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Background: This study aimed to investigate the relationship between the expression of aspartate p-hydroxylase (ASPH)
and the molecular mechanisms of ASPH-related genes in breast cancer (BC).

Material/Methods: ASPH expression was determined by immunohistochemistry and western blot analysis in samples of BC tis-
sues and adjacent normal tissues. ASPH mRNA expression data and their clinical significance in BC were re-
trieved from the Oncomine and GEPIA datasets. Enrichment analysis of genes coexpressed with ASPH and an-
notation of potential pathways were performed with Kyoto Encyclopedia of Genes and Genomes (KEGG) and
gene ontology (GO) analysis. Hub genes were shown in an ASPH coexpression gene-interaction network. The
expression of the hub genes associated with patient survival were analyzed to determine the role of ASPH in
the progression of BC.

Results: ASPH levels were overexpressed in BC and correlated with cancer type, lymph node involvement, and TNM
stage. Conversely, ASPH levels did not correlate with patient age, invasive carcinoma types, or molecular sub-
types. Enrichment analysis showed the involvement of multiple pathways, including lipid metabolism and ox-
idation-reduction processes. Six hub genes, PPARG, LEP, PLIN1, AGPAT2, CAV1, and PNPLA2, were related to
ASPH expression and had functional roles in the occurrence and progression of BC.

Conclusions: ASPH may be involved in the development of BC and may have utility as a prognostic biomarker in BC. The co-
expression of ASPH-associated genes may also be beneficial in improving BC prognosis.

MeSH Keywords: Biological Markers ¢ Breast Neoplasms ¢ Dioxygenases ¢ Prognosis

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/926752

%2439 E‘ZIZ MEI7 %40

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

Background

Breast cancer (BC) is the most frequently occurring malignancy
in women and its worldwide incidence continues to rise [1-4].
BC that is identified early is highly curable; however, the over-
all cure rates are reduced by the outcomes of patients whose
initial symptoms are not detected early and patients who pres-
ent with advanced disease. Molecular targeted therapy is cu-
rative in BC, but patients diagnosed with advanced disease
and distant metastases have poor 5-year survival rates of less
than 25% [5,6]. BC can be divided into 4 molecular subtypes,
namely, Luminal A, Luminal B, triple-negative BC (TNBC), and
human epidermal growth receptor (HER2) positive tumors, ac-
cording to estrogen receptor (ER), progesterone receptor (PR),
Ki67, and HER2 expression [7]. There is a critical unmet need
for more effective biomarkers of early BC detection and pre-
diction of response to therapy.

Aspartate B-hydroxylase (ASPH) is a type-Il transmembrane
86-kDa protein that functions as an a-ketoglutarate-depen-
dent dioxygenase, which leads to the hydroxylation of aspar-
tyl and asparagine residues in the epidermal growth factor-like
domains of various proteins [8,9]. During embryonic develop-
ment, ASPH promotes cell migration and organ development.
Although it is rarely detected in normal adult tissues, ASPH
is related to the occurrence and progression of cancers [10].
ASPH has recently been shown to promote BC development
and metastasis by activating the Notch cascade [11]. ASPH is
also overexpressed and strongly correlated with tumor inva-
siveness and poor prognosis in various tumor types, includ-
ing colorectal [12], hepatocellular [13], non-small cell lung [14],
pancreatic [15-17], and prostate cancer [18], and cholangio-
carcinoma [19,20].

ASPH regulates cancer cell proliferation, invasion, and metas-
tasis via several signaling pathways, but its specific regulato-
ry mechanisms in BC have not been fully determined [21]. To
identify the role of ASPH in BC, we aimed to investigate cor-
relations between ASPH expression and the clinical character-
istics of patients with BC. Also, using bioinformatics analyses,
we explored the potential corresponding molecular pathways
of the hub genes coexpressed with ASPH.

Material and Methods

Patients and Tissues

Tissue samples were obtained from patients with BC who un-
derwent surgical resection at the Liaocheng People’s Hospital
between August 2018 and June 2019. The samples included 96
BC tissue samples and 22 normal tissue samples adjacent to
the tumors. The clinical characteristics of the study participants
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were retrospectively retrieved from medical records. A total of
96 paraffin blocks of fixed tissues were prepared for immu-
nohistochemistry, and 30 matched pairs of fresh tumor and
healthy tissues were analyzed by western blot analysis.

Of the 96 patients, 43 had an age of diagnosis <50, and 53
had an age of diagnosis >50. None of the patients had re-
ceived chemotherapy before surgery. All tissues underwent
standard histopathological analyses to determine histological
type, tumor grade, molecular type, and lymph node metasta-
sis. Of the 96 tumor samples, 65 were determined to be ear-
ly-stage (I-I) and 31 were determined to be advanced stage
(I-1V) tumors. Subtype analysis of the samples showed 17 tu-
mors were Luminal A, 44 tumors were Luminal B, 12 tumors
were HER2 positive, and 13 tumors were TNBC. Study approv-
al was obtained from the Ethics Committee of the Liaocheng
People’s Hospital. All clinicians agreed to the study, and all pa-
tients gave their written informed consent.

Immunohistochemistry

Immunohistochemistry was performed in 4-um serial sections
using a mouse streptavidin-biotin detection system (SP-9002;
Zhongshan Jingiao Biological Technology Co, Beijing, China),
according to the manufacturer’s instructions. The following pri-
mary antibodies were used for immunohistochemical analysis:
mouse monoclonal anti-ASPH (A-10, sc-271391; Santa Cruz
Biotechnology), anti-ER (790-4325, 1: 100; Roche Diagnostic
GmbH), anti-PR (790-4296, 1: 100; Roche Diagnostic GmbH),
and anti-HER2 (790-4493, 1: 100; Roche Diagnostic GmbH).
Cells from 5 randomly selected high-power fields in each tissue
section were counted, and the level of expression was estimat-
ed from the percentage of sections with ASPH-positive cells.

Each slide was assessed by 2 independent pathologists to ob-
tain the average percentage of expression levels and the in-
tensity of the immunostained cells. The average percentage
was scored as follows: 0 (0-5%); 1 (5-25%); 2 (26-50%); 3
(51-75%); and 4 (76-100%). The intensity of stained cells was
scored as follows: 0 (negative); 1 (low); 2 (moderate); and 3
(high). The final immunohistochemistry scores were calculat-
ed by multiplying the intensity of the stained cells (0 to 3) by
the average percentage of cell staining (0 to 4).

Western blot analysis

For western blot analysis, total protein was extracted with ra-
dioimmunoprecipitation assay lysis buffer, and the protein con-
centration of samples was determined using a bicinchoninic
acid assay. Amounts of 20 pg to 40 pg of cell lysates were sep-
arated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and wet-transferred to a polyvinylidene fluoride mem-
brane. The primary antibody used was a mouse monoclonal
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Figure 1. Aspartate B-hydroxylase (ASPH) expression in breast cancer (BC). (A) Representative immunostaining for ASPH expression in
negative normal breast tissue and in BC tissue showing weakly positive, moderately positive, and strongly positive staining.
(B) Western blotting results of ASPH expression in tissues from patients with different stages of BC. (C) Quantitative analysis
of ASPH expression in different stages of BC; n=30. (D) ASPH expression by molecular subtypes in BC. * P<0.05, ** P<0.01.

anti-ASPH (A-10, sc-271391; Santa Cruz Biotechnology). The
membrane was then incubated with a goat anti-mouse IgG
(H+L) antibody (A0216; Beyotime Biotechnology) labeled with
horseradish peroxidase, and the bands were detected using
an ECL chemiluminescent detection kit. The band intensity
was detected using the Image J software (National Institutes
of Health, Bethesda, MD, USA), and the relative expression of
ASPH was calculated by normalization to the expression of
B-actin (C4; sc-47778; Santa Cruz Biotechnology).

Expression of ASPH mRNA in BC

Expression data on ASPH in BC and across 20 other sol-
id tumor types were retrieved from the Oncomine database
(https://www.oncomine.org) [22], and analyzed using box di-
agrams drawn with Origin software (https://www.originlab.
com). Oncomine data were used to analyze the relationships
between ASPH mRNA expression and BC cancer type, lymph
node involvement, and TNM stage. Data from the Cancer
Genome Atlas were used to analyze the relationship between
ASPH mRNA expression and BC. Patient prognosis was in-
vestigated using cBioPortal (http://www.cbioportal.org) and
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Figure 2. Boxplots of aspartate B-hydroxylase (ASPH) mRNA expression in breast cancer (BC) extracted from Oncomine. (A) ASPH
mRNA expression in BC compared to normal breast tissues in the Ma 4 dataset [36]. (B) ASPH mRNA expression grouped
by cancer type in the Ma 4 dataset [36]. (C) ASPH mRNA expression grouped by lymph node involvement in the Radvanyi
dataset [37]. (D) ASPH mRNA expression grouped by T stage in the Bonnefoi dataset [38]. (E) ASPH mRNA expression
grouped by N stage in the Zhao dataset [39]. (F) ASPH mRNA expression grouped by M stage in the Bonnefoi dataset [38].
(G) ASPH expression in the Esserman dataset grouped by PAM50 Class [40]. * P<0.05 for all comparisons.

the gene expression profile interactive analysis tool (GEPIA)
(http://gepia.cancer-pku.cn).

Screening and cluster analysis of genes coexpressed with
ASPH

Genes coexpressed with ASPH in BC were identified using
the gene expression-based outcome for breast cancer online
(GOBO, http://co.bmc.lu.se/gobo/gsa.pl), GEPIA, and cBioPor-
tal resources. ASPH mutations including amplification and de-
letion were retrieved from cBioPortal. The database for an-
notation, visualization and integrated discovery v6.8 (DAVID)

and Cytoscape were used to analyze the functional and sig-
naling pathway enrichment of genes coexpressed with ASPH.

Screening and analysis of hub genes

A protein-protein interaction (PPI) network was created with
the STRING database (http://www.string-db.org) and drawn
using Cytospace 3.4.0. The rank of gene connectivity degree
in the PPl network was identified using the cytoHubba pl-
ugin. The relationships between ASPH expression and the
hub genes were analyzed online with GEPIA. Overall surviv-
al and relapse-free survival associated with the expression
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Table 1. Summary of the clinicopathological characteristics and aspartate B-hydroxylase (ASPH) expression in breast cancer (BC).
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Table 1 continued. Summary of the clinicopathological characteristics and aspartate B-hydroxylase (ASPH) expression in breast cancer

(BO).

Clinical pathology

Positive (n) Positive

2 3
rate (%) X P-value

Molecular types

Luminal A 17
"""" lminal® a4
"""" WER2+ 121
"""" Basalike 13 1

Moderate High

6 2 82.35 13.884 0.126
"""""""" 7 9 795
4 4 7500
""""""""" 3 o8 93t

of hub genes were evaluated using the Kaplan-Meier Plotter
(http://kmplot.com/analysis).

Data analysis

Statistical analyses were performed using SPSS software (IBM
SPSS, Armonk, NY, USA). Chi-square tests were used to eval-
uate the relationships between ASPH expression and clinico-
pathological characteristics of patients. Data are presented as
the mean+SEM and were evaluated by 1-way ANOVA followed
by Turkey correction. Values of P<0.05 and P<0.01 were con-
sidered statistically significant.

Results

ASPH Expression in BC

Representative photomicrographs of tissues with positive im-
munohistochemical staining of ASPH are shown in Figure 1A.
The ASPH protein staining of BC tissues and adjacent normal
tissues is shown in Figure 1B. Patients were stratified into 3
groups (Stages 0, Il, and IIl) according to the TNM data obtained
from medical records for correlation with the results from west-
ern blot analysis. The expression of ASPH was enhanced in tu-
mors compared to in adjacent normal tissues, and the level
of expression was related to TNM stage (Figure 1B, 1C). ASPH
expression was significantly higher in Stage Il than in Stage 0
patients (t=—11.778, P=0.007) and significantly higher in Stage
[l than in Stage O patients (t=—10.049, P=0.010). The differ-
ence in expression between Stage Il and Ill patients was not
significant (t=—1.978, P=0.187) (Figure 1B, 1C).

The Oncomine database was used to retrieve the levels of
ASPH mRNA expression in BC and normal breast tissue. ASPH
mRNA expression was rarely detected in normal tissue in the
tumor epithelium and had a high level of expression in cancer
tissues (Figure 2A), with higher expression in invasive ductal
carcinoma than in ductal carcinoma in situ tissues (Figure 2B).

ASPH mRNA expression was correlated with the degree of
lymphatic involvement (Figure 2C) and with increasing TNM
stage (Figure 2D-2F), and showed no association with ER, PR,
or HER2 status (P>0.05) (Figure 2G).

Data from the Oncomine database showed that ASPH was also
strongly upregulated in other tumor types including brain and
central nervous system, colorectal, esophageal, head and neck,
kidney, liver, and pancreatic cancers and lymphoma and sar-
coma (Supplementary Figure 1).

Correlation of clinicopathological characteristics with ASPH
expression

The clinicopathological characteristics and ASPH expression lev-
els of the study participants are summarized in Table 1. ASPH
protein expression was higher in BC (83.3+1.8%) compared
to adjacent normal tissues (36.4+2.6%) and was significantly
lower in carcinoma in situ (55.6+6.4%) than in invasive carci-
noma (86.2+0.66%). ASPH expression was higher in late-stage
disease (93.5+.9%) than in early-stage disease (80.0+0.9%).
However, APSH expression was not associated with ER, PR, or
HER2 status (Figure 1D, Table 1) (P>0.05).

Analysis of 1070 BC samples carrying the BRCA gene in GEPIA
showed lower overall survival in patients with high ASPH ex-
pression compared to those with low ASPH expression, us-
ing a group cutoff of median expression. The difference in re-
lapse-free survival was not significant between the 2 groups
(Figure 3).

Screening and analysis of ASPH-related genes

Screening and analysis of ASPH-related genes were based
on 254 coexpression genes, of which 35 genes were found
in GOBO, 197 in GEPIA, and 25 in cBioPortal. DAVID software
was used to perform functional and pathway enrichment anal-
ysis. Enrichment analysis identified pathways including 3 types
of biological processes, cellular components, and molecular
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Figure 3. Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival for patients with breast cancer (BC), stratified by
aspartate B-hydroxylase (ASPH) expression.

Table 2. The top 5 GO and KEGG pathway analysis of coexpressed genes associated with aspartate B-hydroxylase (ASPH).

Category Term Description Count P-value
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Figure 4. The top 5 GO terms and KEGG enriched pathways. The horizontal axis represents the count of the enriched genes and
P value; the vertical axis represents the enriched GO terms and KEGG pathway. KEGG — Kyoto Encyclopedia of Gene and
Genomes; GO — gene ontology; MF — molecular function; CC — cellular component; BP — biological processes.

functions. Data outputs from the Kyoto Encyclopedia of Genes
and Genomes (KEGG) are shown in Table 2 and Figure 4.

Construction of a PPl network and selection of hub genes

Interactions between the 254 coexpression genes were de-
tected using the Cytoscape software following STRING analy-
sis with a combined score of >0.4. The PPI network of the co-
expressed genes consisted of 186 nodes and 425 edges. Of
these, 91 genes were differentially expressed in BC (Figure 5A).
CytoHubba analysis identified 12 hub genes (Figure 5B). The
correlation of molecular subtypes with hub genes was visual-
ized using heat map analysis (Figure 5C). Of the 12 hub genes,
6 were downregulated in BC tissues (Figure 6A). Survival anal-
ysis with the Kaplan-Meier Plotter revealed that patients with
high AGPAT2 expression had a poor prognosis. Also, patients
with low expression of PPARG, LEP, PLIN1, CAV1, and PNPLA2
had a poor prognosis (Figure 6B, 6C).

Discussion

During tumor progression in BC, many biomarkers are over-
expressed, including H3K9-specific histone methyltransferase
and SETDB1 [23]. ASPH is a highly conserved B-dioxygenase
enzyme which is sequestered in normal adult tissues. ASPH
is overexpressed in a variety of cancer types, including non-
small cell lung, pancreatic, cholangiocarcinoma [12,19], hepa-
tocellular [13], and colorectal cancer [12]. ASPH overexpression
promotes tumor cell invasion and migration [24]. The specif-
ic small molecular inhibitor MO-1-1182 inhibits cancer migra-
tion and invasion by targeting ASPH [11,13,19]. Activation of
the Notch cascade by ASPH has been shown to promote tu-
mor progression in BC [11]. The pro-tumor activities of ASPH-
mediated Notch activation lead to poor prognosis in lung,
thyroid, pancreatic, renal, and cervical cancers (protein atlas
database: https://www.proteinatlas.org/ENSG00000198363-
ASPH) [25,26]. Also, ASPH can activate other growth factor sig-
naling pathways, such as WNT/B-catenin and IN/IGF1/IRS1/
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Figure 5. Protein-protein interaction (PPI) network of the aspartate B-hydroxylase (ASPH)-correlated genes. (A) The PPI network for
coexpressed genes constructed using Cytoscape. Pink dots represented the strong ASPH-correlated genes. (B) The rank of
the degree of gene connectivity using the cytoHubba plugin represented by different degrees of color (from red to yellow).
(€) Heat map analysis showing the correlation of molecular subtypes with the hub genes.
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Figure 6. (A) Expression of hub genes in breast cancer (BC) tissues and (B) the overall survival and (C) relapse-free survival curves
using the Kaplan-Meier Plotter online platform. * P<0.05 was considered statistically significant.
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PI3K/AKT [26,27], which have been implicated in the develop-
ment and progression of other malignancies.

In the present study, we hypothesized that ASPH could be used
as a prognostic biomarker in BC patients and explored the ex-
pression and possible mechanisms of ASPH. Similar to the re-
sults of a previous study [11], we found ASPH overexpression
in BC tissues, particularly in invasive BC tissues, in which it
was significantly upregulated and correlated with lymph node
involvement and TNM stage. Furthermore, patients with high
ASPH expression showed poor overall survival. However, we
found no significant differences among different BC molecu-
lar subtypes (Luminal, HER2 amplified, or TNBC), which is in
contrast to the results of the previously published study [11].
This may have been due to the relatively small number of sam-
ples analyzed in our study.

Gene ontology (GO) analysis showed that differences in the
biological processes of coexpressed genes were significant-
ly enriched for lipid metabolism, oxidation-reduction, fatty
acid beta-oxidation, carboxylic acid metabolism, and oxoacid
metabolic processes. Changes in the cell components of co-
expressed genes were mainly enriched in lipid particles, fo-
cal adhesion, cell-substrate adherent junctions, cell-substrate
junctions, and membrane-bounded vesicles. Changes in the
molecular function were mainly enriched in cofactor binding,
protein serine/threonine kinase inhibitor activity, and trans-
ferase activity. KEGG pathway analysis revealed that coex-
pressed genes were mainly enriched in processes including
the regulation of lipolysis in adipocytes, the biosynthesis of
antibiotics, metabolic pathways, pyruvate metabolism and the
PPAR signaling pathway. Interestingly, both lipid and carboxyl-
ic acid metabolism are important in BC progression [28]. Also,
ASPH is thought to play an important role in calcium homeo-
stasis, which can regulate oxidative phosphorylation and im-
pact the structure and function of cells. Therefore, ASPH and
coexpressed genes may have important roles in BC develop-
ment, mediated by several complex molecular mechanisms.

CLINICAL RESEARCH

Six hub genes, namely, PPARG, LEP, PLIN1, AGPAT2, CAV1, and
PNPLA2, formed a PPl network. These hub genes were signifi-
cantly downregulated in BC tissue compared to in adjacent nor-
mal tissue. Previous studies have shown that these genes are
involved in the development of BC. PPARG, peroxisome prolif-
erator-activated receptor-gamma, is an important part of the
PPAR signaling pathway, which participates in tumor patholo-
gy [29]. PPARG is related to chemoresistance in BC [30], which
is consistent with the survival analysis of the present study.
Also, LEP expression is low in BC. High levels of LEP expres-
sion were associated with good prognosis in our study, which
differed from an earlier report indicating LEP overexpression
in BC [31]. PLIN1 promotes BC cell proliferation and migra-
tion [32]. CAV1 plays a key role in the stress response of BC
cells by regulating lysosomal function and autophagy [33]. The
biological processes of AGPAT2 and PNPLA2 are closely related
to fat metabolism [34,35], which is consistent with the enrich-
ment of this pathway analysis in the present study. These re-
sults show that the hub genes and ASPH may play important
roles in the development of BC. However, it is unclear wheth-
er the above hub genes directly interact with ASPH. Further
evaluation of the potential role of the hub genes identified in
this study is needed.

Conclusions

High ASPH expression was strongly correlated with poor prog-
nosis in BC samples, suggesting that ASPH is a promising prog-
nostic biomarker. The functional roles of ASPH and its coex-
pressed hub genes may be potential therapeutic targets in
the treatment of BC.

Conflicts of interest

None.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€926752-11




CLINICAL RESEARCH

Supplementary Data

ZhangY.etal.:
Characterization of the relationship between the expression of aspartate...
© Med Sci Monit, 2020; 26: €926752

Supplementary Figure 1. mRNA expression levels of aspartate
Analysistype by cancer (ay;er B-hydroxylase (ASPH) in various cancer
normal types. The dataset was retrieved from
the Oncomine database. The number
Bladder cancer of analyses meeting the thresholds
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the cell is dependent on the gene
Breast cancer rank. Dark red represents genes that
Cervical cancer were significantly upregulated, and
dark blue represents genes that were
Colorectal cancer significantly downregulated.
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