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Background: Osteosarcoma (0S) is very common worldwide, and the mechanisms underlying its development remain un-
clear. This study aims to identify key genes promoting the reproduction, invasion, and transfer of osteosarco-
ma cells.

Material/Methods: Gene expression profile data (GSE42352 and GSE42572) were downloaded from the Gene Expression Omnibus
database. Differentially expressed genes were calculated using R software. Gene ontology and enriched pathway
analysis of mRNAs were analyzed by using FunRich. Verification of the genes was conducted by using quantita-
tive real-time polymerase chain reaction and western blot analyses to measure gene expression. Transwell and
wound-healing assays were performed on osteosarcoma cells after knockdown to detect whether the genes
enhanced the aggressiveness of osteosarcoma.

Results: In total, 34 genes were selected after filtering. Kyoto Encyclopedia of Genes and Genomes enrichment analysis
demonstrated that the genes were enriched in multiple tumor pathways. N-acetylgalactosaminyltransferase 1
(GALNT1) was identified for further study, and its expression was higher in osteosarcoma cells than in human
osteoblasts. The invasion ability of cells was significantly decreased after gene knockdown.

Conclusions: Through the use of microarray and bioinformatics analysis, differentially expressed genes were selected and a
complete gene network was constructed. Our findings provide new biomarkers for the treatment and progno-
sis of osteosarcoma. These biomarkers may contribute to the discovery of new therapeutic targets for clinical
application.
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Background

Osteosarcoma (OS) is the most common primary malignant
bone tumor in children and adolescents [1]. It usually occurs
in rapidly growing bone such as the distal femur, proximal tib-
ia, or humerus. In addition, it is a highly aggressive malignan-
cy that often metastasizes to the lungs and other organs [2].
With the use of adjuvant chemotherapy, the long-term survival
rate of individuals with OS has gradually increased from less
than 20% to about 65-70% in recent years, but some patients
are still at risk of amputation or death [3]. Further, the toxici-
ty of some chemotherapy drugs is unavoidable, which causes
adverse effects for patients. With the rapid development of
high-throughput sequencing technology and improved data
analysis techniques, it has become easier to find important
genes related to cancer [4]. The purpose of this study was to
investigate the biological significance of certain genes in the
prognosis of OS.

N-acetylgalactosaminyltransferase 1 (GALNT1) is a member of a
large family of Golgi resident polypeptide N-acetylgalactosamine
(GalNAc)-transferases (GALNT). It regulates mucin-type
0-glycosylation according to transfer of o-GalNAc from UDP-
GalNAc to Ser or Thr residues of proteins [5,6]. Previous stud-
ies reported that GALNT1 is highly expressed in a variety of
tumors, promotes tumor growth and metastasis, and is asso-
ciated with poor prognosis of tumors [5], including hepato-
cellular carcinoma [7], gastric cancer [8,9], renal cell carcino-
ma [10], and breast cancer [11]. However, the role of GALNT1
in OS has not been explored, and it is unknown whether it is
similar to that in other cancers.

In this study, we analyzed the differentially expressed genes
(DEGs) in OS and normal osteoblasts (nFOB1.19) through a bio-
informatics analysis. In addition, we used quantitative real-time
polymerase chain reaction (qRT-PCR), western blot, function-
al experiment, and other experiments to prove that GALNT1
is overexpressed in OS and promotes its invasion. We found
that high expression of GALNT1 may be associated with poor
prognosis in patients with OS.

Material and Methods

Microarray data

The Gene Expression Omnibus (GEO; https://www.ncbinlm.
nih.gov/gds) database is a gene expression database creat-
ed and maintained by the National Center for Biotechnology
Information (NCBI). It was founded in 2000 and contains high-
throughput gene expression data submitted by research in-
stitutions around the world. We downloaded gene expression
profile data (GSE42352 and GSE42572) from GEO. Dataset
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GSE42352 included 25 samples from healthy donors and 25
samples from patients with OS. Gene expression profiling anal-
ysis of these samples was performed on Illumina human-6 v2.0
expression beadchip (using nulDs as identifier) (GPL10295).
Dataset GSE42572 was processed by Illumina HumanWG-6
v2.0 expression beadchip (GPL13376). Mesenchymal stromal
cells were harvested from the iliac crest of 5 healthy donors
and 7 OS patients at diagnosis and cultured until passages 2-5,
after which cells were harvested and total RNA was isolated.

Functional and pathway enrichment analysis

FunRich (http://www.funrich.org) is publicly accessible software
that enables identifying enriched transcription factors and per-
forming Gene Ontology (GO) functional analysis of uploaded
DEGs. Kyoto Encyclopedia of Genes and Genomes (KEGG) en-
richment analysis was performed by using Cytoscape software.
ClueGO is a Cytoscape plug-in that visualizes the nonredun-
dant biological terms for large clusters of genes in a function-
ally grouped network. The network graph of ClueGO is created
based on kappa statistics. Each node in the graph represents
a term. The connection between nodes reflects the correla-
tion between terms, while the color of nodes reflects the en-
richment and classification of the node (i.e., which function-
al group it belongs to).

DEGS analysis

We used R software to compare the 2 groups of samples.
Furthermore, the absolute value of log2 fold change (|log2FC|)
>2 and P<0.05 were set as the cutoff criteria. If the results
met these criteria, they were considered to be statistically
significant.

Protein-protein interaction network analysis

The protein—protein interaction (PPI) network, which provides
information about the identified and predicted interactions be-
tween proteins, was performed by using String and Cytoscape
software. DEGs were then entered into the String. Genes that
scored »0.7 were considered significant. Then, the PPI network
was constructed using Cytoscape.

Cell transfection

The sh-GALNT1 sequence was cloned into pLKO.1 vector, and
the stable system with knockdown GALNT1 was construct-
ed for the next experiment. The sequence of sh-GALNT1
was shRNA1 (5’-CAAGAAGUCUGAGAUCUGGA-3’) and shR-
NA2 (5’-CCUAAUGCUCAUCUAUGUUG-3’). GALNT1 siRNA
was purchased from GenePharma Co. Ltd. (Suzhou, China).
Lipofecmine 2000 and Lipofectamine® RNAIMAX were pur-
chased from Thermo Fisher Scientific (Shanghai, China) and
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Table 1. The primers for quantitative real-time polymerase chain reaction, with GAPDH used as the control.

Forward Reverse

GALNT1 5’-CGCTGCAATCCAGACAGTAA-3’

5’-TGGTATCGTGGAAGGACTCATGAC-3

5’-TCCCAGATCCTGATCCAGAG-3’

5’-ATGCCAGTGAGCTTCCCGTTCAGC-3

used as the transfection reagents according to the manufac-
turer’s instructions.

Quantitative real-time PCR

Total RNA was extracted from OS cell lines using TRIzol reagents
(Invitrogen, Carlsbad, CA, USA) per the manufacturer’s instruc-
tions. The extracted RNA was reverse-transcribed into cDNA
using a PrimeScript™ RT kit with gDNA Eraser (TaKaRa, China).
We also performed qRT-PCR by using SYBR Select Master Mix
for CFX (Invitrogen) and the CFX Connect Real-Time PCR System
(BioRad) at 95°C for 15 s, followed by 40 cycles of 95°C for
5s, and 60°C for 34 s. The 222 method was used to analyze
and process the recorded data. The primer pairs are shown in
Table 1 [12]. GAPDH was used as the reference group to avoid
errors caused by RNA quantitative error, sample adding error,
uneven amplification efficiency in each PCR system, and tem-
perature difference between wells.

Cell culture and antibodies

The human OS cell lines (143B, U20S, U2R, MG63) were pro-
vided by Professor Kang Tie Bang (Sun Yat-sen University
Cancer Center, State Key Laboratory of Oncology in South
China, Collaborative Innovation Center for Cancer Medicine,
Guangzhou, China). All OS cells and hFOB1.19 cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher Scientific) supplemented with 10% fetal bovine serum
(FBS; Gibco). All cells grew in a 37°C humidified incubator with
5% CO,. Anti-B-actin and anti-GALNT1 (rabbit) antibodies were
purchased from Santa Cruz Biotechnology (New York, USA).

Transwell assays

0S cells in the logarithmic growth phase were digested with
trypsin and washed with phosphate-buffered saline (PBS) and
serum-free medium. Transwell chambers were placed on a 24-
well plate, and 1x10° cells and serum-free medium were in-
oculated in the upper compartment of each well. DMEM con-
taining 10% FBS was added to the lower compartment. For cell
invasion assay, 50 pL of diluted matrix glue (BD Biosciences,
Franklin Lakes, NJ) was added to the upper chamber, followed
by incubation at 37°C for 4-5 h. The cells were cultured in a
37°C incubator for 22 h in the migration experiment and 24 h
in the invasion experiment. The cells that migrated or invad-
ed were fixed, stained, and counted at a specified time. PBS,

trypsin, and serum-free medium were purchased from Thermo
Fisher Scientific.

Wound-healing assays

Wound-healing assays were constructed to measure cell mi-
gration and repair. We used a 20 U pipette tip to scratch a line
in the central growth area of adherent cells cultured on a 12-
well plate. The floating cells from the central part were washed
out with PBS, and the cells were cultured for another 24 h. In
addition, we observed and filmed the migration process from
the time of the scratch to 36 h afterward. We then measured
and calculated the distance between the 2 edges of the scratch.

Western blot analysis

Radioimmunoprecipitation assay (RIPA) buffer (Thermo Fisher
Scientific) containing the protease inhibitor was added to cul-
tured cells, and the cells were lysed on ice for 30 min. After
centrifugation at 12 000xg at 4°C for 25 min, protein concen-
trations in the supernatant were determined using a bicincho-
ninic (BCA) protein assay kit (Pierce, Rockford, IL, USA). Total
protein extracts were isolated by 10% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) and transferred to polyvinyli-
dene fluoride (PVDF) membrane (Millipore, USA). The hydro-
philic PVDF membrane was blocked in 5% skim milk for 1 h.
Afterward, the membrane and the corresponding antibody
were incubated at 4°C overnight. The membrane was washed
with 1xPBS with Tween (PBST, Thermo Fisher Scientific) 3 times
the next day and incubated with anti-rabbit (anti-mouse) an-
tibody for 1 h, then washed with PBST 3 times, and finally
developed with enhanced chemiluminescence (ECL) Western
Blotting Substrate (Thermo Fisher Scientific). The developed
strip was compared with the B-actin control.

Results

Identification of the differently expressed genes between
normal samples and tumor samples

According to the cutoff standards (P<0.05 and |log2FC| >2), 314
DEGs were selected, including 213 upregulated genes and 101
downregulated genes. A volcano plot and a heatmap were per-
formed to show upregulated and downregulated genes in tu-
mor samples relative to normal samples (Figure 1).
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Figure 1. (A) Volcano plot and (B) Heat map of differentially expressed genes. Upregulated (red) and downregulated (blue) genes in

tumor samples compared with normal samples.

Screening of potential enrichment analysis

To understand the functions of the DEGs, we entered them into
FunRich to perform GO analysis. The results showed that DEGs
were most enriched in the nucleus and involved transcription
factor activity, cell communication, and signal transduction.
KEGG pathway analysis of these target genes was performed
by using Cytoscape and ClueGO. The genes were mainly en-
riched in 6 pathways including glycosphingolipid biosynthesis,
retinol metabolism, Advanced glycation end products/recep-
tor for advanced glycation end products (AGE/RAGE) signal-
ing pathway in diabetic complications, pancreatic secretion,
inflammatory mediator regulation of transient receptor poten-
tial (TRP) channels, and renin secretion (Figure 2).

Construction of a PPl network

We input 314 genes into the String website. If the compre-
hensive score was greater than or equal to 0.7, we selected
those genes to construct a PPl network. In the PPI network, 8
hub genes, including GALNT1, SRGN, MAD2L1, PLK1, CCNB2,
PTTG1, TOP2A, and RRM2, were identified. In addition, a histo-
gram of the frequency of each hub gene was drawn (Figure 3).
GALNT1 appeared the most frequently (30 times), and we se-
lected it for further study.

GALNT1 is overexpressed in OS

Quantitative RT-PCR was carried out to analyze the expres-
sion level of GALNT1 mRNA in each OS cell line. The results
showed that the highest expression level of GALNT1 mRNA in
143B cells, while that in U2R was the lowest (Figure 4A). To
verify whether the expression of GALNT1 at the protein lev-
el conforms to the mRNA results, western blot analysis was
conducted. As shown in Figure 4B, the protein expression
conformed to the mRNA expression. The expression level of
GALNT1 in 143B was much higher than in normal human os-
teoblasts (hFOB1.19).

Overexpression of GALNT1 promoted the aggressiveness
of 143B cells in the OS cell line

According to the expression level results obtained in the
above experiments, we selected the 143B cell line, which had
the highest expression level, for determine the biological sig-
nificance of GALNT1. We transfected 143B cells with 3 shR-
NAs (shGALNT1-1, shGALNT1-2, and shRNA negative control
[shNC]) to downregulate GALNT1 gene expression. The 3 shR-
NAs were introduced into 143B cells by lentiviral vectors to es-
tablish stable cell lines (143B/shGALNT1-1, 143B/shGALNT1-2,
and 143B/shNC). Previous studies on GALNT1 have found that
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Figure 2. (A) The top 10 biological processes, cellular components, and molecular functions of identified genes. (B) Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enriched by selected genes.
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Figure 3. (A) Protein-protein interaction (PPI) network analysis. (B) The frequency with which each core gene appears in the network

diagram.

high expression of GALNT1 promotes the invasion and repair of
many tumors. Therefore, to determine whether GALNT1 plays
the same roles in OS, we conducted migration, invasion, and
wound-healing assays. The results of the wound-healing as-
says showed that the healing rate of 143B/shGALNT1-1 and
143B/shGALNT1-2 stable cells was significantly slower than
that of 143B/shNC stable cells at 36 h. In the transwell ex-
periment, 143B/shGALNT1 and 143B/shGALNT1 stable cells
migrated and invaded the lower compartment in significant-
ly reduced numbers compared with 143B/shNC cells. These
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results indicate that knockdown of GALNT1 could inhibit the
migration, invasion, and healing of 143B cells and that high
GALNT1 expression promoted the invasiveness of 143B cells
in an OS cell line (Figure 5).

Discussion

In recent years, the 5-year survival rate for patients with 0S
after treatment has been about 65-70%, but the survival rate
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Figure 4. (A) The relative mRNA expression level of GALNT1 in 5 cell lines is conducted by a quantitative polymerase chain reaction.
Data are presented as mean+SD. * P<0.05 vs. hFOB1.19. (B) Expression of GALNT1 by western blot in hFOB1.19 and

osteosarcoma cell lines.

for patients with metastatic disease remains low, at less than
20% [13]. In the absence of a good treatment for metastatic
0S, studying the disease at the molecular level can determine
which genes promote metastasis and increase the aggressive-
ness of OS. If the activity of these genes can be inhibited, it is
possible to assess whether they affect the aggressiveness of
0S and spread to other organs, and it could enable develop-
ing new molecular-targeted drugs.

In this study, GSE42352 and GSE42572 were downloaded from
the GEO. We identified 314 cancer-related gene expression pat-
terns, suggesting that these 314 mRNAs play a role in promot-
ing the development of OS. To better understand the regulato-
ry mechanism of these genes in OS, we used FunRich, an open
access standalone functional enrichment and network analysis
tool, to further study them. Gene enrichment analysis demon-
strated that these mRNAs were primarily associated with the
nucleus and with transcription factor activity, cell communi-
cation, and signal transduction. These associations are con-
sistent with defects in the cell cycle and cell proliferation reg-
ulator functions being main causes of tumor occurrence and
development [14,15]. lon transport in cancer cells is substan-
tially different from that in normal cells [16]. KEGG pathway
analysis indicated that the identified genes were mainly en-
riched in 6 pathways, including glycosphingolipid biosynthe-
sis, retinol metabolism, AGE/RAGE signaling pathway in diabet-
ic complications, pancreatic secretion, inflammatory mediator
regulation of TRP channels, and renin secretion. Several stud-
ies on cancer-related glycosylation have shown that abnormal
glycosylation is a common feature in various stages of malig-
nant transformation and tumor progression [17,18]. It is im-
portant to note that the glycosylation changes observed so
far have been relatively specific to the type and stage of can-
cer, making glycans potential biomarkers and targets for drug
therapy. As for the AGE/RAGE signaling pathway in diabetic
complications, a previous study provides evidence that glycine

might inhibit the AGE/RAGE pathway and subsequent oxida-
tive stress by improving Glo1 function, thus protecting against
diabetic macrovascular complications [19]. TRP channels are
regulated by proinflammatory mediators, neuropeptides, and
cytokines. Antagonists or agonists targeting these receptors
have achieved large breakthroughs in the treatment of pain
[20]. However, the regulation mechanism of these pathways
in OS has not been studied yet.

In this study, we screened many different genes through bioin-
formatics analysis. By constructing the PPI network, we found
that GALNT1 had the highest frequency. In the published liter-
ature, we found that GALNT1 was highly expressed in a vari-
ety of tumors and played a role in promoting tumor invasion.
Therefore, we selected and detected whether the expression
level of GALNT1 in normal human osteoblasts differed from
that in OS cell lines. Our western blot and gRT-PCR results re-
vealed that the expression level of GALNT1 in OS was indeed
much higher than that in human osteoblasts (hFOB1.19), es-
pecially in the 143B cell line. Therefore, we selected 143B cells
for GALNT1 knockdown experiments, and conducted transwell
assays and wound-healing assays on GALNT1-knockdown cells.
The results showed that GALNT1 knockdown reduced the in-
vasion and healing ability of 143B cells. In conclusion, we can
infer that GALNT1 plays a role in promoting tumorigenesis and
aggressiveness in OS as in other tumors.

As for GALNT1, a previous study found that overexpression of
GALNT1 suppresses epidermal growth factor (EGF)-induced
EGF receptor (EGFR) activation and enhances its degradation
[21]. Another study reported that knockdown of SNHG7 in-
hibited GALNT1 and epithelial-mesenchymal transition mark-
ers (E-cadherin and vimentin) and may play an important role
in colorectal cancer progression [22]. It also identified a blad-
der cancer stem cell subpopulation in human bladder cancers
that seems to be responsive to the inhibition of GALNT1 and
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Sonic Hedgehog signaling, and therefore highlights a poten-
tial method for preventing the rapid progress typical in pa-
tients with bladder tumor [23].

At present, with the progress of medical and health services,
the treatment of individual differences has drawn increased at-
tention. Therefore, it is very important to find new biomarkers
for patients. Our study concluded that many DEGs are involved
in the development of OS by certain signaling pathways and
had prognostic value. However, our data are entirely obtained
from the GEO database through bioinformatics analysis, and
the number of relevant samples was limited. Therefore, further
data analysis and clinical trials are needed to verify our results.
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