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Abstract. Pancreatic ductal adenocarcinoma (PDAC) remains 
a major cause of cancer-associated mortality, with poor patient 
outcome. The present study aimed to identify key candidate 
genes and investigate the potential molecular mechanisms 
associated with the progression of PDAC. The GSE46234 
dataset was downloaded from the Gene Expression Omnibus 
database, in order to identify the upregulated differentially 
expressed genes (DEGs) in PDAC. Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses 
were performed to determine the biological functions and path-
ways of the upregulated DEGs, and a protein-protein interaction 
(PPI) network was subsequently constructed to screen the hub 
genes. Subsequently, survival analyses of the hub genes were 
undertaken in patients with PDAC, using The Cancer Genome 
Atlas dataset. Reverse transcription-quantitative (RT-q)PCR 
analysis was performed to assess the mRNA expression levels 
of the hub genes associated with the prognosis of patients with 
PDAC. In the present study, 65 upregulated DEGs were identi-
fied. GO analysis suggested that the DEGs were enriched in 
response to hypoxia, calcium ion and negative regulation of 
catecholamine. KEGG analysis demonstrated that the DEGs 
were enriched in gastric acid secretion, the ECM-receptor 
interaction and the cGMP-PKG signaling pathway. Among 
the 18 hub genes determined by module screening of the 
PPI network, upregulation of three key genes, abnormal 
spindle-like microcephaly-associated protein (ASPM), mitotic 
checkpoint serine/threonine-protein kinase BUB1 β (BUB1B) 
and protein spindly (SPDL1), was significantly associated 
with worse overall survival and disease-free survival time in 

patients with PDAC. Furthermore, ASPM, BUB1B and SPDL1 
were demonstrated to be associated with advanced tumor 
stage, and their upregulation in PDAC tumor tissues was vali-
dated using RT-qPCR analysis. Taken together, the results of 
the present study demonstrate that ASPM, BUB1B and SPDL1 
may have the potential to function as prognostic markers and 
therapeutic targets for PDAC.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) arises from the 
ductal cells of the exocrine pancreas and comprises the vast 
majority of all types of pancreatic cancer (1). PDAC is ranked 
the 7th leading cause of cancer-associated mortality worldwide, 
predominantly due to poor diagnosis (2) and the incidence of 
PDAC was 12.3/100,000 in the United States in 2011 (3). It has 
been reported that only 10-20% of patients are surgically resect-
able at the time of diagnosis, and PDAC has a global 5-year 
survival rate of <5% (4). Currently, only a limited number of 
chemotherapeutic agents have been demonstrated to be effec-
tive against PDAC, including gemcitabine and fluorouracil (5). 
Despite advancements in the treatment of pancreatic cancer, 
therapies for PDAC are inadequate and the prognosis of PDAC 
remains unoptimistic due to late detection, drug resistance, 
and high recurrence and metastatic rates (6,7). Thus, there is 
a critical need to improve survival rates by identifying novel 
treatment targets and prognostic factors for patients with PDAC.

With the development of modern biomedicine, growing 
evidence has demonstrated that multiple gene alterations, 
such as those in KRAS, cyclin-dependent kinase inhibitor 
2A (CDKN2A) and TP53, may act as key determinants of 
tumor fate within the pancreas (8), and that several cellular 
signaling pathways are closely associated with the occurrence 
and progression of PDAC (9,10). Next-generation sequencing 
(NGS) technology has been widely applied as a notable tool in 
early cancer diagnosis, cancer grading and progression predic-
tion (11). Furthermore, a substantial amount of biological and 
clinical data for PDAC cases has been generated with the 
development of NGS analysis, and these available datasets 
provide opportunities to systemically investigate and analyze 
a wide range of expression patterns and molecular signatures 
for PDAC (12).
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The present study aimed to improve the understanding of 
the molecular basis of PDAC and to identify novel prognostic 
factors for PDAC. The GSE46234 dataset was downloaded 
from the Gene Expression Omnibus (GEO) database, in 
order to determine the upregulated differentially expressed 
genes (DEGs) in the tumor tissues of patients with PDAC. 
Subsequently, Gene Ontology (GO) functional enrichment and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analyses were performed. Following identification of the hub 
genes via protein-protein interaction (PPI) network screening, 
their relevance with overall survival (OS) and disease-free 
survival (DFS) time in patients with PDAC was evaluated. 
Taken together, the results of the present study provide further 
insight into the potential candidate biomarkers for the progres-
sion and prognosis of PDAC at the molecular level.

Materials and methods

Study design and source of data. In the present study, GEO 
profiles with raw data of the CEL file type based on the 
GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 
Array), with information on the probe ID, Gene Symbol and 
Entrez Gene ID were included. The gene expression profiles 
of the GSE46234 dataset were downloaded from the GEO 
database (ncbi.nlm.nih.gov/gds/), which comprised data from 
four healthy and four PDAC tissue samples.

Identification of DEGs. The GEO2R online tool (ncbi.nlm.nih.
gov/geo/geo2r) within R software version 3.6.2 (13) was used 
to determine the DEGs between tumor tissues in patients with 
PDAC and normal tissues in healthy subjects. An unpaired 
Student's t-test was performed to identify the DEGs, and the 
DEGs were considered to be statistically significant according 
to the cut‑off criteria of |logFC|≥2 and adjusted P<0.01 (14). 
Furthermore, visual hierarchical cluster analysis was applied 
to identify the upregulated DEGs using Morpheus online 
analysis software (software.broadinstitute.org/morpheus). A 
heat map was constructed to validate these results.

GO functional enrichment and KEGG pathway analyses 
of the DEGs. The Database for Annotation, Visualization 
and Integrated Discovery version 6.7 (DAVID) (david-d.
ncifcrf.gov/) was used to perform GO functional enrichment 
and KEGG pathway analyses GO analysis is widely used to 
annotate specific genes and gene products for high‑throughput 
genome and transcriptome data (14). In the present study, GO 
analysis was performed to predict the potential functions of 
the DEGs based on biological process (BP), molecular func-
tion (MF) and cellular component (CC). For both analyses, 
P<0.05 was considered to indicate statistical significance.

PPI network construction. The Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING) database (15) was used 
to assess and integrate the PPIs, including direct (physical) and 
indirect (functional) associations among the DEGs. The PPI 
network for the DEGs was constructed using the Molecular 
Complex Detection plugin within Cytoscape software version 
3.7.1 (16). PPI network modules were screened, and scores >3 
and nodes >4 were used as the selection criteria. P<0.05 was 
considered to indicate a statistical significance.

Survival analysis and expression levels of the hub genes. 
The present study set out to identify candidate biomarkers 
for PDAC prognosis. Genes with the highest scores in the 
PPI network were selected as the hub genes, and the OS and 
DFS outcomes based on the hub gene expression levels were 
depicted according to the data downloaded from the Gene 
Expression Profiling Interactive Analysis database (17). The 
expression levels of the hub genes in patients at different tumor 
stages were downloaded from the interactive web resource, 
UALCAN (ualcan.path.uab.edu/index.html). The hub genes 
associated with both shorter OS and DFS were identified for 
further study, and their expression levels were compared in 
both PDAC tissues and normal adjacent tissues.

Patients and samples. The subsequent experiments were 
approved and authorized by The Ethics Committee of Taizhou 
Hospital of Zhejiang Province, and written informed consent 
was obtained from all patients prior to study commencement. 
PDAC tissues and normal adjacent tissues were provided by the 
Biobank of Taizhou Hospital of Zhejiang province (Taizhou, 
China). Samples obtained from six patients initially diagnosed 
by two pathologists of pathology department in Taizhou 
hospital were resected during surgery and immediately frozen 
in liquid nitrogen for 3 months. Clinical characteristics, 
including age, sex, tumor location, TNM stage (18) and differ-
entiation are presented in Table I.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA was 
extracted from the six PDAC and normal adjacent tissue samples 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The purity and 
concentration of total RNA were measured using a NanoDrop 
ND‑1000 spectrophotometer (Thermo Fisher Scientific, Inc.). A 
total of 1 µg total RNA was reverse transcribed into cDNA using 
M-MuLV Reverse Transcriptase (Toyobo Life Science) at a total 
volume of 20 µl, according to the manufacturer's protocol. The 
primer sequences (Genewiz, Inc.) used for qPCR are presented 
in Table II. The following thermocycling conditions were used 
for qPCR: Initial denaturation at 95˚C for 3 min followed by 
40 cycles of denaturation at 95˚C for 10 sec and annealing and 
elongation at 60˚C for 30 sec. The relative expression levels 
of abnormal spindle-like microcephaly-associated protein 
(ASPM), mitotic checkpoint serine/threonine-protein kinase 
BUB1 β (BUB1B) and protein spindly (SPDL1) were determined 
using the 2-ΔΔCq method (19) and normalized to the internal 
reference gene, GAPDH. The difference in mRNA expression 
level between the matched tumor and nontumor tissue samples 
was assessed using a paired Student's t-test within GraphPad 
Prism (version 7.0; GraphPad Software). P<0.05 was considered 
to indicate a statistically significant difference.

Results

Differential gene analysis at the mRNA level. Gene expres-
sion profiles from the GSE46234 dataset were downloaded 
from the GEO database; the significantly altered genes were 
screened to determine the DEGs in PDAC tissues. A total 
of 217 DEGs were identified via GEO2R analysis, including 
65 upregulated genes and 152 downregulated genes (Fig. 1), 
and the top 10 most upregulated and downregulated DEGs 
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are presented in Table III. The results were further validated 
using the Morpheus online tool, and the DEGs (including the 
top 50 most upregulated genes) are presented in a hierarchical 
clustering heat map (Fig. 2).

GO functional enrichment and KEGG pathway analyses. 
The top five BPs, CCs and MFs of the upregulated DEGs in 
PDAC, according to GO analysis, are presented in Fig. 3A. The 
majority of the DEGs were demonstrated to be significantly 
enriched in CCs, including the ‘Presynaptic membrane’, ‘Cell 
junction’, ‘Transport vesicle membrane’, ‘Synaptic vesicle’ 
and ‘Golgi lumen’. These DEGs were also demonstrated to 
be associated with BPs, including the ‘Response to hypoxia’, 
‘Cerebral cortex development’, ‘Response to calcium ion’ 
and the ‘Negative regulation of catecholamine secretion’. 
Furthermore, the DEGs were indicated to exert MFs, including 
the regulation of ‘Integrin binding’, ‘Enzyme binding’ and 
‘Hormone activity’. KEGG pathway analysis demonstrated 
that the upregulated DEGs were enriched in ‘Gastric acid 
secretion’, ‘ECM-receptor interaction’, ‘cGMP-PKG signaling 
pathway’ and ‘Amyotrophic lateral sclerosis’ (Fig. 3B).

Module screening of the PPI network and hub gene identi‑
fication. A PPI network was constructed using Cytoscape 
software based on the DEGs identified from the GSE46234 
dataset. Genes with the highest scores were screened and 
considered hub genes, which were more likely to be associated 
with PDAC. The top 18 hub genes included ACTR2, ACTR3, 
ARPC3, ARPC4, ASPM, BUB1B, CDC20, CXCR3, GPSM2, 
LPAR5, MAD2L1, OXGR1, PICALM, SPDL1, SST, SSTR2, 
STON2 and TK1 (Fig. 4).

Upregulation of ASPM, BUB1B and SPDL1 predicts poor 
survival outcome in patients with PDAC. In order to identify 
candidate prognostic biomarkers, the top 18 hub genes identified 

Table I. Clinical characteristics of the six patients with pancreatic ductal adenocarcinoma.

Sex  Age, years Location of tumor TNM stagea Differentiation

Male 60 Head T2N0M0 Poor
Male 57 Body and tail T2N1M0 Poor
Female 55 Head T3N1M0 Moderate
Male 70 Head T3N1M0 Moderate
Male 46 Body and tail T1N1M0  Moderate
Female 67 Head T2N0M0  Well

a(18). TNM, Tumor-Node-Metastasis.

Table II. Primer sequences used for reverse transcription-quantitative PCR analysis.

Gene Forward sequence (5'-3') Reverse primer (5'-3')

ASPM GGCCCTAGACAACCCTAACGA AGCTTGGTGTTTCAGAACATC
BUB1B AAATGACCCTCTGGATGTTTGG GCATAAACGCCCTAATTTAAGCC
SPDL1 CGAGAGCTAGCTGAGCGAAT CAGCCTCTTTGAGCCTGCAT
GAPDH AAGCCTGCCGGTGACTAAC GTTAAAAGCAGCCCTGGTGAC 

ASPM, abnormal spindle-like microcephaly-associated protein; BUB1B, mitotic checkpoint serine/threonine-protein kinase BUB1 β; SPDL1, 
protein spindly.

Figure 1. Volcano map of the DEGs in pancreatic ductal adenocarcinoma. 
Red dots represent upregulated genes, green dots represent downregulated 
genes and gray dots represent genes that are unchanged. DEGs, differentially 
expressed genes.



TIAN  and  WANG:  IDENTIFICATION OF KEY GENES IN PANCREATIC DUCTAL ADENOCARCINOMA 3310

in the PPI network were analyzed, and only the genes which 
were associated with both shorter OS and DFS were regarded 
as potential biomarkers for PDAC prognosis. Among the 18 hub 
genes, ASPM, BUB1B, CDC20, MAD2L1, SPDL1 and TK1 
demonstrated association with prognosis. The results demon-
strated that patients with PDAC with upregulated expression of 
ASPM, BUB1B, MAD2L1 and SPDL1 in tumors had signifi-
cantly worse OS, while the upregulation of ASPM, BUB1B, 
CDC20 and SPDL1 was associated with significantly decreased 
DFS. Furthermore, upregulation of only ASPM, BUB1B and 
SPDL1 in tumors was significantly associated with both poor 
OS and DFS in patients with PDAC (all P<0.05; Fig. 5).

ASPM, BUB1B and SPDL1 were selected for further anal-
ysis. The expression of these three genes was demonstrated to 
be significantly higher in tumor tissues compared with normal 
adjacent tissues (all P<0.05; Fig. 6A-C). Furthermore, these 
three genes were also significantly upregulated in patients 
with grade G2 and G3 neoplasms compared with patients 
with G1 neoplasms (all P<0.05; Fig. 6G-I. Consistent with the 
results of the database analysis, mRNA expression of ASPM, 
BUB1B and SPDL1 was significantly higher in PDAC tissues 
compared with normal adjacent tissues (all P<0.01; Fig. 7).

Table III. Top 10 most upregulated and downregulated differ-
entially expressed genes in the GSE46234 dataset.

A, Upregulated  

Gene symbol Fold change P-value

IAPP 6.61 2.33x10-4,b 
FFAR1 4.94 3.93x10-5,b

NUP210L 4.78 6.57x10-4,b

CADPS 4.71 6.87x10-4,b

LOC101928663 4.60 6.64x10-5,b

SMIM21 4.54 1.41x10-3,a

LINC00844 4.47 1.10x10-3,a

INS 4.34 2.10x10-4,b

MAPT 4.34 3.99x10-4,b

SLCO1A2 4.31 7.53x10-4,b

B, Downregulated  

Gene symbol Fold change P-value

S100P -7.35 1.37x10-4,b

DUOXA2 -5.50 6.17x10-5,b

C19orf33 -5.08 4.99x10-4,b

ST6GALNAC1 -4.89 2.06x10-3,a

POSTN -4.41 2.19x10-4,b

MUC5B -4.40 7.80x10-4,b

DPCR1 -4.33 1.84x10-3,a

BIK -4.32 1.20x10-4,b

TMC7 -4.09 8.32x10-4,b

IGK -4.01 9.70x10-4,b

aP<0.01. bP<0.001.

Figure 2. Heat map of the differentially expressed genes from all samples. 
Red represents upregulated genes and blue represents downregulated genes.
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Discussion

Compared with all other malignancies, PDAC has the poorest 
prognosis, with a 5% 5-year survival rate and a mean life 
expectancy of <6 months, which is predominantly due to 
resistance to standard therapy (20,21). Commonly used tumor 
markers, such as CA19-9 and CEA, are ineffective for the 
early detection of PDAC (22). Furthermore, they fail to provide 
information on the exact location of the cancer lesions, thus 
making it difficult to determine a therapeutic strategy (23,24). 
Therefore, identifying prognostic factors for patients with 
PDAC remains critical, with the aim to develop novel thera-
peutic approaches and select adequate treatment strategies.

In the present study, 217 DEGs were screened, including 65 
upregulated and 152 downregulated genes, in the PDAC tissue 
samples of the GSE46234 dataset. GO analysis indicated that 

the 65 upregulated genes were significantly enriched in func-
tions involving the regulation of ‘Integrin binding’, ‘Enzyme 
binding’ and ‘Hormone activity’. Previous studies have demon-
strated that the interactions between ligands and integrins, 
such as αvβ6, could affect the proliferation, invasion, metas-
tasis and angiogenesis of PDAC cells (5,25,26). Furthermore, 
hormone inhibitors, such as angiotensin system inhibitors 
were applied to improve the prognosis of PDAC (27). KEGG 
pathway analysis demonstrated that the upregulated genes were 
predominantly involved in ‘ECM-receptor interaction’ and the 
‘cGMP‑PKG signaling pathway’, which has been identified as 
a key signaling pathway in different types of cancer, including 
bladder cancer (28). A total of 18 hub genes were discovered 
following construction of the PPI network, in which three key 
genes (ASPM, BUB1B and SPDL1) were demonstrated to be 
enriched in the cell cycle biological processes/pathways, and 

Figure 3. Gene Ontology enrichment and KEGG pathway analyses of the DEGs. (A) Top five biological processes, cellular components and molecular functions 
of the DEGs between patients with PDAC and healthy subjects. (B) KEGG pathway analysis of the DEGs between patients with PDAC and healthy subjects. 
KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes; PDAC, pancreatic ductal adenocarcinoma; UTR, untranslated 
region; ECM, extracellular matrix.
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Figure 4. Protein-protein interaction network of the differentially expressed genes in pancreatic ductal adenocarcinoma.

Figure 5. Prognostic analysis of overall survival and disease-free survival for (A and B) ASPM, (C and D) BUB1B and (E and F) SPDL1.
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were significantly associated with both shorter OS and DFS 
in patients with PDAC. The results of the present study were 
unable to be compared with the findings of the original study as 
it is unavailable. Thus, TCGA cohort analysis was performed; 
the results demonstrated high ASPM, BUB1B and SPDL1 
expression levels in patients with PDAC, which was further 
validated by RT-qPCR analysis. Furthermore, upregulation of 
ASPM, BUB1B and SPDL1 was associated with the histological 

grade of the neoplasm. This suggests that high ASPM, BUB1B 
and SPDL1 expression levels may contribute to PDAC progres-
sion and a worse prognosis, indicating the prognostic value of 
ASPM, BUB1B and SPDL1 for patients with PDAC.

ASPM was originally identified as a centrosomal protein that 
regulates neurogenesis and brain size (29), and was reported to 
be extensively expressed in a variety of malignant tissues, such 
as gliomas, ovarian and hepatocellular cancer tissues (30-32). 

Figure 6. Increased expression levels of ASPM, BUB1B and SPDL1 in PDAC. Red represents tumor tissue and black represents normal tissue. (A) ASPM, 
(B) BUB1B and (C) SPDL1 were upregulated in the tumors of patients with PDAC and the associations between (D) ASPM, (E) BUB1B and (F) SPDL1 were 
analyzed via Pearson's correlation analysis. (G) ASPM, (H) BUB1B and (I) SPDL1 were also upregulated in the tumor tissues of patients with advanced PDAC. 
*P<0.05. ASPM, abnormal spindle-like microcephaly-associated protein; BUB1B, mitotic checkpoint serine/threonine-protein kinase BUB1 β; SPDL1, protein 
spindly; PDAC, pancreatic ductal adenocarcinoma; TPM, Transcripts Per Kilobase of exon model per Million mapped reads.

Figure 7. Relative mRNA expression levels of ASPM, BUB1B and SPDL1 determined via reverse transcription-quantitative PCR analysis in the tumor and 
paired non-tumor tissue samples of six patients with PDAC. (A) ASPM, (B) BUB1B and (C) SPDL1 mRNA expression was increased in the tumor tissues 
of patients with PDAC compared with the matched non-tumor tissues. **P<0.01, ***P<0.001 vs. adjacent. PDAC, pancreatic ductal adenocarcinoma; ASPM, 
abnormal spindle-like microcephaly-associated protein; BUB1B, mitotic checkpoint serine/threonine-protein kinase BUB1 β; SPDL1, protein spindly.
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Bikeye et al (33) reported that ASPM is upregulated in recur-
rent tumors and demonstrates a positive association with the 
pathological grading of gliomas. Upregulation of ASPM has 
also been reported to be associated with the pathological 
grading and poor survival of patients with ovarian cancer and 
hepatocellular carcinoma (31,34). In the present study, ASPM 
expression was demonstrated to be higher in tumor tissues 
compared with normal adjacent tissues, and was associated 
with poor survival of patients with PDAC. These results vali-
date the findings of previous studies, which suggest that ASPM 
may enhance PDAC tumor progression by promoting Wnt 
activity to regulate cancer stemness (32-35).

The results of the present study suggest that high BUB1B 
expression may play a key role in the tumorigenesis and 
progression of PDAC; this is consistent with the findings of 
previous bioinformatics analyses, which suggest that BUB1B 
demonstrates high connectivity degrees to PDAC, and may be 
useful as a therapeutic target (32,36,37). BUB1B upregulation 
is also reportedly associated with chromosomal instability in 
other malignancies, including bladder cancer, breast cancer and 
kidney carcinomas (38-40). Furthermore, BUB1B upregulation 
is also associated with the progression and recurrence of gastric 
cancer (37). SPDL1 is required for efficient chromosome congres-
sion and mitotic checkpoint regulation, and is also involved at the 
spindle checkpoint during mitosis (41). High SPDL1 expression is 
an independent prognostic indicator for cancer‑specific survival 
and has been associated with increased cellular proliferation in 
oral cancer, highlighting its potential value in therapy (42). Hence, 
these data support the hypothesis that ASPM, BUB1B and SPDL1 
may be candidate molecular markers for PDAC progression and 
prognosis, and thus may be useful as therapeutic targets.

In the present study, the DEGs between PDAC and normal 
tissue samples in the GSE46234 dataset were determined, 
and the hub genes among the DEGs were demonstrated to be 
associated with the prognosis of patients with PDAC patients. 
Furthermore, ASPM, BUB1B and SPDL1 were identified as 
potential candidate biomarkers for OS and DFS in patients with 
PDAC. High ASPM, BUB1B and SPDL1 mRNA expression 
levels were validated by TCGA cohort analysis and subse-
quent RT-qPCR analysis, which may preliminarily uncover 
the pathophysiological role of these hub genes in PDAC at 
the molecular level. However, the sample size for microarray 
analysis in the present study was small, thus further molecular 
and biological studies with larger sample sizes are required to 
validate these findings, and to confirm the functions of the key 
genes in PDAC.

Taken together, the results of the present study demonstrate 
that the upregulation of ASPM, BUB1B and SPDL1 in tumor 
tissues is closely associated with tumor development and poor 
OS and DFS in patients PDAC. This indicates their potential 
prognostic values and use as therapeutic targets.
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