuable clues from these data,
key genes were identified from among the hub genes in the
turquoise module and DEGs. In total, four key genes were
obtained, namely PPBP, CD44, SDC1, and ITGA6
(Figure 4(a)).

3.7. Western Blotting and the Survival Curve Analyses. From
the selected 8 tissues, only ITGA6 showed a low expression
in all normal pituitary tissues (Figure 4(b)). Besides, in the
tissues C1, C2, and C4, ITGA6 was overexpressed. As shown
in Figure 5, the expression of ITGA6 was significantly differ-
ent between the CP and pituitary tissues.

Further, survival analysis for these four genes was
employed to evaluate their effects on the overall survival of
patients with CP. No significant differences were obtained
in patients with CP showing differential levels of CD44,
SDC1, and PPBP expressions (Figures 6(a)–6(c)). The
results of the survival analysis indicated that the overall

Hubgenes
in DEGs

(29)

Turquoise
modules

(205)
4

(a)

IGTA6 (CD49f)

SDC1

PPBP (CLCX7)

CD44

C1 C2 C3 C4 T1 T2 T3 T4
+++ +++ ++ ++++ +++ – –

+++++ + +++ ++ ++ +

–++++ +++ + + ++ ++

++++ ++ + ++ + +

IGTA6 (CD49f)

SDC1

PPBP (CLCX7)

CD44

(b)

Figure 4: The key intersecting genes obtained from Venn diagram of DEGs and verified by Western blot. (a) A Venn diagram of DEGs and
hub genes in the turquoise module shows 4 key intersecting genes. (b) Results verified by Western blot and obtained from the selected 8
samples. Abbreviations: C1-C4: craniopharyngioma tissues No.1-No.4; P1-P4: pituitary tissues No.1-No.4.
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survival time of CP pantients could have significant differ-
ences between the high ITGA6 expression group and low
ITGA6 expression group (Figure 6(d)).

4. Discussion

4.1. Main Finding. Neoplasm remains the main leading
cause of death worldwide. Although CP is a benign slow-
growing tumor [12], it appears partially aggressive and has
an arachnoid interface with surrounding structures, thus
rendering it incurable [12–15]. Hence, studies on invasion

and the migration of CP are becoming increasingly popular.
Previous studies show that the tumor microenvironment of
craniopharyngioma has some particular characteristics, such
as infiltration of leukocytes, a local abundance of adenosine
triphosphate (ATP) and elevated levels of proinflammatory
cytokines that are thought to be responsible for the local
invasion. Yin et al. show that CXCL12/CXCR4 promotes
proliferation, migration, and invasion of adamantinomatous
CP via the PI3K/AKT signaling pathway [16]. In this study,
using the GEO datasets and clinical samples, we aimed to
identify new prognosis predictors for this disease.
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Figure 6: Survival analysis according to the levels of CD44, SDC1, PPBP, and ITGA6 expressions. (a) Effects of CD44 expression on
craniopharyngioma patient survival. (b) Effects of SDC1 expression on craniopharyngioma patient survival. (c) Effects of PPBP
expression on craniopharyngioma patient survival. (d) Effects of ITGA6 expression on craniopharyngioma patient survival.
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4.2. Interpretation. Herein, we collected two GEO datasets
and performed an integrated analysis using both DEGs and
WGCNA to obtain valuable clues. A total of 384 DEGs were
identified, including 56 downregulated genes and 328 upreg-
ulated genes in CP tissues compared to normal tissues.
Enrichment analyses using GO annotation and KEGG path-
ways were subsequently performed to further analyze the
functions of these genes. As suggested by the results of the
DAVID analysis, genes with a high expression in CP tissues
were enriched in biological processes of pathways in cell
adhesion, extracellular matrix organization, and wound
healing. Molecular functions from GO analysis showed
enrichment in cell adhesion molecule binding, glycoprotein
binding, and protein binding. This was reasonable as fre-
quent cellular proliferation and loss of cell adhesion are hall-
marks of malignant diseases including CP [17]. The results
of the KEGG pathway enrichment analysis suggested signif-
icant enrichment in pathways including PI3K-Akt signaling
and regulation of actin cytoskeleton. This was consistent
with the fact that PI3K-Akt signaling is known to be fre-
quently dysregulated in CP [16].

Four key genes identified from among the hub genes,
PPBP (CXCL7), CD44, SDC1, and ITGA6 (CD49f), were
selected for further experimental analyses. A total of four
CP and four normal pituitary samples were processed for
Western blotting, and we found the differential expressions
of the four tested genes. After analyzing the results of West-
ern blotting, ITGA6 was selected as the target gene to per-
form survival analysis.

Many studies show that ITGA6 is overexpressed in sev-
eral carcinomas, including breast cancer, colorectal cancer,
kidney cancer, and gallbladder carcinoma [18–20]. More-
over, the overexpression of ITGA6 suggests a poor prognosis
in breast, colorectal, kidney, and gallbladder cancers. For
instance, Zhang et al. report that ITGA6 overexpression is
associated with invasion, metastases, and poor prognoses
in human gallbladder carcinoma [19]. Several studies sug-
gest that ITGA6 expression is associated with the progres-
sion and invasion of malignant lesions [21, 22].

Several researchers have invented new ways to inhibit
the growth of cancers by targeting ITGA6 [23–25]. Wang
et al. have successfully shown that miR-127-3p inhibits cel-
lular growth and invasiveness by targeting ITGA6 in human
osteosarcoma [24]. Laudato et al. report that P53-induced
miR-30e-5p inhibits colorectal cancer invasion and metasta-
ses by targeting ITGA6 and ITGB1 [25]. However, the
importance of ITGA6 in the CP remains unknown. Our
findings demonstrated that the overexpression of ITGA6
was associated with the overall survival of patients with
CP. The present study is, to the best of our knowledge, the
first to investigate the association among the important bio-
markers and characteristics of CP. Herein, the survival anal-
ysis indicated that ITGA6 was a poor prognostic factor for
CP, which means patients with a high expression of ITGA6
had a significantly shorter overall survival relative to those
with a low expression (p = 0:007).

4.3. Limitations. Although we found that IGTA6 affected the
overall survival of patients with CP, some limitations to this

investigation should be acknowledged. Further molecular
experiments are needed to confirm the findings on the
importance of ITGA6 for cellular invasion and proliferation
in CP. Moreover, the regulatory factors for the expression of
ITGA6 and the underlying pathways need further elucida-
tion. For instance, Zhang et al. show that Twist2 promotes
proliferation and invasion of kidney cancer cells by regulat-
ing ITGA6 and CD44 expressions in the ECM-receptor-
interaction pathway [26]. We plan to address these in the
future.

4.4. Conclusion. Several studies have been conducted over
the past few years to investigate the pathogenesis of CP,
yet little is known about the formation and progression of
this disease [27–32]. In summary, our findings indicated that
ITGA6 was significantly correlated with the survival of the
patients. Moreover, it can serve as a clinical prognostic
marker for CP. Further experiments shall be performed in
the future to confirm our findings.

Data Availability

The datasets used and/or analyzed during the current study
are available from corresponding author.

Ethical Approval

The study was approved by the Ethics Committee of Lan-
zhou University.

Consent

Written informed consent was obtained from all partici-
pants and their guardians.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Writing was done by Yanfei Jia and Wentao Wu. Experi-
ments were performed by Youchao Xiao, Lei Cao, and Ning
Qiao. Manuscript revision was done by Shijia Zhai. Figure
design and statistics were done by Kefan Cai and Songbai
Gui. Idea and supervision were provided by Qiang Li and
Tian Li. Yanfei Jia and Wentao Wu contributed equally to
this work.

Acknowledgments

This study was funded by the Gansu Province Science and
Technology Plan Project (Key Research and Develop Pro-
gram) (2020), fund code: 20YF8WA086.

References

[1] A. M. M. Daubenbüchel and H. L. Müller, “Neuroendocrine
disorders in pediatric craniopharyngioma patients,” Journal
of Clinical Medicine, vol. 4, no. 3, pp. 389–413, 2015.

10 Journal of Oncology



[2] M. E. Sughrue, I. Yang, A. J. Kane et al., “Endocrinologic, neu-
rologic, and visual morbidity after treatment for craniophar-
yngioma,” Journal of Neuro-Oncology, vol. 101, no. 3,
pp. 463–476, 2011.

[3] J. Zhu and C. You, “Craniopharyngioma: Survivin expression
and ultrastructure,” Oncology Letters, vol. 9, no. 1, pp. 75–80,
2015.

[4] P. K. Brastianos and S. Santagata, “BRAF V600E mutations in
papillary craniopharyngioma,” European Journal of Endocri-
nology, vol. 174, no. 4, pp. R139–R144, 2016.

[5] L. Iughetti and P. Bruzzi, “Obesity and craniopharyngioma,”
Italian Journal of Pediatrics, vol. 37, no. 1, pp. 1–6, 2011.

[6] R. Edgar and T. Barrett, “NCBI GEO standards and services
for microarray data,” Nature Biotechnology, vol. 24, no. 12,
pp. 1471-1472, 2006.

[7] S. E. Wilhite and T. Barrett, “Strategies to explore functional
genomics data sets in NCBI’s GEO database,” Methods in
Molecular Biology (Clifton, Nj), vol. 802, pp. 41–53, 2012.

[8] L. Xia, X. Su, J. Shen et al., “ANLN functions as a key candidate
gene in cervical cancer as determined by integrated bioinfor-
matic analysis,” Cancer Management and Research, vol. 10,
pp. 663–670, 2018.

[9] G. Su, J. H. Morris, B. Demchak, and G. D. Bader, “Biological
network exploration with Cytoscape 3,” Current Protocols in
Bioinformatics, vol. 47, pp. 8–13, 2014.

[10] G. D. Bader and C. W. Hogue, “An automated method for
finding molecular complexes in large protein interaction net-
works,” BMC Bioinformatics, vol. 4, no. 1, pp. 1–27, 2003.

[11] P. Langfelder and S. Horvath, “WGCNA: an R package for
weighted correlation network analysis,” BMC Bioinformatics,
vol. 9, no. 1, pp. 1–13, 2008.

[12] M. R. Garnett, S. Puget, J. Grill, and C. Sainte-Rose, “Cranio-
pharyngioma,” Orphanet Journal of Rare Diseases, vol. 2,
p. 18, 2007.

[13] Y. Liu, S. T. Qi, C. H. Wang et al., “Pathological relationship
between adamantinomatous craniopharyngioma and adjacent
structures based on QST classification,” Journal of Neuropa-
thology and Experimental Neurology, vol. 77, no. 11,
pp. 1017–1023, 2018.

[14] M. B. S. Lopes, “The 2017 World Health Organization classifi-
cation of tumors of the pituitary gland: a summary,” Acta Neu-
ropathologica, vol. 134, no. 4, pp. 521–535, 2017.

[15] J. Nie, G. L. Huang, S. Z. Deng et al., “The purine receptor
P2X7R regulates the release of pro-inflammatory cytokines
in human craniopharyngioma,” Endocrine-Related Cancer,
vol. 24, no. 6, pp. 287–296, 2017.

[16] X. Yin, Z. Liu, P. Zhu, Y. Wang, Q. Ren, H. Chen et al.,
“CXCL12/CXCR4 promotes proliferation, migration, and
invasion of adamantinomatous craniopharyngiomas via
PI3K/AKT signal pathway,” Journal of Cellular Biochemistry,
vol. 120, no. 6, pp. 9724–9736, 2019.

[17] J. Liu, H. Li, L. Sun, Z. Wang, C. Xing, and Y. Yuan, “Aber-
rantly methylated-differentially expressed genes and pathways
in colorectal cancer,” Cancer Cell International, vol. 17, no. 1,
pp. 1–10, 2017.

[18] H. J. Zhang, J. Tao, L. Sheng et al., “Twist2 promotes kidney
cancer cell proliferation and invasion by regulating ITGA6
and CD44 expression in the ECM-receptor interaction path-
way,” OncoTargets and Therapy, vol. 9, p. 1801, 2016.

[19] D. H. Zhang, Z. L. Yang, E. X. Zhou et al., “Overexpression of
Thy1 and ITGA6 is associated with invasion, metastasis and

poor prognosis in human gallbladder carcinoma,” Oncology
Letters, vol. 12, no. 6, pp. 5136–5144, 2016.

[20] E. Herring, S. Kanaoka, É. Tremblay, and J. F. Beaulieu, “Drop-
let digital PCR for quantification of ITGA6 in a stool mRNA
assay for the detection of colorectal cancers,” World Journal
of Gastroenterology, vol. 23, no. 16, pp. 2891–2898, 2017.

[21] V. Carloni, A. Mazzocca, P. Pantaleo, C. Cordella, G. Laffi, and
P. Gentilini, “The integrin, alpha6beta1, is necessary for the
matrix-dependent activation of FAK and MAP kinase and
the migration of human hepatocarcinoma cells,” Hepatology,
vol. 34, no. 1, pp. 42–49, 2001.

[22] S. O. Yoon, S. Shin, and E. A. Lipscomb, “A novel mechanism
for integrin-mediated ras activation in breast carcinoma cells:
the alpha6beta4 integrin regulates ErbB2 translation and
transactivates epidermal growth factor receptor/ErbB2 signal-
ing,” Cancer Research, vol. 66, no. 5, pp. 2732–2739, 2006.

[23] J. Yuan, P. Li, H. Pan, Y. Li, Q. Xu, T. Xu et al., “miR-542-5p
attenuates fibroblast activation by targeting integrin alpha6
in silica-induced pulmonary fibrosis,” International Journal
of Molecular Sciences, vol. 19, no. 12, p. 3717, 2018.

[24] D. Wang, L. Tang, H. Wu, K. Wang, and D. Gu, “MiR-127-3p
inhibits cell growth and invasiveness by targeting ITGA6 in
human osteosarcoma,” IUBMB Life, vol. 70, no. 5, pp. 411–
419, 2018.

[25] S. Laudato, N. Patil, M. L. Abba et al., “P53-induced miR-30e-
5p inhibits colorectal cancer invasion and metastasis by target-
ing ITGA6 and ITGB1,” International Journal of Cancer,
vol. 141, no. 9, pp. 1879–1890, 2017.

[26] H. J. Zhang, J. Tao, L. Sheng et al., “Retracted: Twist2 promotes
kidney cancer cell proliferation and invasion via regulating
ITGA6 and CD44 expression in the ECM-Receptor-
Interaction pathway,” Biomedicine & Pharmacotherapy = Bio-
medecine & Pharmacotherapie, vol. 81, pp. 453–459, 2016.

[27] G. Barkhoudarian and E. R. Laws, “Craniopharyngioma: his-
tory,” Pituitary, vol. 16, no. 1, pp. 1–8, 2013.

[28] L. Chunhui, L. Chuzhong, L. Zhenye, S. Yilin, and Z. Yazhuo,
“Malignant transformation of radiotherapy-naive craniophar-
yngioma,” World Neurosurgery, vol. 88, pp. 690.e1–690.e5,
2016.

[29] J. C. Fernandez‐Miranda, P. A. Gardner, C. H. Snyderman
et al., “Craniopharyngioma: a pathologic, clinical, and surgical
review,” Head & Neck, vol. 34, no. 7, pp. 1036–1044, 2012.

[30] J. C. Martinez-Gutierrez, M. R. D'Andrea, D. P. Cahill,
S. Santagata, F. G. Barker 2nd, and P. K. Brastianos, “Diagnosis
and management of craniopharyngiomas in the era of geno-
mics and targeted therapy,” Neurosurgical Focus, vol. 41,
no. 6, p. E2, 2016.

[31] P. Mortini, “Craniopharyngiomas: a life-changing tumor,”
Endocrine, vol. 57, no. 2, pp. 191-192, 2017.

[32] A. N. Savateev, Y. Y. Trunin, and N. A. Mazerkina, “Radio-
therapy and radiosurgery in treatment of craniopharyngio-
mas,” Zhurnal Voprosy Neirokhirurgii Imeni N N Burdenko,
vol. 81, no. 3, pp. 94–106, 2017.

11Journal of Oncology


	Integrin α6 Indicates a Poor Prognosis of Craniopharyngioma through Bioinformatic Analysis and Experimental Validation
	1. Introduction
	2. Methods
	2.1. Microarray Data
	2.2. Data Processing
	2.3. GO Term Annotation and KEGG Pathway Enrichment Analyses
	2.4. Protein-Protein Interaction (PPI) Network Construction
	2.5. Weighted Correlation Network Analysis (WGCNA)
	2.6. Identification of Key Genes
	2.7. Tissue Collection
	2.8. Western Blotting
	2.9. Survival Analysis

	3. Results
	3.1. Identification of Aberrant DEGs in CP
	3.2. GO Functional Enrichment Analysis
	3.3. KEGG Pathway Analysis
	3.4. PPI Network and Cluster Analysis
	3.5. WGCNA
	3.6. Key Genes Identified among Hub Genes in Turquoise Module and DEGs
	3.7. Western Blotting and the Survival Curve Analyses

	4. Discussion
	4.1. Main Finding
	4.2. Interpretation
	4.3. Limitations
	4.4. Conclusion

	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



