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Proteomic analysis of inhibitor of apoptosis protein-like
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Abstract. Although inhibitor of apoptosis protein-like protein-2
(ILP-2) is considered to be a novel enhancer of breast cancer
proliferation, its underlying mechanism of action remains
unknown. Therefore, the present study aimed to investigate the
expression profile of ILP-2-related proteins in MCF-7 cells to
reveal their effect on promoting breast cancer cell prolifera-
tion. The isobaric tags for relative and absolute quantification
(iTRAQ) method was used to analyse the expression profile of
ILP-2-related proteins in MCF-7 breast cancer cells transfected
with small interfering (si)RNA against ILP-2 (siRNA-5 group)
and the negative control (NC) siRNA. The analysis of the
iTRAQ data was carried out using western blotting and reverse
transcription-quantitative PCR. A total of 4,065 proteins were
identified in MCF-7 cells, including 241 differentially expressed
proteins (DEPs; fold change =1.20 or <0.83; P<0.05). Among
them, 156 proteins were upregulated and 85 were downregu-
lated in the siRNA-5 group compared with in the NC group. The
aforementioned DEPs were mainly enriched in ‘ECM-receptor
interaction’. In addition, the top 10 biological processes related
to these proteins were associated with signal transduction, cell
proliferation and immune system processes. Furthermore, ILP-2
silencing upregulated N(4)-(B-N-acetylglucosaminyl)-L-aspar
aginase, metallothionein-1E and tryptophan 2,3-dioxygenase,
whereas ILP-2 overexpression exerted the opposite effect. The
results of the present study suggested that ILP-2 could promote
breast cancer growth via regulating cell proliferation, signal
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transduction, immune system processes and other cellular
physiological activities.

Introduction

Breast cancer is a common malignancy in women (1), with
increasing incidence and mortality rates worldwide (2). In 2017,
252,710 new breast cancer cases were recorded in the United
States (1). Although breast cancer therapies have improved,
more breast cancer cases have been reported in recent years
compared with 2008, possibly due to specific key risk factors,
such as alcohol consumption, obesity and ageing (3). Therefore,
novel treatment approaches and diagnostic tools for the early
diagnosis of breast cancer are urgently required.

With the recent discovery of drugs targeting specific
molecules in breast cancer, such as human epidermal growth
factor receptor 2, epidermal growth factor receptor and the
mammalian target of rapamycin signalling pathway, targeted
therapy has been attracting increasing interest (4-6). It has
been reported that inhibitor of apoptosis protein-like protein-2
(ILP-2) is upregulated in breast cancer cells and tissues, and
promotes breast cancer growth (7). Protein expression levels
of ILP-2 in breast cancer cell lines, such as MX-1 and MCF-7,
have been found to be significantly increased when compared
with those in the breast epithelial cell line MCF-10A, and small
interfering (si)RNA-5 has demonstrated higher knockdown
(KD) efficiency on ILP-2 than siRNA-3. A previous study
from our laboratory suggested that ILP-2 could be considered
a serological biomarker and a novel growth factor in breast
cancer (8). However, the mechanism underlying the effect of
ILP-2 on promoting breast cancer growth remains unknown.

Isobaric tag for relative and absolute quantitation (iTRAQ)
is an accurate and reliable proteomic method used for quantita-
tive analysis (9). This method is applied in proteomic analysis
via combining liquid chromatography and tandem mass spec-
trometry (LC-MS/MS). These tags can be covalently linked
to amino acids, including N-terminal amino acids and lysine
side chain amino acids, through stable isotopically labelled
molecules (10-12).

The present study aimed to investigate the expression
profile of ILP-2-related proteins in MCF-7 cells to reveal the
mechanism underlying the effect of ILP-2 on accelerating
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breast cancer cell proliferation and to ascertain whether ILP-2
could act as a novel target for the targeted therapy of breast
cancer.

Materials and methods

Cell culture and collection. MCF-7 and MX-1 cells lines were
obtained from the American Type Culture Collection. Cell
lines were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% foetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1%
Penicillin-Streptomycin mixture (Beijing Solarbio Science &
Technology Co., Ltd.) in 5% CO, at 37°C.

RNA interference. MCF-7 and MX-1 cell lines were divided into
the siRNA-5 group (KD group), which targeted ILP-2, and the
negative control (NC) group. According to the manufacturer's
instructions, Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) and siRNA [siRNA-5 (sense, 5'-CUAUAC
GAAUGGGAUUUGATT-3' and antisense, 5S-UCAAAUCCC
AUUCGUAUAGTT-3") and NC siRNA (sense, 5'-UUCUCC
GAACGUGUCACGUTT-3" and antisense, 5'-ACGUGACAC
GUUCGGAGAATT-3") (both from Shanghai GenePharma
Co., Ltd.)] were individually mixed at 1:1 (volume ratio) and
stored for 20 min at room temperature. Two groups of mixed
siRNA (siRNA-5 and NC) and Lipofectamine 2000 were
added to MCF-7 and MX-1 cells at a cell density of 50%, and
cultivated in 5% CO, for 24 h at 37°C. The siRNA had a final
concentration of 100 nM (13,14). Total proteins and RNA were
separately extracted, and then proteins and RNA were analysed
via western blotting and reverse transcription-quantitative
(RT-q)PCR analysis, respectively.

Overexpression plasmid vector construction. Plasmid
vector GV219, restriction endonuclease Xhol/Kpnl, primers
and Escherichia coli strains were obtained from Shanghai
GeneChem Co., Ltd. The primers were designed based on
the sequence of the coding region of the BIRC-8 (ILP-2)
gene in the National Center for Biotechnology Information.
ID no. BIRC8(69070-1)-pl, SACGGGCCCTCTAGACTCG
AGACTCCACCGCGTGGTTTC-3" and BIRCS (69070-1)-p2,
S“TTAAACTTAAGCTTGGTACCTTGAGTCACATCACAC
ATTTAATC-3'. The target gene fragments were prepared and
the digestion sites were constructed according to the vector
requirements. The linearised vector and the target gene ampli-
fication products were used to formulate the reaction system,
and the recombination reaction was carried out to achieve
in vitro cyclisation of the linearised vector and the target gene
fragment. The recombinant product was directly transformed
and single clones from the plates were chosen for PCR iden-
tification, sequencing of positive clones and analysis of the
results. The correct clone broth was expanded and extracted
to obtain a high purity plasmid for subsequent experiments.

Plasmid extraction. The correctly sequenced bacteriophage
was transferred to 10 ml lysogeny broth liquid medium
(both from Shanghai GeneChem Co., Ltd.) containing the
corresponding antibiotics (50 mg/l ampicillin), incubated
overnight at 37°C, and the plasmid was extracted using the
Plasmid Small Extraction Medium Kit (Shanghai GeneChem

Co., Ltd.). The overnight culture was collected in a labelled
5-ml centrifuge tube at 12,000 x g and centrifuged for 2 min
at 4°C to collect the bacterium. The supernatant was discarded,
250 ul cell resuspension solution was added and then shaken to
keep the bacterium in suspension. Subsequently, 250 x1 RIPA
lysis buffer and 10 ul proteinase K was added, mixed gently
by inverting up and down 5-6 times, and then left for 1-2 min
to clarify the lysis. Neutralising Solution (350 ul) was added,
mixed upside down to completely remove the protein and left
for 5 min in an ice bath. Centrifugation was performed at
10,000 x g for 10 min at 4°C, the protein was then discarded
and the supernatant was collected in a clean, sterile 1.5 ml
Eppendorf (EP) Tube®. Centrifugation was performed at
12,000 x g for 5 min at 4°C and a labelled recovery column was
prepared. The lower waste layer was discarded. Subsequently,
600 ul pre-programmed rinse solution was added, centrifuged
at 12,000 x g for 1 min at 4°C and the lower waste layer was
discarded, this was repeated at 12,000 x g for 2 min at 4°C to
further remove the residual rinse solution. The column was
transferred to a new 1.5-ml EP tube on the ultra-clean table
and left to stand for 10-20 min to dry. Nuclease-Free Water
(95 ul) was added to the recovery column, left for 2 min,
centrifuged at 12,000 x g for 2 min at 4°C, and the samples
were collected for numbering, electrophoresis, determination
of concentration and quality control.

According to the manufacturer's instructions,
Lipofectamine 2000 and plasmid vector GV219 [GV219-ILP-2
and GV219 empty vector (NC)] were individually mixed at
1:1 (volume ratio) and stored for 20 min at room temperature.
Mixed Lipofectamine 2000 and plasmid vector GV219 were
added to MCF-7 and MX-1 cells (cell density of ~50%) and
cultivated in 5% CO, for 24 h at 37°C, wherein the plasmid
vector GV219 (GV219-ILP-2 and NC) had a final concentra-
tion of 100 nM. Overexpression effects on ILP-2 expression
were analysed by western blotting.

Mixed Lipofectamine 2000 and plasmid vector GV219
(GV219-ILP-2 and NC) were added to the MCF-7 and MX-1
cells in the logarithmic growth phase and cultivated in 5%
CO, for 24 h at 37°C. Total proteins were separately extracted
from MCF-7 and MX-1 cells with RIPA buffer (Beyotime
Institute of Biotechnology). MCF-7 and MX-1 cells were
washed with 0.01 M PBS to remove the medium. Afterwards,
a lysis buffer (7 M urea and 4% SDS) containing 1 mM
phenyl-methane-sulfonyl fluoride was added to each group of
cells (1x107 cells). The cells were lysed on ice for 30 min and
then 12,000 x g for 5 min at 4°C to extract the supernatant of
the mixed solution for analysis, following which proteins were
analysed via western blotting.

ITRAQ assays

SDS-PAGE and protein digestion. Total proteins of the
aforementioned mixed solution from the two groups of cells
(siRNA-5 and NC) were extracted from MCF-7 cells with RIPA
buffer (Applygen Technologies, Inc.). Protein concentrations of
isolated proteins in the aforementioned two groups were deter-
mined by a BCA protein assay kit (Applygen Technologies, Inc.).
Protein concentrations of samples were adjusted to a constant
level using the dilution. Total protein (20 pg/lane) was separated
via SDS-PAGE on 10% gels. Proteins in the gels were cut into
gel slices, and the gel bands were digested by an in-gel trypsin.
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Table I. Liquid chromatography gradient of first dimensional
separation of peptides.

Time, min B, %
0 2

5 5
40 25
45 80
50 80
51 2
60 stop

Table II. Gradient elution of liquid chromatography and
tandem mass spectrometry.

Time, min B, %
0 2
70 40
70 90
75 90
75 2
90 2

Reductive alkylation and protease digestion. Dithiothreitol
(20 mM final concentration) was added to extracted protein
samples by SDS-PAGE (100 pg/ul), and the samples were
incubated at 37°C for 60 min. Iodoacetamide (40 mM final
concentration) was added and the samples incubated in the
dark at room temperature for 40 min. Pre-cooled acetone
(volume ratio of 5:1) was added to the samples, and the mixture
was placed at -20°C for 2 h. The sediment was collected by
centrifugation at 10,000 x g for 20 min at 4°C and re-dissolved
in 100 mM tetraethyl ammonium bromide buffer. Trypsin
(1 mg trypsin/50 mg protein) was added to the protein samples,
and settled at 37°C overnight.

Isotope labelling. Protease-digested proteins were labelled
with 113, 117, 114 and 118 isotopes. The NC group was labelled
with 113 and 117 isotopes, whereas the siRNA-5 group was
labelled with 114 and 118 isotopes. There were two biological
replicates and three technical replicates. Peptides (100 ug) were
labelled with an iTRAQ reagent tube (Applygen Technologies,
Inc.) (15,16).

First dimensional separation of peptides. Separation of
peptides was performed by ultra-high pressure liquid chroma-
tography (UPLC) (Waters Corporation) with a 2.1x150 mm X
Bridge BEH300 column (Waters Corporation). The moving
phase was a mixture of water (pH adjusted to 10.0 with
ammonia and formic acid) and acetonitrile, which was isocrat-
ically transmitted using a pump at a flow rate of 0.4 ml/min.
The wavelength of the ultraviolet absorbance detector was
214/280 nm. The percentages used for gradient elution are
listed in Table I. A total of 10 fractions were collected according

to different retention times. Rotation vacuum concentrators
(Christ RVC 2-25; Martin Christ Gefriertrocknungsanlagen
GmbH) were used for concentration, and dissolved in buffer
solution (pH adjusted to 10.0 with ammonia and formic acid)
for further analysis.

LC-MS/MS. Labelled peptides were analysed using a
NanoAcquity UPLC system (Waters Corporation) combined
with a quadrupole-Orbitrap mass spectrometer (Q-Exactive;
Thermo Fisher Scientific, Inc.), incorporating a C18 column
(75 uym x 25 cm; Thermo Fisher Scientific, Inc.). The mobile
phase was a mixture of water, with 2% acetonitrile and 0.1%
formic acid isocratically delivered using a pump at a flow
rate of 300 nl/min. The schemes used for gradient elution are
shown in Table II. Full-scan mass spectrometry (350-1,300 m/z)
was acquired with a first mass resolution of 70 K, and second
resolution of 17.5 K (Chromeleon 7.3 CDS software; cat.
no. CHROMELEON?7; Thermo Fisher Scientific, Inc.).
Fragmentation was used for high-energy collision dissociation.
The micro scan was recorded using dynamic exclusion of 18 sec.

iTRAQ data analysis. The MS/MS data of iTRAQ were
analysed using Proteome Discoverer Software version 2.1
(Thermo Fisher Scientific, Inc.) and searched in Unipr
ot-proteomes-homo-sapiens-70611.fasta. The database
had 70,611 entries and the date of download was July 15,
2016 [project ID. IPX0001520000; https://www.iprox.
cn/page/PSV023.html;?url=16405008323171EBO (password,
deZn)]. Result-filtered parameters were used to control peptide
level false discovery rates <1%. Protein quantification was
performed by only using unique peptides, and normalisation
of protein medians was applied to rectify experimental devia-
tion, which was accomplished by using retrieval software.
The ratios of the samples were weighted, and normalised by
contrasting the NC group (sample tagged as 113 and 117) to
the denominator for protein quantitation. Regarding the quan-
titative changes, a =1.2 or <0.83 fold-change (FC) takeout and
P<0.05 (t-test) were set for differentially expressed proteins
(DEPs).

Gene Ontology (GO; http://www.geneontology.org/)
and Kyoto Encyclopedia of Genes and Genomes (KEGG;
http://www.genome.jp/kegg/) pathway analyses were applied
to annotate and classify all authenticated proteins. The
Database for Annotation, Visualization and Integrated
Discovery (DAVID) version 6.8 Functional Annotation Tool
(https://david.ncifcrf.gov/) was applied to process the DEPs for
the enrichment analysis. Fisher's exact test was used to filter
results. ClueGO of Cytoscape software (http:/www.cyto-
scape.org/) was performed to assess GO biological networks.
Search Tool for the Retrieval of Interacting Genes (STRING)
version 10.0 (http://www.string-db.org/) was applied to analyse
protein-protein interactions, and a high coefficient value of 0.7
was used as a cut-off. The expression patterns of DEPs (FC =1.2
or <0.83 and P<0.05) were identified by Cluster analysis using
hcluster (https://pypi.python.org/pypi/hcluster/0.2.0) (9,17).

Western blot analysis. Cells in the siRNA-5 and NC groups
(5x10° cells/group) were separately collected and western
blot analysis was carried out. Total proteins were extracted
from MCF-7 and MX-1 cells with RIPA buffer [150 mM
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Figure 1. Functional classification of all annotated proteins associated with inhibitor of apoptosis protein-like protein-2 in MCF-7 cells. (A) Proteins classified
into three main categories by Gene Ontology analysis, including biological process, cellular component and molecular function. The left y-axis indicates the
percentage of a specific category of proteins in that category. The right y-axis indicates the number of proteins in the category. (B) Proteins were classified into
five main categories by KEGG analysis, including ‘metabolism’, ‘genetic information processing’, ‘environmental information processing’, ‘cellular processes’
and ‘organismal systems’, indicated by A, B, C,D and E on the y-axis, respectively. The x-axis indicates the percentage of proteins within that specific category.
(C) The number of proteins in the top 20 pathways determined by KEGG analysis. The y-axis indicates the number of proteins in the category. "P<0.05,
“P<0.01, ""P<0.001 vs. the NC group. KEGG, Kyoto Encyclopedia of Genes and Genomes; NC, negative control.
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NaCl, 20 mM Tris, 0.1% SDS (pH 7.5), 1% deoxycholate and
1% Triton X-100] supplemented with protease inhibitors. The
protein concentration was determined using a BCA Protein
Assay kit. Subsequently, total proteins (30 pg/per lane) were
separated by SDS-PAGE on 10% gels at 70 V for 20 min and
then at 100 V for 100 min. The proteins were then transferred
onto PVDF membranes (Merck KGaA) at 350 mA for 105 min.
After blocking with 5% skimmed milk powder in TBS with
0.05% Tween-20 (TBST) for 2 h at 37°C, the membranes
were incubated with primary antibodies against metallothio-
nein 1E (MTI1E; mouse IgG; 1:500; cat. no. MAD794Hu21;
Cloud-Clone Corp.), ILP-2 (rabbit IgG; 1:1,000; cat.
no. ab9664), tryptophan 2,3-dioxygenase (TDO2; rabbit IgG;
1:500; cat. no. ab84926), N(4)-(pB-N-acetylglucosaminyl)-L-as
paraginase (AGA; rabbit IgG; 1:500; cat. no. ab231021; all from
Abcam), Tubulin (rabbit IgG; 1:1,000; cat. no. ab6046; Abcam)
and GAPDH (mouse IgG; 1:2,500; cat. no. 60004-1-Ig; both
from ProteinTech Group, Inc.) overnight at 4°C. The next day,
the membranes were washed with TBST and incubated with
HRP-conjugated goat anti-rabbit IgG (1:5,000; cat. no. ab6728;
Abcam) and HRP-conjugated AffiniPure goat anti-rabbit IgG
(H+L) (1:5,000; cat. no. ZB-2301; OriGene Technologies,
Inc.) for 1 h at room temperature. An ECL detection system
(SuperECL-Plus; Applygen Technologies, Inc.) was utilized
to visualise the immunoreactive proteins. The bands were
semi-quantified with ImageJ v1.8.0.112 software (National
Institutes of Health). Tubulin and GAPDH served as internal
controls. Experiments were repeated at least three times.

RT-gPCR analysis. To separately extract the total RNA of the
siRNA-5 and NC groups cells, the cell samples were washed
twice with 1 ml PBS in a cell culture dish, 1 ml TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was added
and evenly pipetted for transfer into a 1.5 ml RNase-free EP
tube to fully lyse the cells. This was left to stand at room
temperature for 10 min, after which 200 pl chloroform was
added, shaken vigorously for 15 sec and left to stand at room
temperature for 10 min. Subsequently, this mixture was
centrifuged at 4°C at 12,000 x g for 15 min, the upper colour-
less liquid phase was collected in a new 1.5 ml RNase-free
EP tube, 500 ul isopropanol was added, and then shaken and
mixed well. After 10 min at room temperature, the mixture was
centrifuged at 4°C at 12,000 x g for 10 min and the supernatant
was discarded; 1 ml 75% alcohol was added, gently shaken to
wash the precipitate, centrifuged at 4°C for 5 min at 12,000 x g
and the supernatant was discarded, which was repeated
twice. Subsequently, this was dried at room temperature for
15 min and 50 pl diethyl pyrocarbonate water was added to
dissolve the RNA. The OD 260/280 of RNA was measured
on the nucleic acid protein detector to detect the purity of
total RNA, and the RNA sample was run via 1% agarose
gel electrophoresis to detect RNA integrity. RT of RNA was
performed according to the manufacturer's instructions of the
gPCR RT Kit (Thermo Fisher Scientific, Inc.). The concentra-
tion of total RNA of the aforementioned two groups of cells
was adjusted to 100 ng/ul. The components were added to a
0.2-ml RNase-free EP tube in the following order to prepare
the RT reaction solution: 2 ul 5X RT Buffer, 0.5 ul RT Enzyme
Mix, 0.5 pl Primer Mix, 1 ug RNA and the reaction solution
was made to 10 ul by adding RNA-free water. For RT, the

aforementioned mixture was loaded onto a PCR machine, and
RT was performed at 37°C for 15 min and at 98°C for 5 min,
and the cDNA was stored at 4°C for immediate use or at -20°C
for long-term use. For qPCR, the manufacturer's instructions
of Bestar SYBR Green qPCR Master mix kit (DBI Bioscience)
were followed. The 20-u1 reaction solution was prepared with
the following components: 10 ul Bestar SYBR Green qPCR
Master mix, 0.5 yl PCR forward primer (10 puM), 0.5 ul PCR
reverse primer (10 xuM), 1 ul DNA template and 8 ul ddH20.
gPCR was performed using the following thermocycling
conditions: Pre-denaturation at 95°C for 2 min; 40 cycles at
95°C for 10 sec, 60°C for 30 sec and 72°C for 30 sec; and the
melting curve was held at 95°C for 1 min and 55°C for 1 min.
RT-qPCR was repeated three times and the differences in
expression levels were calculated using the 2444 method (18).
Primers used were as follows: AGA forward, 5'-CACTGC
TTCTCAAGCTCTTCAT-3' and reverse, 5-GTTTGTAGG
GTCCGCAGTATTT-3"; MTIE forward, 5-CTTTCTTTG
CCCTCATTGCCC-3' and reverse, 5-TACAGTTGGGGT
TTGTGTCCC-3'; TDO2 forward, 5'-GACACTGGATACCGA
AGATGAA-3' and reverse, 5'-CACTGCTGAAGTAGGAGC
TATC-3"); and GAPDH forward, 5'-CATGAGAAGTATGAC
AACAGCCT-3" and reverse, 5-AGTCCTTCCACGATACCA
AAGT-3.

Statistical analysis. Date are presented as the mean + SEM.
Histograms were constructed using GraphPad Prism 8§
(GraphPad Software, Inc.). Comparisons between two groups
were analysed using an unpaired Student's t-test. Comparisons
among multiple groups were analysed using one-way ANOVA
followed by Bonferroni's post hoc test. Statistical analysis was
performed using SPSS software 17.0 (SPSS, Inc.). Experiments
were performed in triplicate. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Proteomic expression profiling of ILP-2-related proteins
in MCF-7 cells. iTRAQ-based proteomic analysis was used
to evaluate the expression profiles of ILP-2-related proteins
during MCF-7 cell proliferation. LC-MS/MS analysis gener-
ated 55,180 matched spectra, 20,857 peptides and 19,551
unique peptides (Fig. 1A-C). A total of 4,065 proteins were
identified by at least one unique peptide with a confidence
coefficient >95%. All proteins were subjected to GO anal-
ysis and grouped according to biological process, cellular
component and molecular function terms (Fig. 1A). These
proteins were mainly involved in the biological processes of
‘single-organism process’, ‘cellular process’ and ‘metabolic
process’, while ‘cell’, ‘organelle’ and ‘cell part’ accounted
for a large portion of proteins in the cellular component
term. Additionally, ‘catalytic activity’ and ‘binding’ were
the two most dominant categories in the molecular function
term (Fig. 1A). KEGG analysis revealed that these proteins
were mainly involved in the pathways of ‘global and over-
view maps’, ‘signal transduction’ and ‘translation’ (Fig. 1B).
In the top 20 signalling pathways analysed by KEGG, a
large number of proteins were associated with ‘pathways in
cancer’, ‘endocytosis’, ‘spliceosome’ and ‘RNA transport’
(Fig. 1C).
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Figure 2. DEPs in the cells of KD (siRNA-5) and NC groups. (A) Volcano plots of DEPs in the KD group vs. NC group. (B) Histogram of upregulated and
downregulated protein GO annotation in KD group vs. NC group. The bottom x-axis indicates the number of proteins annotated to a certain GO term. The
top x-axis indicates the proportion of proteins annotated to a certain GO term in the total number of proteins with GO term. (C) Number of DEPs in the KD
group vs. NC group. (D) The top 10 GO enrichment terms for KEGG pathways (E) Significantly enriched pathways in DEPs, determined by KEGG analysis.
“P<0.05, “P<0.01, ""P<0.001 vs. the NC group. DEP, differentially expressed protein; siRNA, small interfering RNA; NC, negative control; KD, knockdown;
GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Table III. Differentially expressed proteins in the KD vs. NC group (fold-change =1.66, P<0.05, n=3).
Protein expression (ng/ml)

Accession number Gene symbol NC KD
Q9BYX7 POTEKP 1.01 2.53
P04732 MTIE 1.07 2.33
P20933 AGA 1.13 242
P48775 TDO2 1.01 1.85
AO0AOAOMTQS CCDCI75 1.08 1.80

KD, knockdown; NC, negative control; POTEKP, putative B-actin-like protein 3; MT1E, metallothionein 1E; AGA, N(4)-(B-N-acetylglucos
aminyl)-L-asparaginase; TDO2, tryptophan 2,3-dioxygenase; CCDC175, coiled-coil domain-containing protein 175.
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Figure 3. Heatmap and clustering analysis of the expression patterns of DEPs in the KD and NC groups. (A) The heatmap of the DEPs. The table shows the
differentially expressed genes in the KD vs. NC group. (B) Sub-clusters 2, 3,6, 7, 8, 9 and 10 (including 1, 17, 2, 2, 4, 1 and 1 proteins) were upregulated
from the NC group to the KD group; sub-clusters 1,4 and 5 (including 10, 7 and 3 proteins) were downregulated from the NC group to the KD group. DEP,
differentially expressed protein; NC, negative control; KD, knockdown; MT1E, metallothionein 1E; AGA, N(4)-(p-N-acetylglucosaminyl)-L-asparaginase;

TDO?2, tryptophan 2,3-dioxygenase.

Identification of DEPs in ILP-2 KD MCF-7 cells. DEPs were
identified between cells transfected with siRNA-5 or NC
siRNA clones. ILP-2-related proteins with dynamic changes
were analysed during MCF-7 cell proliferation. Therefore, a
total of 241 DEPs (FC >1.20 or <0.83; P<0.05) were identi-
fied between the siRNA-5 and NC groups (Fig. 2A-C).
Among them, 156 proteins were upregulated and 85 were

downregulated (Fig. 2B and C). The top 5 DEPs are selectively
listed in Table III based on the FC (KD vs. NC) and P-values
(FC =1.66; P<0.05).

Functional analysis of ILP-2-related proteins in ILP-2 KD
MCF-7 cells. To reveal any differences between biological
pathways, GO functional enrichment analysis was performed



MCF-7 NC KD NC KD
ILP—2- 34 kDa AGA | g
Tubulin 55kDa  Tubulin | eum —
a0 < 0.6 r
S g
5 5
< o 2 04
o o
£ £
° 2
o o
= 5 02
(9] (3
2 2
k< k&
& ¢ 00

2.5
< *hx w
< £
B =
2 3
<@ >
< o
zZ <
£ g
3 €
g 2
[) «
o [)
o
NC KD
A NC KD NC KD
o <
' 1.0 0.8
g g
5 0. %
° >
5 0 -
3 2
e =
o g
= B
e ©
i 2= NC KD
< 2.5 E 5=
P4 =
S 2.0 - 5 4 -
2 ]
215+ @ 37
< <
Z 104 Z 2
€ €
205+ 214
© 8
& 0.0 g o-

NC KD

42kDa MTIE E 36 kDa

55 kDa

XIANG et al: PROTEOMIC ANALYSIS OF ILP-2 IN BREAST CANCER

NC KD

NC KD

=y

TDO2
GAPDH

48 kDa
34 kDa

Tubulin E] 55 kDa

o o o
n £ »

Relative protein level of TDO2

o
=}

Relative protein level of MT1E

G ,_
o
8
o
[
k]
3 27
3
<
P4
c
E 1o
[}
=
8
[
an
[V
NC KD
J NC KD K NC KD
w [s\]
é 0.8 Q 05
|—
b = 04
B 203
N $ 02
IS S
S S 0.1
2 2
k] 3 0.0
& & NC KD
3=

NC

1 -

Relative mRNA level of TDO2

o n

! 1

L*
*

KD

NC KD

Figure 4. Western blotting and RT-qPCR analyses of the differentially expressed proteins in MCF-7 and MX-1 cells. Knockdown efficiency of KD (siRNA-5)
was confirmed via western blotting in (A) MCF-7 and (H) MX-1 cells. Western blotting showed that the relative protein expression levels of (B and I) AGA,
(C and J) MTIE and (D and K) TDO2 were increased when ILP-2 expression was knocked down. Tubulin and GAPDH were used as reference proteins.
RT-qPCR analysis indicated that the relative mRNA expression levels of (E and L) AGA, (F and M) MTIE and (G and N) TDO2 were increased when ILP-2
expression was knocked down. GAPDH was used as the reference gene. Data are presented as the mean + SEM and groups were compared with an unpaired
Student's t-test (n=3). “P<0.01, ““P<0.001 vs. the NC group. RT-qPCR, reverse transcription-quantitative PCR; siRNA, small interfering RNA; ILP-2, inhibitor
of apoptosis protein-like protein-2; MTIE, metallothionein 1E; AGA, N(4)-(B-N-acetylglucosaminyl)-L-asparaginase; TDO2, tryptophan 2,3-dioxygenase;

NC, negative control.

using the DAVID online tool. Based on GO enrichment
analysis, the 241 DEPs were mainly enriched in the terms
‘terpenoid backbone biosynthesis’, ‘protein digestion and
absorption’, ‘ECM-receptor interaction’, ‘synthesis and degra-
dation of ketone bodies’ and ‘lysosomes’ (Fig. 2D). KEGG
pathway analysis revealed that the DEPs were significantly
enriched in ‘lysosome’, ‘ECM-receptor interaction’, ‘butanoate
metabolism’, ‘synthesis and degradation of ketone bodies’,
‘terpenoid backbone biosynthesis’ and ‘protein digestion and
absorption’ (Fig. 2E).

Heatmap of DEPs in ILP-2 KD MCF-7 cells. hcluster was
used to perform cluster analysis and illustrate the expression
patterns of the aforementioned DEPs (FC =1.20 or <0.83;
P<0.05). Heatmap of DEPs revealed similar expression patterns
to KD and NC groups (Fig. 3A). Based on their expression
patterns, DEPs were grouped into 10 clusters (Fig. 3B). Some
clusters exhibited an overall upregulation pattern between the
NC and KD groups, including the sub-clusters 2, 3, 6,7, 8,9
and 10 (proteins, 1, 17,2, 2,4, 1 and 1, respectively). However,
proteins in the remaining clusters exhibited a downregulation
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Figure 5. Western blot analysis showed that the relative protein expression levels of AGA, MT1E and TDO2 were decreased when the protein expression of
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negative control.

expression pattern between the NC and KD groups (sub-clus-
ters, 1, 4 and 5; proteins, 10, 7 and 3, respectively). The
analysed gene numbers were entered into NCBI for matching
to find the protein corresponding to the gene (Table III). The
final screen identified proteins associated with tumour physi-
ological activity, including AGA, MT1E and TDO2 (Fig. 3A).

Western blotting and RT-gPCR analyses of DEPs. Western
blotting and RT-qPCR were performed to validate the iTRAQ
results on the mRNA and protein expression levels of AGA,
MTIE and TDO2 in ILP-2 KD MX-1 and MCF-7 cells.
ILP-2 KD was confirmed in both cell lines (Fig. 4A and H).
The results showed that the protein (Fig. 4A-D and H-K) and
mRNA (Fig. 4E-G and L-N) expression levels of AGA, MTIE
and TDO2 were significantly increased in MX-1 and MCF-7
cells transfected with siRNA targeting ILP-2 compared with
in the NC group. ILP-2 overexpression was confirmed in both
cell lines (Fig. 5A and E). By contrast, western blotting of ILP-2
overexpression showed that the protein expression levels of AGA,
MTIE and TDO2 in MX-1 and MCF-7 cells were significantly
reduced compared with in the NC group (Fig. 5B-D and F-H).
These results were consistent with those obtained using the
iTRAQ technology, both suggesting that the expression levels
of AGA, MTI1E and TDO2 were associated with the promotive
effect of ILP-2 on MCF-7 and MX-1 cell proliferation.

Discussion
Breast cancer is a multifactorial, multistep and heterogeneous

disease caused by the uncontrolled proliferation of breast
epithelial cells in response to multiple oncogenic factors, such

as alcohol consumption, obesity and ageing (19). Although
several high-risk factors associated with the development of
breast cancer have been reported, the aetiology of the disease
has not yet been fully elucidated. The risk of developing
breast cancer increases with the accumulation of high-grade
risk factors. Several biological processes actively contribute
to the development and growth of breast cancer, including
protein signalling and other complex cellular biological
processes (20-23).

In the present study, a total of 4,065 proteins were identified
in MCF-7 breast cancer cells using iTRAQ-based proteomic
analysis. The identified proteins were involved in several
biological processes, such as cellular process and metabolic
process, as well as immune system process. The iTRAQ-based
proteomic analysis also revealed that the ILP-2-mediated
breast cancer growth. A previous study demonstrated that the
expression of ILP-2 is increased in the serum of patients with
breast cancer (24). Additionally, immunohistochemical and
western blotting assays have shown that ILP-2 is upregulated
in breast cancer tissues, and in the breast cancer cell lines
MX-1, MCF-7 and HCC-1937 (25,26). These findings indi-
cated that the upregulated expression of ILP-2 in breast cells
could be a significant high-risk factor for the development of
breast cancer. Nevertheless, the occurrence of breast cancer is
not induced by a single risk factor, but is often the result of the
synergistic effect of multiple high-risk factors.

To further investigate the effect of ILP-2-related proteins
on breast cancer development and progression in the current
study, ILP-2 was silenced in MCF-7 cells via cell transfec-
tion with corresponding siRNA sequences. Subsequently, the
changes in the expression levels of ILP-2-related proteins were
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determined. The results showed that 241 proteins were differ-
entially expressed between the ILP-2 KD and control groups.
DEPs were significantly enriched in pathways associated
with ‘lysosome’, ‘ECM-receptor interaction’ and ‘butanoate
metabolism’. Furthermore, the results revealed that AGA,
MTIE and TDO2 were markedly associated with ILP-2. It has
been reported that breast cancer progression is associated with
cell proliferation, signal transduction and regulation of the
immune system (27,28).

In our previous study, silencing assays showed that ILP-2
KD attenuated the proliferation and promoted the apoptosis
of MCF-7 and MX-1 breast cancer cells, thus highlighting
the effect of ILP-2 on regulating the survival of breast cancer
cells. Furthermore, this previous study found the siRNA-5
had a higher KD efficiency on ILP-2 than siRNA-3; therefore,
siRNA-5 was applied to knock down ILP-2 in the present
study. In addition, ILP-2 silencing inhibited breast cancer cell
migration, thus indicating that ILP-2 was not only involved
in maintaining breast cancer cell survival, but could also
enhance the migratory ability of breast cancer cells (7). The
aforementioned findings suggested that the increased expres-
sion of ILP-2 in breast cancer cells could enhance the ability
of cells to escape apoptosis, and promote cell proliferation and
invasion through different biological processes.

To further identify the high-risk factors that promote breast
cancer progression synergistically with ILP-2, ILP-2 was
knocked down in MCF-7 and MX-1 cells via cell transfection
with the corresponding siRNA sequences. Both western blot-
ting and RT-qPCR analysis supported that MT1E, TDO2 and
AGA could serve a significant role in breast cancer progression.
Previous studies have demonstrated that MT1E upregulation
predicted poor prognosis in patients with breast cancer (29,30).
Furthermore, TDO2 has been found to promote breast cancer
cell migration (31,32), while mutations in the AGA gene have
been reported to induce the occurrence of lysosomal storage
diseases, such as aspartylglucosaminuria (33,34). In the present
study, the results of the proteomic analysis revealed that ILP-2
knockdown in breast cancer cells. Additionally, AGA, MTI1E
and TDO2 were notably upregulated in ILP-2-KD breast
cancer cells. Therefore, it was hypothesized that ILP-2 upreg-
ulation-mediated breast carcinogenesis could result from the
synergistic effect of various high-risk factors, including AGA,
MTIE and TDO?2. Overall, elevated ILP-2 may cooperate with
other proteins, such as AGA, MTIE and TDO2, to inhibit
apoptosis and promote the proliferation and invasion of breast
cancer cells. However, the current results only indicated that
the ILP-2 protein is closely associated with the AGA, MT1E
and TDO2 proteins; however, direct evidence of a definite
protein-protein interaction between them was not identified,
which is something to investigate further in the future.

The aforementioned findings were verified in MCF-7 and
MX-1 breast cancer cells following ILP-2 overexpression. The
results showed that the expression levels of AGA, MTIE and
TDO2 were significantly decreased in ILP-2-overexpressing
breast cancer cells. Therefore, the co-expression pattern
of AGA, MTIE and TDO2 with ILP-2 could provide novel
insights into the association between ILP-2 expression and
breast cancer cell proliferation. Additionally, the results
suggested that the aforementioned ILP-2 could be involved
in the proliferation and growth of breast cancer cells, signal

transduction and immune system regulation. It was therefore
indicated that ILP-2 may exert a significant effect on regu-
lating the development of breast cancer, while its dysregulated
expression in cells could be a key event, eventually leading to
breast cancer.

In summary, the current study suggested that ILP-2 could
play a significant role in breast cancer cell proliferation and its
function could be closely associated with the expression of AGA,
MTIE and TDO?2, three potential key factors in various regu-
latory pathways. However, more studies are needed to further
explore the mechanism underlying the effect of ILP-2 on breast
cancer with emphasis on the prominent proteins implicated. We
are also currently intervening in ILP-2 expression by designing
ILP-2-targeting drugs and also testing the associated prognosis;
these will also be one of the focuses of our future work.
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