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Abstract. Pancreatic cancer has a low survival rate globally.
Anillin (ANLN) is involved in the pathogenesis of pancreatic
cancer (PC). The present study used databases and reverse
transcription‑quantitative PCR to investigate the association
between ANLN expression, clinical variables and the survival
rate of patients with pancreatic cancer. Gene expression
of ANLN in normal and cancer tissues was analyzed using
data from The Cancer Genome Atlas, Oncomine and Gene
Expression database of Normal and Tumor tissues 2 and
ANOVA, and the association between ANLN mRNA expres‑
sion and ANLN genovariation was analyzed using cBioPortal.
The association between ANLN expression and the survival,
clinical, pathological and prognostic characteristics of PC
was analyzed using Kaplan‑Meier (K‑M) survival analysis,
Kruskal Wallis and Mann Whitney‑U tests, and logistic
and Cox regression models. Gene Set Enrichment Analysis
(GSEA) revealed the molecular pathways underpinning ANLN
function in PC. Overexpression of ANLN was observed in
PC cells (normal vs. tumor, P<0.01) and tissues (normal vs.
tumor, P=0.008). Enhanced ANLN expression was associated
with high tumor grade (grade 1 vs. grade 3, odds ratio: 5.662,
P<0.001). However, ANLN expression was not associated with
other clinical features (all P>0.05). K‑M analysis suggested
that increased ANLN expression was associated with poor
survival (P=0.002). Univariate and multivariate analysis
revealed the ANLN is an independent prognostic factor for
PC (P<0.001). GSEA demonstrated the p53, cell cycle, DNA
replication, mismatch repair, nucleotide excision repair and
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PC pathways were associated with low expression of ANLN.
Overall, ANLN is more highly expressed in PC compared
with in normal tissue, and is associated with poor differen‑
tiation. The expression of ANLN may be a novel prognostic
marker of poor survival. Finally, ANLN exert its functions in
PC through the p53, cell cycle, DNA replication, mismatch
repair and nucleotide excision repair and pathways.
Introduction
Pancreatic cancer (PC) is a major public health problem
and is the eleventh most common cancer in the world, with
458,918 new cases and 432,242 deaths in 2018 (1). Risk factors
for PC include the gut microbiota, chronic pancreatitis and
obesity (2). The 5‑year survival rate is correlated with tumor
Tumor‑Node‑Metastasis stage. At stage 3, the 5‑year survival
rate can reach 32%; however, ~52% of patients at stage 4 have
a 5‑year survival rate of only 3% (3). Hence, identifying PC
in the early stages is important for an improved prognosis.
Unfortunately, the symptoms of surgically resectable PC
are non‑specific, such as epigastric or back pain, nausea and
satiety (4). As the aforementioned symptoms can be indications
of benign and alterative diseases, for example acute and chronic
pancreatitis and cholelithiasis, PC may be misdiagnosed and is
therefore difficult to diagnose in early stages. Most patients
are diagnosed in advanced stages, which makes surgery chal‑
lenging, and current chemotherapy does not yield satisfactory
outcomes (5‑9), due to epithelial‑to‑mesenchymal transition,
increased cancer stem cells population, (hypovascular tumor
microenvironment and chemotherapy‑resistance protein (10).
Therefore, understanding oncogenesis, identifying a guaran‑
teed early diagnostic marker and investigating new treatments
are important to improve the diagnosis and treatment of PC.
Anillin (ANLN) was first identified by Field and Albert in
1995 (11). ANLN encodes an actin‑binding protein and is an
important cellular component for cytokinesis. The localization
of ANLN changes during the cell cycle (12). During inter‑
phase, ANLN located at nucleus, while during mitosis, ANLN
located at cell cortex (11). Furthermore, by binding to other
key proteins for mitosis, such as F‑actin, myosin II and septins,
ANLN forms cleavage furrows (12‑16). Recently, the impor‑
tant roles of ANLN in the proliferation and invasion of various
cancer cells and tumor development have been described.
Downregulating the expression of ANLN arrests cancer
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cells at the G2/M stage of mitosis, decreasing the capacity
for proliferation and invasion in small‑cell lung cancer. The
expression of ANLN is associated with 5‑year cancer‑specific
survival (17). In addition, correlations between ANLN and
other tumors, including breast, pancreatic, prostate, bladder
and colorectal cancer, have been reported (18‑22). However,
the expression of ANLN and its association with the clinical
features of PC are unclear. Therefore, the expression of ANLN
and its clinical characteristics in PC were examined in the
present study. The Cancer Genome Atlas (TCGA), Oncomine,
Gene Expression Ontology (GEO) and Gene Expression
Database of Normal and Tumor tissues (GENT) databases
were used to obtain samples and the clinical datasets were
analyzed. Afterwards, Gene Set Enrichment Analysis (GSEA)
was employed to analyze the pathways of ANLN and cancer
development.
Materials and methods
Gene expression data and survival data resources. The
Oncomine database was used to identify the expression levels
of ANLN between normal tissue and cancer tissue in diverse
cancer types (http://www.oncomine.org/).
Gene expression of ANLN in normal and cancerous
pancreatic tissues was downloaded from TCGA database
(https://portal.gdc.cancer.gov/) and the Gene Expression data‑
base of Normal and Tumor tissues 2 (GENT2) (http://gent2.
appex.kr/) (23). Bioinformatics and survival data were down‑
loaded from TCGA database. In total, 182 samples, including
four normal and 178 tumor samples, with clinical informa‑
tion were download from TCGA database in February 2020.
Gene expression of ANLN in normal (n=106) and pancreatic
cancer (n=324) of GENT2 database was obtained from
the GEO public repository using the U133Plus2 (GPL570)
platform (23).
Cell lines and culture. Human pancreatic cancer cell lines,
PANC‑1 and AsPC‑1, were purchased from CHI Scientific,
Inc. Human pancreatic cancer cell line, MIA PaCa‑2, and
normal pancreatic cell line, hTRET‑HPNE, were purchased
from Shanghai Zhongqiaoxinzhou Biotech Company
(https://www.zqxzbio.com/). The human pancreatic cancer
cell line, CFPAC‑1, was purchased from The Cell Bank
of Type Culture Collection of the Chinese Academy of
Sciences. hTRET‑HPNE, MIA PaCa‑2 and PANC‑1 cells
were cultured in DMEM (HyClone; Cyvita), supplemented
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and
penicillin G (100 U/ml) (Beyotime Institute of Biotechnology).
AsPC‑1 and CFPAC‑1 cells were cultured in RPMI‑1640 and
IMDM (Gibco; Thermo Fisher Scientific, Inc.), respectively,
with 10% FBS and penicillin G (100 U/ml). All cells were
maintained at 37˚C with 5% CO2. Cells were harvested at
80% confluence.
Reverse transcription‑quantitative (RT‑q)PCR. All cells were
collected, and total RNA was extracted using RNAiso PLUS
(Takara Bio, Inc.). According to the instructions, reverse‑tran‑
scription was performed using a PrimeScript™ RT reagent
kit with gDNA Eraser (Takara Bio, Inc.). PCR was
performed using Rotor‑Gene Q (Qiagen GmbH) with

TB Green™Premix Ex Taq™ II (Tli RNase H Plus) (Takara
Bio, Inc.). The PCR cycling conditions were initial dena‑
turation at 95˚C for 30 sec, followed by 40 of cycles of
denaturation at 95˚C for 5 sec, annealing at 55˚C for 30 sec
and elongation at 72˚C, 30 sec and one cycle of final exten‑
sion at 72˚C for 5 min. GAPDH was used as a housekeeping
gene. ANLN gene expression was analyzed using the
2‑ΔΔCq formula (24). The primer sequences are as follows:
ANLN, Forward: 5'‑CAAGATGTATCCAATGACT‑3' and
reverse: 5'‑TGACTGAAGAATGAATGTT‑3'; GAPDH,
forward: 5'‑CTCTCCACGGATCAGCTGTC‑3' and reverse:
5'‑CAGGGAGGACACGAAGGAT‑3'. All experiments were
repeated three times.
Genovariation of ANLN. cBioPortal (https://www.cbioportal.
org/) was used to examine the types and frequency of ANLN
alterations and methylation of ANLN in PC. The sequencing
data for PC from cBioPortal was from GDAC firehose in
TCGA database.
GSEA. GSEA (https://www.gsea‑msigdb.org/gsea/datasets.
jsp) was performed to conduct Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway biological process enrichment
analysis to explore the gene sets.
Statistical analysis. P<0.0001, fold‑change >2 and top
10% gene rank were used as the significance threshold values
for the Oncomine database. Data from TCGA and GEO data‑
bases were analyzed using R (version 3.6.2) (25) and GENT2,
respectively. Spearman's correlation analysis was utilized to
determine the relationship between the levels of ANLN mRNA
expression and genovariation of ANLN. Gene expression levels
over the median were considered high expression and those
below the median were low expression (median value, 3.648).
To examine the association between 5‑year survival rate and
ANLN expression, K‑M survival analysis and log rank test
was used. Comparison of biological information and ANLN
expression between two groups was performed using Mann
Whitney U tests, while comparison between three groups or
more was performed using Kruskal Wallis and Dunn's post hoc
tests. Logistic regression was used to analyze the association
between clinical variables and ANLN expression. Univariate
and multivariate Cox regression was used to determine whether
ANLN expression level was a prognostic factor. Other differ‑
ences between two groups was analyzed using unpaired or
paired Student's t‑tests as appropriate, whereas differences
between three or more groups was performed by ANOVA
followed by Dunnett's post hoc test. P<0.05 was considered to
indicate a statistical significant difference.
Results
Gene expression of ANLN is increased in PC. The Oncomine
database revealed that the expression of ANLN was increased
in bladder, breast, cervical, colorectal, esophageal, gastric,
head and neck, liver, lung, lymphoma, ovarian and pancreatic
cancer (Fig. 1A). TCGA database was also searched and
obtained similar results for PC (Fig. 1B). ANLN expression
in normal pancreas tissue was much lower than in pancreatic
tumor tissue (P=0.008). To rule out bias, each adjacent normal
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Figure 1. ANLN expression in pancreatic cancer and normal tissue. (A) Expression of ANLN in different cancer types in Oncomine database. (B) Expression
of ANLN in normal and tumor tissues in TCGA database. (C) Expression of ANLN in paired normal and tumor tissues from TCGA database. (D) Expression
of ANLN in normal and tumor tissues in GENT2. (E) Expression of ANLN mRNA in pancreatic cancer and normal pancreatic cells detected using reverse
transcription‑quantitative PCR. **P<0.01, ***P<0.001 vs. HPNE. ANLN, anillin; TCGA, The Cancer Genome Atlas.

Table I. Summary of genovariation of ANLN in pancreatic
cancer.
Alterations
Mutation
Amplification
mRNA high
Multiple alteration
Total

Frequency, n (%)
1 (0.54)
1 (0.54)
15 (8.11)
1 (0.54)
18 (9.73)

sample was paired with its tumor tissue and the expression
of ANLN was analyzed. As expected, ANLN was more
highly expressed in tumor tissues compared with in normal
tissues (P=0.001; Fig. 1C). As the quantity of normal tissue
in TCGA database is notably different from tumor tissue
and there was no more data for normal and tumor tissues in
TCGA, the GEO database was used to verify these results. The
log2 fold‑change was 1.849, ANLN was significantly more
highly expressed in tumor tissue compared with in normal
tissue (P<0.001; Fig. 1D). Moreover, the differences in ANLN
mRNA expression between normal pancreas cell line and
each of PC cell lines were analyzed. RT‑PCR indicated that all
cancer cell lines presented higher expression levels of ANLN
compared with the normal cell line (P<0.01; Fig. 1E).

Mutations in ANLN are not common, and mRNA expres‑
sion of ANLN is related to methylation. In total, there were
186 samples from 185 patients in cBioPortal. As shown in
Table I, only 9.73% of patients exhibited genetic alterations
in ANLN. Mutation, amplification and multiple alterations
occurred in one case each. mRNA levels were high in 15 cases,
with a frequency of 8.11%.
The patient with multiple alterations in the ANLN gene
had three missenses mutations dispersed at different locations
that caused changes in the protein (Fig. 2A). Most patients had
no mutations. As illustrated in Fig. 2B, it was concluded that
there was no significant difference in the mRNA expression
of ANLN among the different genotypes. Additionally, the
methylation and mRNA expression of ANLN was analyzed.
Spearman's correlation analysis showed a weak but statistically
significant negative correlation between gene methylation and
mRNA expression of ANLN, with the coefficient and P‑value
equaling ‑0.22 and 0.002664, respectively (Fig. 2C).
High expression of ANLN predicts poor survival and grade,
representing an independent survival index. As shown in
Fig. 3A, high expression levels of ANLN predicted poor
survival (P=0.002). ANLN expression was not associated
with some clinical features, such as stage (P=0.229; Fig. 3B),
lymph node metastasis (P=0.524; Fig. 3E), distant metastasis
(P=0.726; Fig. 3F) and tumor size (P=0.127; Fig. 3D) but
was associated with higher grade (P<0.01; Fig. 3C). Logistic
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Figure 2. Genovariation of ANLN in pancreatic cancer. (A) Location of each mutation. (B) Levels of ANLN mRNA expression in mutant and normal
ANLN were not significantly different. (C) Significant weak negative correlation between ANLN mRNA expression and gene methylation. ANLN, anillin;
PH, Pleckstrin Homolgy; VUS, Variants of Uncertain Significance; seq, sequencing; RSEM, RNA‑Seq by Expectation Maximization.

Figure 3. Association between ANLN expression and clinical features. (A) Correlation between ANLN expression with 5‑year survival rate. Association
between ANLN expression with (B) stage, (C) tumor grade, (D) tumor size, (E) lymph node metastasis and (F) distant metastasis. ANLN, anillin; T, tumor;
G, grade; N, node; M, metastasis.
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Table II. Association between the clinical characteristics and anillin expression using logistic regression.
Clinical characteristic

Total

Odds ratio (95% CI)

P‑value

Grade, 3 vs. 1
Stage, 4 vs. 1
Lymph node metastasis, positive vs. negative
Distant metastasis, positive vs. negative

182
182
180
90

5.662 (3.590‑35.527)
1.370 (0.430‑88.643)
1,187 (0.612‑2.315)
3.237 (0.395‑66.980)

4.85x10‑5
0.262
0.612
0.218

CI, confidence interval.

Table III. Relationship between clinical characteristics and overall survival in pancreatic cancer using univariate and multivariate
Cox regression.
Univariate analysis
Multivariate analysis
	-----------------------------------------------------------------	----------------------------------------------------------------Clinical characteristic
HR (95% CI)
P‑value
HR (95% CI)
P‑value
Age
Sex, male vs. female
Grade
Stage
Tumor size
Lymph node metastasis, positive vs. negative
ANLN

1.028 (1.005‑1.051)
0.781 (0.509‑1.200)
1.331 (0.981‑1.806)
1.294 (0.862‑1.942)
1.624 (0.977‑2.701)
2.258 (1.308‑3.898)
1.107 (1.061‑1.156)

0.016
0.259
0.066
0.214
0.061
0.003
0.000

1.024 (1.001‑1.047)
0.891 (0.570‑1.395)
1.160 (0.855‑1.574)
0.994 (0.521‑1.895)
1.266 (0.638‑2.513)
1.820 (1.028‑3.220)
1.090 (1.054‑1.139)

0.041
0.615
0.341
0.984
0.500
0.040
<0.001

ANLN, anillin; HR, hazard ratio; CI, confidence interval.

Table IV. Gene sets enriched in different ANLN phenotypes.
ANLN expression phenotype
High expression
Low expression

Gene set name

NES

Nom P‑value

neuroactive_ligand_receptor_interaction
cell_cycle
P53_signaling_pathway
DNA_replication
Mismatch_repair
Nucleotide_excision_repair
Pancreatic_cancer

1.826
‑2.255
‑2.158
‑1.879
‑1.927
‑1.872
‑1.743

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.008

FDR q‑value
0.123
<0.001
<0.001
0.016
0.011
0.016
0.031

ANLN, anillin; NES, Normalized Enrichment Score; FDR, false discovery rate; Nom, Nominal.

regression analysis revealed the same conclusion; high
ANLN expression is significantly associated with worse
grade [grade 3 vs. 1 odds ratio (OR): 5.662; 95% confidence
interval (CI), 3.590, 35.527; P<0.001] while the other clinical
information including stage, lymph node metastasis and distant
metastasis was not related to ANLN expression with P=0.262,
0.612 and 0.218, respectively (Table II).
Univariate analysis demonstrated that higher expression
of ANLN indicated worse prognosis [hazard ratio (HR):
1.107, 95% CI (1.061, 1.156); P<0.001; Table III). Multivariate
analysis also confirmed that ANLN was an independent factor
for prognosis (HR: 1.090, 95% CI (1.043, 1.139), P<0.001) The
age and lymph node metastasis are another prognostic factors

with P<0.05. Univariate and multivariate analysis confirmed
other factors including sex, grade, stage and tumor size were
not related to prognosis (Table III).
GSEA identified ANLN‑relevant pathways. GSEA was used to
identify KEGG signaling pathways associated with ANLN in
PC. GSEA demonstrated that high ANLN expression was corre‑
lated with the ‘neuroactive ligand receptor interaction pathway’
[Normalized Enrichment Score (NES): 1.826, nominal P<0.001
Fig. S1], while low expression of ANLN was correlated with
various pathways associated with cancer development, such
as ‘p53 signaling’ (Fig. S2), the ‘cell cycle’ (Fig, S3), ‘DNA
replication’ (Fig. S4), ‘mismatch repair’ (Fig. S5), ‘nucleotide
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excision repair’ (Fig. S6) and ‘PC pathways’ (Fig. S7) pathway
(Table IV).
Discussion
Upregulated expression of ANLN and its function have
been reported in numerous cancer types, including
PC (19,20,22,26‑30). Some studies have also demonstrated that
PC progression is attributed to ANLN by enhancing EZH2
expression and manipulating the microRNA‑218‑5p/LIM
and SH3 domain protein 1 signaling axis (31). The present
bioinformatics analysis revealed that the expression of ANLN
was elevated in PC, and increased expression is associated
with higher grade. Moreover, ANLN represents was an inde‑
pendent predictor of prognosis. In addition, GSEA reported
that ANLN was associated with ‘p53’, ‘cell cycle’, ‘DNA
replication’, ‘mismatch repair’, ‘nucleotide excision repair’ and
‘PC pathways’.
Previous studies have demonstrated that ANLN is over‑
expressed in pancreatic ductal adenocarcinoma and that
its expression is correlated with differentiation in bladder
cancer (20,32). These are consistent with the present results, in
which ANLN expression was elevated in PC tissues compared
with normal pancreatic tissues. TCGA database showed that
expression of ANLN was increased in PC tissue. Due to the
notable difference in the number of tissues between cancer and
normal specimens, paired and GEO database analyses were
performed and reached the same conclusion. In addition to the
database analysis, RT‑qPCR also confirmed that ANLN was
more highly expressed in PC cells.
Subsequently, databases were used to analyze whether
elevated ANLN expression affects the biological features of PC.
Enhanced expression of ANLN was correlated with advanced
differentiation. However, Wang et al (31) reported that the
levels of ANLN expression were correlated with tumor size,
differentiation, Tumor‑Node‑Metastasis stage, lymph node
metastasis and distant metastasis, which may be mediated by
cell‑cell adhesion‑related genes, for example the catenin β‑1
gene promoting the proliferation of hepatoblastoma (33). The
results of Wang et al (31)are slightly different from the present
data. The quantity of original data downloaded from TCGA
database might not be sufficient, which could have contributed
to this difference. Some clinical data are still unknown in
TCGA database, for instance nearly half of patients' distant
metastasis data was unclear.
According to the present univariate and multivariate Cox
regression results, it was concluded that ANLN is an indepen‑
dent prognostic factor for PC. There is a possibility that ANLN
may impact prognosis by contributing to cancer cell propaga‑
tion, invasion, aggressiveness and chemotherapy sensitivity.
Previous studies also support this hypothesis, for example,
when treated with chemotherapy, patients of breast cancer
with high expression of ANLN had worse prognosis (21).
Wang et al (31) reported that knockdown of ANLN inhibits
the invasion of pancreatic cancer cells and high expression of
ANLN is related to poor prognosis of PC. In addition, another
study demonstrated that high expression of ANLN increases the
migration of non‑small cell lung cancer cells and is associated
with a worse prognosis of (17). Chemotherapy sensitivity was
not confirmed in the bioinformatics analysis, because treatment

for each patient was not mentioned in TCGA database. Hence,
the study (21) was reviewed and how ANLN affects treatment
was identified. Knockdown ANLN decreases the expression of
cyclin D1, stalls the cell cycle in the G2/M phase and inhibits
breast cancer cell proliferation. Therefore, the study demon‑
strated that high expression of ANLN limits the efficacy of
chemotherapy in breast cancer; however, the reason for this is
still unclear (21). However, a direct association between ANLN
and chemotherapy in PC is yet to be reported.
Mutation of ANLN is uncommon, with only a few
patients (9.73%) presenting with ANLN gene alterations in
the present study. Among all alterations, increased mRNA
was most common and a significant correlation was identi‑
fied between methylation and ANLN mRNA expression.
Methylation at different positions causes diverse results,
including regulating gene expression (34). However, the
present study did not identify where ANLN methylation
occurs or whether the high levels of ANLN mRNA are
attributed to alterations in methylation. Further investigation
needed to resolve the exact association between methylation
and ANLN mRNA expression.
From GSEA, high expression of ANLN was correlated
with the ‘neuroactive ligand receptor interaction pathway’.
However, to the best of our knowledge no study has investi‑
gated this relationship in PC. Low expression of ANLN was
associated with ‘p53 signaling’, ‘cell cycle’, ‘DNA replication’,
‘mismatch repair’, ‘nucleotide excision repair’ and ‘PC path‑
ways’. Various reports have demonstrated that ANLN serves
an essential role as a regulator in the cell cycle pathway during
which eukaryotic cells divide (12,35). Chromosome‑derived
Ran‑GTP signals decrease local ANLN expression in the
cortex of proliferating cells, which causes asymmetric
membrane elongation during mitosis (36). As reported, under
pathological circumstances, the development of multiple
cancer types can be caused by genetic mutations and dysregu‑
lated mitotic proliferation (37). In other words, abnormal
expression of ANLN during the cell cycle may promote the
development of cancer. Further studies, including investiga‑
tion of the relative pathways and treatment associated with
ANLN expression, are needed in PC.
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