
ONCOLOGY LETTERS  16:  6307-6314,  2018

Abstract. Polypeptide‑N‑acetyl‑galactosaminlytransferase 
7 (GALNT7), a member of the GalNAc‑transferase family, 
has not been previously evaluated as a prognostic factor of 
glioblastoma (GBM) or low‑grade glioma (LGG). Based 
on The Cancer Genome Atlas database and bioinformatics 
analyses, the expression of GALNT7 was demosntrated to 
be higher in GBM and LGG tissues than in normal brain 
tissue. The expression levels of GANLT7 were associated 
with age, tumor grade, survival rate, disease‑free survival 
time and overall survival time. Gene correlation and gene‑set 
enrichment analyses suggested that GALNT7 may affect the 

proliferative and invasive abilities of glioma cells through 
multiple signaling pathways, including regulation of the actin 
cytoskeleton, natural killer cell‑mediated cytotoxicity, the 
janus kinase‑signal transducer and activator of transcription 
(STAT) signaling pathway, cell adhesion molecules and extra-
cellular matrix receptor interaction pathways. Furthermore, 
5 target genes of GALNT7 involved in these signaling 
pathways were identified, including Crk, Rac family small 
GTPase 1 , STAT3, poliovirus receptor and Tenascin C. In 
summary, high expression of GALNT7 was associated with 
poor prognosis of glioma, and may be used as an effective 
biomarker of glioma.

Introduction

Glioma is the most common and aggressive type of tumor 
of the human central nervous system (CNS). The annual 
incidence of glioma has been reported as 30~80/1 million 
worldwide (1). Regarding pathological grade, glioma includes 
glioblastoma (GBM) and low‑grade glioma (LGG). Currently, 
standard treatments for glioma include chemoradiotherapy 
and targeted therapy, which are administered following 
maximum surgical resection (2‑5). The prognosis of glioma 
was reported to have a 5‑year survival rate of ~10‑20% (6). 
Therapeutic techniques for increasing the survival rate and 
improving quality of life of patients with glioma in the 
neurosurgical field (7,8). 

Polypeptide‑N‑acetyl‑galactosaminlytransferase 7 
(GALNT7) is a member of the N‑acetyl‑D‑galactosamine‑ 
transferase family. The enzyme encoded by this gene controls 
the initiation step of mucin‑type O‑linked protein glycosylation 
and transfers N‑acetyl galactosamine to serine and threonine 
amino acid residues (9). Previous studies have indicated that 
GALNT7 can influence the prognoses of multiple types of 
malignant tumor, including cervical  (10), esophageal  (11) 
and liver cancer (12), as well as renal cell carcinoma (13), by 
affecting cell proliferation, metastasis, apoptosis, migration, 
differentiation and invasion (14‑17). 

The Cancer Genome Atlas (TCGA) is a publicly funded 
project that aims to catalogue and identify major cancer‑causing 
genomic alterations, to create a comprehensive ‘atlas’ of 
genomic profiles of various types of cancer. To date, the 
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program has investigated >30 types of human tumor, including 
GBM and LGG, through large‑scale genome sequencing and 
integrated multi‑dimensional analyses (18). To the best of our 
knowledge, the present study is the first to investigate the role 
of GALNT7 in glioma, using GBM and LGG RNA‑seq data 
downloaded from the TCGA database.

Materials and methods

Data collection. The RNA‑seq expression and clinical data 
of 174 patients with GBM and 529 patients with LGG were 
obtained from TCGA (using the search terms: GBM and 
LGG, level 3 and RNA‑seq; https://cancergenome.nih.gov/). 
Complete gene expression data, clinical data and definite 
pathological diagnosis was available for all included patients. 
RNA‑seq expression data for 114 normal brain tissues were 
download from the GTEx project (https://www.gtexportal.
org/home/; Brain‑Cortex‑GTEx, RNA‑seq) and used as the 
control group (19). 

Statistical analysis. SPSS 21.0 (IBM Corp., Armonk, NY, 
USA) was used for data processing. Quantitative data are 
expressed as the mean  ±  standard deviation (x  ±  s). Two 
samples were compared by t‑test and multiple comparisons 
were performed by one‑way analysis of variance followed by 
Least‑Significant‑Difference test. Qualitative data were 
expressed as a percentage (%) and analyzed by χ2. Survival 
analysis was performed using Cox regression and Kaplan‑Meier 
analysis (P<0.05). Gene‑set enrichment analysis was performed 
using GSEA (version, 2.2.1; http://software.broadinstitute.
org/gsea/downloads.jsp) from the Molecular Signatures 
Database (v6.3 MsigDB; Broad Institute, Inc., Massachusetts 
Institute of Technology, and Regents of the University of 
California). According to default‑weighted enrichment, the 
cut‑offs for the number of random combinations was 1,000, for 
nominal P‑values (NOM P‑val) <0.05, and false discovery 
rates (FDR), <0.25. Pearson correlation coefficient was used to 
assess the association between the expression of 2 genes. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

GALNT7 expression is positively associated with glioma 
malignancy. GALNT7 expression levels were significantly 
higher in glioma, particularly in GBM, compared with the 
negative control samples (P<0.05). This indicates a positive 
association between GALNT7 expression and glioma malig-
nancy (Table I; Fig. 1A).

Association between GALNT7 expression and clinical char‑
acteristics. GALNT7 was expressed at different levels in 
normal brain tissues and glioma tissues. In order to investigate 
the effect of its expression in glioma, GALNT7 expression in 
normal brain tissue from GTEx was employed as the cut‑off 
value, and TCGA data regarding expression of GALNT7 in 
glioma tissue were divided into high (HIGH) and low (LOW) 
groups. The association between GALNT7 expression levels 
and clinical characteristics of patients with glioma was 
analyzed using t‑test. The results demonstrated that expression 

level was not associated with sex, but it was associated with 
age, tumor grade and survival rate (Table II).

Negative association between GALNT7 expression and 
survival time. Using the median GALNT7 expression value 
as the standard, GALNT7 expression data were divided into 
HIGH GALNT7 transcripts per million (TPM) and LOW 
GALNT7 TPM groups. Cox survival analysis demonstrated a 
regression coefficient (B) of 0.102 (P<0.05; Table III). Together 
with Kaplan‑Meier survival analysis, this suggests that patients 
with glioma exhibiting high expression of GALNT7 have 
relatively shorter disease‑free (Fig. 1B) and overall (Fig. 1C) 
survival times than those exhibiting low expression. 

GSEA and prediction of co‑expressed genes. Based on 
the KEGG database (20), the results of GSEA (NOM P‑val 
<0.05; FDR<0.25) indicated 6 pathways associated with 
glioma, including ‘regulation of the actin cytoskeleton’ 
(Fig. 2A), ‘natural killer cell‑mediated cytotoxicity’ (Fig. 2B), 
‘JAK‑STAT signaling’ (Fig. 2C), ‘cell adhesion molecules’ 
(‘CAMs’) (Fig. 2D) and ‘ECM‑receptor interaction’ (Fig. 2E). 
In order to predict genes that are co‑expressed, Pearson's 
correlation analysis was used to determine the correlation 
between GALNT7 expression and all genes associated with 
these signaling pathways. As a result, Crk (Fig. 2F), RAC1 
(Fig. 2G), STAT3 (Fig. 2H), PVR (Fig. 2I) and Tnc (Fig. 2J) 
were identified as potential target genes. Crk participates in 
regulating the ‘actin cytoskeleton’ pathway, RAC1 is involved 
in the ‘natural killer cell mediated cytotoxicity’ pathway and 
STAT3 is associated with the ‘JAK‑STAT’ signaling pathway. 
Also, PVR participates in the ‘CAMs’ pathway and Tnc is 
involved in the ‘ECM‑receptor interaction’ pathway. 

Differential and survival analysis of co‑expressed genes in 
glioma. Differential analyses demonstrated that Crk (Fig. 3A) 
expression is positively associated with the malignancy of 
glioma; positive association was also observed with RAC1 
(Fig. 3B), STAT3 (Fig. 3C), and Tnc (Fig. 3E). PVR (Fig. 3D) 
highly expressed in GBM, but expressed lower than normal 
brain tissue in LGG (P<0.05). Survival analyses demon-
strate that disease‑free time was negatively correlated with 
the expression of RAC1 (Fig. 4B), STAT3 (Fig. 4C), PVR 
(Fig. 4D) and Tnc (Fig. 4E), but not Crk (Fig. 4A). Meanwhile, 
the expression levels of Crk (Fig. 4F), RAC1 (Fig. 4G), STAT3 
(Fig. 4H), PVR (Fig. 4I) and Tnc (Fig. 4J) were negatively 
correlated with overall survival time (P<0.05).

Table I. Differential analysis of GLANT7 RNA‑seq expression.

		  mean ± standard
Group	 No.	 deviation	 F	 P‑value

GBM	 174	 3.46±1.38	 15.37	 <0.05
LGG	 529	 2.92±1.58
Normal	 114	 2.46±1.58

GBM, glioblastoma; LGG, low‑grade glioma. F, one‑way ANOVA 
value.
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Discussion

Glioma is divided into 4 grades according to the World Health 
Organization standard (1): Grade I, pilocytic astrocytoma, 
which manifests as a benign tumor and patients may have a full 
recovery following total tumor resection; Grade II, includes 
oligoastrocytoma and diffuse astrocytoma, it has a poorer 
prognosis compared with Grade I, but is still considered to 
be LGG (2); Grade III, includes anaplastic astrocytoma, and 

Grade IV, GBM. Grade III and IV tumors are associated 
with high degrees of malignancy, strong invasive abilities, 
poor prognosis and multiple differentiation potentials (3,21). 
The present study aimed to reveal the association between 
GALNT7 expression and glioma by identifying co‑expressed 
genes and relevant signaling pathways.

Firstly, a positive correlation between GALNT7 expression 
and the malignancy of glioma was assessed by analyzing TCGA 
glioma datasets. Cox and Kaplan‑Meier survival analyses 

Figure 1. Differential expression and survival analysis of GLANT7 in glioma. (A) Tumor tissue, red; normal tissue, blue. GLANT7 expression was higher 
in GBM and LGG than in normal brain tissue. Cox regression and Kaplan‑Meier analyses suggest that patients with glioma exhibiting high expression of 
GALNT7 had relatively shorter (B) disease‑free and (C) overall survival times. *P<0.05. GLANT7, polypeptide‑N‑acetyl‑galactosaminlytransferase 7; GBM, 
gliblastoma; LGG, low‑grade glioma; TPM, transcripts per million.

Table II. Clinical characteristics of patients with glioma.

Characteristics	 No.	 Low GALNT7 expression (%)	 High GALNT7 expression (%)	 χ2	 P‑value

Age (years)				    10.46	 <0.05
  <40	 274	 132 (48.2)	 142 (51.8)
  ≥42	 414	 149 (36.0)	 265 (64.0)
Sex				    0.05	 0.82
  Male	 393	 162 (41.2)	 231 (58.8)
  Female	 295	 119 (40.3)	 176 (59.7)
Grade				    38.37	 <0.05
  G2	 257	 138 (53.7)	 119 (46.3)
  G3	 263	 104 (39.5)	 159 (60.5)
  G4	 168	 39 (23.2)	 129 (76.8)
Survival status				    38.456	 <0.05
  Not alive	 416	 209 (50.2)	 207 (49.8)
  Alive	 272	 72 (26.5)	 200 (73.5)

GLANT7, polypeptide‑N‑acetyl‑galactosaminlytransferase 7. Part of the follow up data from TCGA was missing, including 6 patients with 
GBM and 9 patients with LGG. Therefore these patients were excluded from form Table II.

Table III. Cox regression analysis of GALNT7 expression.

GALNT7	 B	 SE	 Wald	 df	 P‑value	 HR	 95% Confidence intervals

	 0.10	 0.02	 30.94	 1	 <0.05	 1.11	 (1.07,1.15)

GLANT7, polypeptide‑N‑acetyl‑galactosaminlytransferase 7; B, regression coefficient; SE, standard error; Wald, χ2 value; df, degree of 
freedom; HR, hazard ratio.
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Figure 2. Gene‑set enrichment analysis and co‑expression prediction. The results of GSEA (Nominal P‑value <0.05, false discovery rate <0.25) indicated six 
pathways up‑regulated by GALNT7 and associated with glioma, including (A) ‘regulation of actin cytoskeleton’, N (B) ‘natural killer cell‑mediated cytotox-
icity’, (C) JAK‑STAT signaling pathway, (D) ‘Cell adhesion molecules’, (E) ‘ECM‑receptor interaction’. The  potential target genes identified by Pearson's 
correlation coefficient included (F) ‘Crk’, (G) RAC1, (H) STAT3, (I) PVR, and (J) Tnc (P<0.05). Crk functions in the ‘regulation of actin cytoskeleton’ 
pathway, RAC1 functions in the ‘natural killer cell mediated cytotoxicity’ pathway, STAT3 functions in the ‘JAK‑STAT signaling’ pathway, PVR functions 
in the ‘Cell adhesion molecules’ pathway, and Tnc functions in the ‘ECM‑receptor interaction’ pathway. GSEA, gene set enrichment analysis; GALNT7, 
polypeptide‑N‑acetyl‑galactosaminlytransferase 7; JAK, janus kinase; STAT, signal transducer and activator of transcription; ECM, extracellular matrix; 
PVR, poliovirus receptor; Tnc, Tenascsin C.

Figure 3. Differential analysis of co‑expressed genes in glioma. Tumor tissue, red; normal tissue, blue. Differential analyses revealed that (A) Crk, (B) RAC1, 
(C) STAT3 and (E) Tnc expression was positively associated with the malignancy of glioma. (D) PVR was highly expressed in GBM, but expressed at a 
lower level than in normal brain tissue in LGG (P<0.05). RAC1, Rac family amall GTPase 1; STAT3, signal transducer and activator of transcription 3; Tnc, 
Tenascsin 3; PVR, poliovirus receptor; GBM, glioblastoma; LGG, low‑grade glioma.
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demonstrated that patients with glioma exhibiting high expres-
sion levels of GALNT7 had relatively short disease‑free and 
overall survival times. Therefore, high expression levels of 
GALNT7 may affect the prognosis of glioma.

Correlation analyses suggested that Crk, RAC1, STAT3, 
PVR and Tnc are genes that are co‑expressed with GALNT7. 
Survival and differential analyses demonstrated that the 
expression of Crk, RAC1, STAT3, PVR and Tnc are positively 
associated with the malignancy of glioma, and are negatively 

associated with survival time. These results were consistent 
with those of previous studies, which indicated that high 
expression levels of Crk, RAC1, STAT3, PVR and Tnc were 
associated with poor prognosis by promoting the invasion, 
proliferation and other biological functions of glioma (22‑27). 
Therefore, we speculate that GALNT7 may affect the progres-
sion of glioma by upregulating the expression of target genes 
through relevant signaling pathways. Based on this hypothesis, 
GSEA (28,29) was used to identify such relevant signaling 

Figure 4. Survival analysis of co‑expressed genes in glioma. (A) Kaplan‑Meier survival analysis revealed that the expression of Crk was not associated with 
disease‑free survival time (P>0.05), whereas that of (B) RAC1, (C) STAT3, (D) PVR, and (E) Tnc were negatively associated with disease‑free survival time 
(P<0.05). Overall survival time was negatively associated with the expression of (F) Crk, (G) RAC1, (H) STAT3, (I) PVR and (J) Tnc (P<0.05). RAC1, Rac 
family amall GTPase 1; STAT3, signal transducer and activator of transcription 3; PVR, poliovirus receptor; Tnc, Tenascsin 3.
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pathways. As a result, 5 signaling pathways associated with 
GALNT7 and glioma were identified, including ‘regulation 
of the actin cytoskeleton’, ‘natural killer cell‑mediated cyto-
toxicity’, ‘JAK‑STAT signaling’, ‘CAMs’ and ‘ECM‑receptor 
interaction’ pathways. Specific target genes of GALNT7 
participate in each signaling pathway, and were subsequently 
evaluated.

There are a variety of intracellular actin binding proteins 
that regulate multiple cellular functions, including changes in 
the structure of the actin cytoskeleton, which occur through 
the binding or dissociating of the proteins with actin (30). 
Regulation of the actin cytoskeleton pathway governs the cell 
motility of glioma by regulating the locomotion of the cytoskel-
eton, and slows the recovery of patients with glioma (31,32). 
Crk participates in regulation of the ‘actin cytoskeleton 
pathway’, and its expression is associated with overall survival 
time of patients with glioma. Tsuda et al (22) demonstrate that 
overexpression of Crk can increase the invasive potential of 
cancer cells by notably inducing tyrosine phosphorylation 
of scaffolding molecules, including p130 (Cas) and paxillin 
through Src family tyrosine kinases, and stimulating the acti-
vation loop of intracellular signaling. Therefore, as a gene that 
is co‑expressed with Crk, GALNT7 promotes the invasion of 
glioma by upregulating Crk expression through regulation of 
the actin cytoskeleton pathway. 

NK cells form the first line of immune defense against 
tumors (33,34). Such cells destroy tumors by controlling cell 
proliferation, cytotoxicity and cytokine production in the early 
stages of tumor formation (35,36). RAC1 has been reported to 
be involved in the NK cell‑mediated cytotoxicity pathway (37). 
Former research suggests that high expression levels of RAC1 
inhibit the cytotoxic effects of NK cells by two mechanisms: 
Decreased interaction between NK and target cells; NK cells 
that do interact have a reduced ability to polarize their effector 
molecules towards target cells (38). Based on these results, 
coexpression with RAC1 and high expression of GALNT7 
inhibits the cytotoxic effects of NK cells by regulating the 
natural killer cell‑mediated cytotoxicity pathway, which 
leads to loss of control of glioma cell proliferation and poor 
prognosis. 

The JAK‑STAT signaling pathway is mainly formed of 
the tyrosine kinase associated receptor, JAK and STAT (39). 
Previous studies reported that the activation of the JAK‑STAT 
signaling pathway is associated with poor prognosis of 
glioma (40,41). Additionally, a previous study verified that 
high expression levels of STAT3 enhance the proliferation of 
glioma cells (24). In the present study, GALNT7 was coex-
pressed with STAT3, and high expression levels of STAT3 
were associated with poor prognosis of glioma. This suggests 
that GALNT7 may trigger and increase in glioma cell prolifer-
ation by activating the JAK‑STAT signaling pathway through 
upregulation of STAT3 expression.

CAMs are membrane and transmembrane glycoproteins 
that regulate intercellular, cell and extracellular matrix 
interactions, which are closely associated with cell adhesion, 
migration, differentiation and signal transduction  (42,43). 
CAMs are widely expressed in glioma and are regulated by 
the CAMs signaling pathway (44). PVR is involved in the 
CAMs signaling pathway, and can enhance the metastasis of 
glioblastoma through its over‑expression (45). As GALNT7 

is co‑expressed with PVR, GALNT7 may regulate the CAMs 
signaling pathway by up‑regulating PVR, thereby influencing 
tumor cell migration and affecting prognosis. 

ECM is mainly formed of insoluble components that 
contribute to the behavior and structure of stromal cells and 
epithelial vessels, respectively. The ECM constitutes collagen, 
elastin, proteoglycan and glycoprotein. ECM can influence cell 
differentiation, proliferation, adhesion, morphogenesis and 
phenotypic expression (46). Brösicke et al (47,48) proposed 
Tnc as a key gene in the ECM‑receptor interaction pathway and 
that high coexpression with GALNT7 occurs within glioma 
tissue, which is consistent with our research. Accumulating 
evidence also suggests that Tnc serves a crucial role in cell 
migration and invasion, the most malignant characteristics 
of glioma. Therefore, GALNT7 can affect the ECM‑receptor 
interaction pathway by upregulating the expression of Tnc; this 
mechanism may affect the invasion of glioma cells and lead to 
a poor prognosis of glioma.

In conclusion, high expression of GALNT7 was demon-
strated to be associated with poor prognosis of glioma, likely 
via promoting invasion and proliferation through multiple 
signaling pathways. Therefore, GALNT7 may be employed as 
a novel molecular target for the early detection, diagnosis and 
treatment of glioma.
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