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Pseudogenes play pivotal roles in tumorigenesis. Previous
studies have suggested that pituitary tumor-transforming 3,
pseudogene (PTTG3P), serves as an oncogene in human cancers.
However, its expression pattern, biological function, and under-
lying mechanism in breast cancer remain unknown. In this
study, we demonstrated an elevated expression of PTTG3P in
breast cancer and discovered that PTTG3P expression correlated
negatively with estrogen receptor (ER) and progesterone recep-
tor (PR) status, but linked positively to basal-like status, triple-
negative breast cancer status, Nottingham prognostic index
(NPI), and Scarff-Bloom-Richardson grade. High expression
of PTTG3P was also found to be associated with a poor prog-
nosis of breast cancer. To explore the potential mechanisms of
PTTG3P, a PTTG3P-microRNA (miRNA)-mRNA regulatory
network was established. Co-expressed genes of PTTG3P were
also obtained. Enrichment analysis for these co-expressed genes
revealed that they were significantly enriched in mitotic nuclear
division and cell cycle. Subsequent research on mechanism of
PTTG3P indicated that its expression correlated positively
with PTTG]1 expression. However, no significant expression cor-
relation between PTTG3P and PTTG2 was observed. Taken
together, our findings suggest that increased expression of pseu-
dogene PTTG3P may be used as a promising prognostic
biomarker and novel therapeutic target for breast cancer.

INTRODUCTION

Breast cancer is one of the most common malignancies and remains a
leading cause of cancer-related deaths in the female worldwide." The
incidence of breast cancer is gradually increasing in most countries,
including the United States.” Despite the huge improvements in
screening, diagnosis, and treatment of breast cancer that have been
achieved, the patient’s prognosis is still dismal. Thus, it is extremely
meaningful and also urgent to search and develop more sensitive
and specific prognostic biomarkers for patients with breast cancer.

Pseudogenes, a class of non-coding RNAs and segments of DNA that
are related to real functional genes, are traditionally recognized as
“junk genes” or “genomic fossils” because they have lost functionality.”
Based on the formation mechanism, pseudogenes are generally classi-
fied into three subtypes: unitary pseudogenes, duplicated pseudogenes,

and processed pseudogenes.” Recent studies have reported that
pseudogenes play important roles in regulating parental genes by
functioning as antisense RNAs, small-interference RNAs (siRNAs),
or endogenous competitors for microRNA (miRNA), RNA-binding
protein, or translational machinery.” Pseudogenes are frequently dys-
regulated in multiple human cancers, and the dysregulation results in
cancer onset and progression.””

Pituitary tumor-transforming 3, pseudogene (PTTG3P), is a processed
pseudogene that shows high homology to its family members, pitui-
tary tumor-transforming 1 (PTTG1) and -2 (PTTG2).* Numerous
investigations have shown that PTTG1 and -2 serve as two key onco-
genes in a variety of human cancers, including breast cancer,”'’ lung
cancer,'' pituitary adenoma,'* and esophageal squamous cell cancer."”
However, there are only a few reports regarding the expression and
roles of PTTG3P in cancer. One study, conducted by Weiwei Weng
et al, * revealed that PTTG3P promotes proliferation and invasion
and is an indicator of poor prognosis in gastric cancer. Huang
et al.'"” found that PTTG3P enhances hepatocellular carcinoma
(HCC) growth and metastasis via upregulating PTTGI and activating
PI3K/AKT signaling. Notably, the expression, function, and corre-
sponding regulatory mechanisms of PTTG3P in breast cancer remain
unclear and need to be further elucidated.

Herein, we first assessed the expression pattern of PTTG3P in human
breast cancer by data mining and experimental validation. Then, the
prognostic significance of PTTG3P expression in breast cancer was
also analyzed. Finally, we explored several potential mechanisms of
PTTG3P in breast cancer, including construction of the pseudogene
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SAGE Anatomic Viewer Results

Disease Summary for PTTG3P

Molecular Therapy: Oncolytics

Comparison of PTTG3P Across 15 Analyses
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Figure 1. Expression Pattern of PTTG3P in Human Breast Cancer

(A) Expression profile of PTTG3P determined by the SAGE Digital Gene Expression Displayer; (B) expression of PTTG3P in different types of cancers by Oncomine analysis of
cancer versus normal samples; (C) expression of PTTG3P in breast cancer by Oncomine meta-analysis; and (D) expression of PTTG3P in breast cancer samples compared

with matched normal samples. Error bars represent SD. ***p < 0.001.

PTTG3P-miRNA-mRNA network, analysis of co-expressed genes,
and assessment of its correlation with parental genes PTTGI and
-2. These findings facilitate understanding of PTTG3P’s roles and
mechanisms in human breast cancer.

RESULTS

Pseudogene PTTG3P Expression in Human Breast Cancer

The expression profile of pseudogene PTTG3P in human breast can-
cer was first determined by using the SAGE (Serial Analysis of Gene
Expression) Digital Gene Expression Display. As shown in Figure 1A,
pseudogene PTTG3P expression was not significantly dysregulated in
all cancer tissues when compared with corresponding normal tissues,
including breast cancer. Next, Oncomine analysis of cancer versus
normal samples was used to analyze the expression profile of pseudo-
gene PTTG3P in human breast cancer (Figure 1B). Oncomine meta-
analysis was further employed to assess the comprehensive median
expression of pseudogene PTTG3P across 15 analyses (Figure 1C).
As presented in Table 1, expression of pseudogene PTTG3P was
significantly higher in medullary breast carcinoma, invasive breast
carcinoma, invasive lobular breast carcinoma, invasive ductal breast
carcinoma, mucinous breast carcinoma, ductal breast carcinoma
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in situ, male breast carcinoma, intraductal cribriform breast adenocar-
cinoma, and mixed lobular and ductal breast carcinoma. For further
validation, we also detected the expression of pseudogene PTTG3P
in clinical breast cancer samples. As shown in Figure 1D, pseudogene
PTTG3P expression in breast cancer tissues was markedly higher than
that in normal tissues. All evidence taken together, by combining bio-
informatics analysis and experimental validation, we demonstrated
that PTTG3P was significantly overexpressed in human breast cancer.

We further investigated the associations between pseudogene
PTTG3P expression and different clinicopathological characteristics
in patients with breast cancer, by using bc-GenExMiner (Figure 2; Ta-
ble S1). Analytic results suggested that there are no significant differ-
ences between the <51- and >51-year group (p = 0.4159). Nodal and
HER2 status also showed no significant differences between the
positive and negative groups (nodal status: p = 0.1266; HER2 status:
p = 0.1423). Estrogen receptor (ER) and progesterone receptor (PR)
status were discovered to be negatively linked to pseudogene PTTG3P
expression (ER status: p < 0.0001; PR status: p < 0.0001). Pseudogene
PTTG3P was significantly upregulated in basal-like or triple-negative
breast cancer when compared with their counterparts (basal-like
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Table 1. Significant Changes of PTTG3P Expression in the Transcriptional Level between Different Types of Breast Cancer and Normal Tissues (Oncomine

Database)

Subtype of Breast Cancer p Value Fold Change t Test Rank Sample Count Reporter ID
Medullary breast carcinoma 1.52E—19 6.164 17.706 1% 176 ILMN_2049021
Invasive breast carcinoma 3.63E—9 3.270 9.087 1% 165 ILMN_2049021
Invasive ductal breast carcinoma 6.87E—111 3.429 39.869 1% 1700 ILMN_2049021
Invasive lobular breast carcinoma 7.27E—40 2.371 16.045 2% 292 ILMN_2049021
Invasive ductal and invasive lobular breast carcinoma 3.69E—29 2.791 14.788 2% 234 ILMN_2049021
Mucinous breast carcinoma 1.77E—15 2.462 10.742 3% 190 ILMN_2049021
Ductal breast carcinoma in Situ 2.13E—4 2.508 5.291 4% 154 ILMN_2049021
Breast carcinoma 3.76E—5 2915 5.595 5% 158 ILMN_2049021
Tubular breast carcinoma 7.17E-20 2.325 11.684 5% 211 ILMN_2049021
Male breast carcinoma 1.14E-17 2.467 12.903 1% 64 A_23_P60016
Invasive ductal breast carcinoma 1.35E—45 4.791 24.131 1% 450 A_23_P60016
Invasive lobular breast carcinoma 1.05E—16 3.327 11.193 1% 97 A_23_P60016
Invasive breast carcinoma 2.86E—-27 3.547 13.653 1% 137 A_23_P60016
Intraductal cribriform breast adenocarcinoma 6.92E—6 3.115 9.941 3% 64 A_23_P60016
Mixed lobular and ductal breast carcinoma 7.72E-5 2.553 6.204 4% 68 A_23_P60016

status: p < 0.0001; triple-negative status: p < 0.0001). The Nottingham
prognostic index (NPI) is often used to determine prognosis after sur-
gery for breast cancer. A higher NPI correlated significantly with
higher expression of pseudogene PTTG3P expression. Similarly, a
more advanced Scarff-Bloom-Richardson (SBR) grade was associated
with higher expression of pseudogene PTTG3P expression. To sum-
marize, these results demonstrate that pseudogene PTTG3P expres-
sion may play an unfavorable role in patients with breast cancer.

Prognostic Significance of the Pseudogene PTTG3P in Human
Breast Cancer

Next, the prognostic value of pseudogene PTTG3P mRNA in human
breast cancer was further evaluated, using three online databases,
including the Kaplan-Meier Plotter, UALCAN, and OncoLnc (Fig-
ure 3). As shown in Figures 3A-3D (Kaplan-Meier Plotter), we found
that higher expression of pseudogene PTTG3P indicated poorer
relapse-free survival (RFS, p = 0.00033), distant metastasis-free
survival (DMFS, p = 0.025) and overall survival (OS, p = 0.0083/
8.8e—05). The analytic result from UALCAN database showed that
high expression of pseudogene PTTG3P suggested unfavorable prog-
nosis of patients with breast cancer (P = 0.048). The data from the
OncoLnc database also revealed that high expression of PTTG3P
was significantly associated with poor prognosis (p = 0.0265). All
these findings indicate that PTTG3P may serve as a poor predictor
of prognosis of patients with breast cancer.

Construction of Potential Pseudogene PTTG3P-miRNA-mRNA
Regulatory Network

Subsequently, we explored potential regulatory mechanisms of
pseudogene PTTG3P, among which the competing endogenous
RNA (ceRNA) hypothesis may be a representative approach.” Twelve

miRNAs (miR-132-3p, miR-129-5p, miR-212-3p, miR-876-5p, miR-
3167, miR-873-3p, miR-4428, miR-4761-3p, miR-421, miR-376¢-3p,
miR-505-3p, and miR-383-5p) were identified as the candidate
miRNAs for pseudogene PTTG3P by starBase v3.0, and 1,713 poten-
tial targets of these identified miRNAs were predicted using miRNet
(Figure 4A). These miRNA-target gene pairs are listed in Table S2.
The pseudogene PTTG3P-miRNA-mRNA regulatory network was
finally constructed. Based on the ceRNA mechanism, expression of
downstream miRNAs of PTTG3P in breast cancer samples should
be decreased when compared with normal controls. Therefore, we
further determined the expression of the 12 potential miRNAs in
breast cancer by using The Cancer Genome Atlas (TCGA) data (Table
S3). Expression levels of miR-129-5p, miR-376¢-3p, and miR-383-5p
were significantly lower in breast cancer tissues than that in normal
tissues, as presented in Figures 4B-4D, respectively. Our current find-
ings suggest that pseudogene PTTG3P may exert oncogenic roles via
this miRNA-mRNA regulatory network. However, more experiments
need to be conducted to further validate these findings.

Co-expressed Genes of Pseudogene PTTG3P and Functional
Enrichment Analysis

Identifying the co-expressed genes would facilitate a better under-
standing of potential functions of PTTG3P in breast cancer. Thus,
the co-expressed genes of pseudogene PTTG3P were predicted by us-
ing the UALCAN database, and a total of 220 co-expressed genes were
finally obtained, as presented in Table S4. Next, the STRING database
was introduced, to construct a protein-protein interaction (PPI)
network for these co-expressed genes (Figure S1). Moreover, we per-
formed functional analysis for these genes. Three categories of Gene
Ontology (GO) functional annotation were included, using the En-
richr database: biological process (BP), cellular component (CC),
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Figure 2. Relationship between Expression of PTTG3P and Various Clinicopathological Parameters of Breast Cancer Determined by the bc-GenExMiner

Database

(A) Boxplot of PTTG3P expression according to age; (B) boxplot of PTTG3P expression according to nodal status; (C) boxplot of PTTG3P expression according to ER; (D)
boxplot of PTTG3P expression according to PR; (E) boxplot of PTTG3P expression according to HER2; (F) boxplot of PTTG3P expression according to basal-like status;
(G) boxplot of PTTG3P expression according to triple-negative status; (H) boxplot of PTTG3P expression according to NPI; and (I) boxplot of PTTG3P expression according

to SBR.

18 Molecular Therapy: Oncolytics Vol. 14 September 2019



www.moleculartherapy.org

208511_at
24 HR = 1.22 (1.00 - 1.36)
RFS logrank P = 0.00033
«©
S
© |
> ©
3
©
o
[}
o o«
g
N o
o
Expression
— low
g —{ —— high
T T T T T
0 50 100 150 200 250
Time (months)
Number at risk
low 1986 1313 577 128 13 2
high 1965 1206 498 113 14 1
208511_at
C o
=i os HR = 1.33 (1.08 - 1.65)
logrank P = 0.0083
©
24
©o
E; o
z
©
o
[}
o«
34
o ]
=]
Expression
— low
o S
S 4 high
T T T T T T
0 50 100 150 200 250 300
Time (months)
Number at risk
low 709 581 292 79 13 3 0
high 693 502 185 50 8 0 0
E Effect of PTTG3P expression level on BRCA patient survival
100
075,
z
b
Zoso
3
5
a
025,
p=0.048
Expression Level
000 ZIINEERSIEN (-a0m)
3 2000 000 5000 000
Time in days.

Figure 3. Prognostic Value of PTTG3P in Breast Cancer
(A) High expression of PTTG3P indicates a poor RFS of breast cancer (Kaplan-Meier Plotter database); (B) high expression of PTTG3P indicates a poor DMFS of breast cancer
(Kaplan-Meier Plotter database); (C and D) high expression of PTTG3P indicates a poor OS of breast cancer (Kaplan-Meier Plotter database); (E) high expression of PTTG3P
indicates a poor prognosis of breast cancer (JALCAN database); and (F) high expression of PTTG3P indicates a poor prognosis of breast cancer (OncolL.nc database).
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and molecular function (MF). As presented in Figures 4E-4G, the
enriched GO functions for these co-expressed genes included mitotic
nuclear division (GO:0140014), microtubule cytoskeleton organiza-
tion involved in mitosis (GO:1902850), and mitotic spindle organiza-
tion (GO:0007052) in the BP category; the chromosome, centromeric
region (GO:0000775), condensed nuclear chromosome kinetochore
(GO:0000778), and spindle (GO:0005819) in the CC category; and
annealing helicase activity (GO:0036310), histone kinase activity
(G0O:0035173), and single-stranded DNA-dependent ATPase activity
(GO:0043142) in the MF category. Subsequently, we conducted
KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway enrich-
ment analysis (Figure 4E). The top 10 enriched KEGG pathways were
cell cycle (hsa04110), oocyte meiosis (hsa04114), progesterone-
mediated oocyte maturation (hsa04914), Fanconi anemia pathway
(hsa03460), DNA replication (hsa03030), spliceosome (hsa03040),
p53 signaling pathway (hsa04115), HTLV-I infection (hsa05166), ho-
mologous recombination (hsa03440), and microRNAs in cancer
(hsa05206).

Relationship between Pseudogene PTTG3P and Its Parental
Genes PTTG1 and -2

It has been well documented that pseudogenes can regulate their
parental genes by multiple ways in the pathogenesis of human can-
cers.'®"” PTTGI and -2 are two parental genes of PTTG3P. The cor-
relation of pseudogene PTTG3P and -1 or -2 was first analyzed using
several databases, such as Oncomine, bc-GenExMiner, cBioPortal,
and UALCAN (Figure 5). As shown in Figures 5A, 5B, and S2, Onco-
mine co-expression analysis indicated that PTTG1 and -2 ranked as
the two top correlated genes among all correlated genes. Similar
results were acquired by analytic data from bc-GenExMiner and
cBioPortal, as presented in Figures 5C-5G. Data mining in the
UALCAN database also confirmed a positive correlation of PTTG1
and -3P expression (Figure 5H). However, no significant expression
association between PTTG3P and -2 was found. To confirm accuracy
of these analytic results, experimental validation was further per-
formed via detection of the expression levels of PTTG1 and -2 and
assessment of the expression correlation of PTTG3P with PTTG1
and -2 in clinical breast cancer patients. As shown in Figure 6A, the
expression level of PTTGI in breast cancer samples was markedly
higher than that in matched normal breast samples. A positive
expression correlation of PTTG3P with PTTGI was observed (Fig-
ure 6C). However, there was no significant difference in PTTG2
expression between tumor and normal tissues (Figure 6B). Figure 6D
demonstrates that PTTG3P expression did not correlate significantly
with PTTG2 expression. All these findings suggest a positive correla-
tion of PTTG3P expression with PTTG1 expression, implying that

PTTG3P may promote breast cancer progression by upregulating
PTTGI. However, it needs to be further validated by much more
study.

DISCUSSION

Pseudogenes have long been dismissed as junk genes. However, in
recent years, growing evidence has demonstrated key roles of pseudo-
genes in physiological and pathological processes. The dysregulation of
pseudogenes has a close connection with human disorders, especially
cancer.'® ! Several cancer-associated pseudogenes have been identi-
fied, including PTENP1,”> HMGA1P6, HMGA1P7,”’ POU5F1B,*
FOXO3P,”” and INTS6P1.%° PTTG3P is a novel pseudogene, which
has been found to be closely associated with the onset and progression
of some types of human cancer, such as gastric cancer and hepatocel-
lular carcinoma.'*'> However, the expression pattern and potential
roles of PTTG3P in breast cancer, as well as its underlying regulatory
mechanisms, remain largely unknown.

In this study, we first determined the expression level of PTTG3P in
breast cancer, based on bioinformatics analyses and experimental
validation. The SAGE Digital Gene Expression Display showed no
macroscopic differences in the expression of PTTG3P in the cancer
and normal groups, partially because of the gene’s extremely low
overall expression. Oncomine analysis revealed that expression of
PTTG3P in breast cancer tissues was significantly higher than that
in normal tissues. QRT-PCR for clinical samples also demonstrated
a high expression level of PTTG3P in breast cancer tissues when
compared with their matched normal tissues. Moreover, a negative
association between PTTG3P expression and ER and PR status was
found. Conversely, basal-like status, TNBC status, NPI, or SBR grade
was positively linked to PTTG3P expression. Subsequently, the
Kaplan-Meier Plotter, UALCAN, and OncoLnc databases were
used to study the prognostic role of PTTG3P in breast cancer, and
the analytic results displayed that high expression of PTTG3P indi-
cated poor RFS, OS, and DMFS. These findings suggest that increased
expression of PTTG3P may be a promising prognostic biomarker in
breast cancer.

Pseudogenes exert their functions in three levels, including DNA,
RNA, and protein by a variety of mechanisms, involving gene conver-
sion, homologous recombination, exonization, insertional mutations,
and serving as antisense RNAs, endo-siRNAs, or competing endoge-
nous RNAs." To explore the potential regulatory mechanisms of
PTTG3P, we first constructed a pseudogene-miRNA-mRNA interac-
tion network. In this network, 12 potential miRNAs were identified
as candidates for PTTG3P and 1,713 target genes for the identified

Figure 4. Construction of PTTG3P-miRNA-mRNA Network and Gene Ontology Functional Annotation and KEGG Pathway Enrichment Analysis for the

Co-expressed Genes of PTTG3P

(A) The potential pseudogene PTTG3P-miRNA-mRNA regulatory network; (B) expression of miR-129-5p in breast cancer tissues and normal controls determined by
starBase v3.0; (C) expression of miR-376¢-3p in breast cancer tissues and normal controls determined by starBase v3.0; (D) expression of miR-383-5p in breast cancer
tissues and normal controls determined by starBase v3.0; (E) the top 10 enriched biological process (BP) items for the co-expressed genes of PTTG3P; (F) the top 10 enriched
cellular component (CC) items for the co-expressed genes of PTTG3P; (G) the top 10 enriched molecular function (MF) items for the co-expressed genes of PTTG3P; and (H)

the top 10 enriched KEGG pathway items for the co-expressed genes of PTTG3P.
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Figure 5. Expression Correlation of PTTG3 with Parental Genes Analyzed by Oncomine, bc-GenExMiner, cBioPortal, and UALCAN Databases

(A and B) PTTG3P co-expression of genes analyzed using Oncomine database; (C-E) expression relationship between PTTG3P and PTTG1/PTTG2 in breast cancer
analyzed using bc-GenExMiner database; (F and G) expression correlation between PTTG3P and PTTG1/PTTG2 in breast cancer analyzed using cBioPortal database; and
(H) expression correlation between PTTG3P and -1 in breast cancer analyzed using the UALCAN database.

miRNAs were finally predicted. Next, we further determined the
expression levels of the 12 potential miRNAs in breast cancer and
found that 3 of 12 (miR-129-5p, miR-376¢-3p, and miR-383-5p)
miRNAs were significantly downregulated in breast cancer. Accord-
ing to the ceRNA hypothesis, the three miRNAs may be three down-
stream miRNAs. Moreover, previous studies have confirmed that all
three miRNAs function as tumor suppressors in various types of hu-
man cancers, including breast cancer.”” ' Co-expression analysis
may also provide critical clues for investigating the mechanisms of
PTTG3P. UALCAN database analysis acquired 220 positively corre-
lated genes. Functional annotation and KEGG pathway enrichment
analysis showed that the co-expressed genes were mainly enriched
in nuclear division, cell cycle, and oocyte meiosis. Therefore, we sup-
posed that PTTG3P exerted its roles in cancer by these biological
processes.
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Numerous studies have suggested that pseudogenes can regulate their
parental genes and thereby are involved in different cellular pro-
cesses.'® PTTG1 and -2 are two parental genes of PTTG3P. It has
been well documented that PTTGI and -2 act as two oncogenes in
multiple human cancers.'>***> We found that PTTG3P expression
was significantly positively correlated with PTTG1 expression in
the Oncomine, bc-GenExMiner, cBioPortal, and UALCAN data-
bases, but was markedly associated with PTTG2 expression only in
the Oncomine and bc-GenExMiner databases. The correlation of
PTTG3P with PTTGI or -2 was further assessed in clinical samples.
The results revealed that PTTG3P correlated positively only with
PTTGI. Previous studies have suggested that PTTGI exerts onco-
genic roles mainly by regulating the cell cycle.'>”” These findings
and the present results provide ample evidence that PTTG3P may
promote breast cancer progression through modulation of cell



www.moleculartherapy.org

Figure 6. Expression of PTTG1/PTTG2 and Correlation
between PTTG3P Expression and PTTG1/PTTG2
Expression in Clinical Breast Cancer Samples

- (A) The level of PTTG1 was detected in 16 breast cancer
tissues and paired non-tumor tissues by qRT-PCR; (B) the
level of PTTG2 was detected in 16 breast cancer tissues and
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"sppun” paired non-tumor tissues by gRT-PCR; (C) the correlation of
PTTG3P with PTTG1 in the 32 clinical samples; (D) the
correlation of PTTG3P with PTTG2 in the 32 clinical samples.
& Error bars represent SD. **p < 0.01; ns represents no
.\0& significance.
r=-0.3387
p>0.05
o from genome-wide expression analyses.”® To

date, the Oncomine database has 19 cancer types
containing 92 datasets. Oncomine analysis of can-
cer versus normal samples in these 19 cancer types
was conducted. p < 0.05, |fold change| > 1.5 and

cycle-associated processes by partially upregulating expression of its
parental genes, especially PTTGI1.

Altogether, based on bioinformatics analysis and experimental
validation (Figure 7), we provided a reliable integrated analysis
of the pseudogene PTTG3P expression pattern, prognostic value,
and potential regulatory mechanisms in breast cancer. In this
study, high expression of pseudogene PTTG3P in breast cancer
was confirmed, and increased expression of PTTG3P indicated
a poor prognosis of breast cancer. Furthermore, a potential
pseudogene PTTG3P-miRNA-mRNA regulatory network was
constructed, and the three most possible downstream miRNAs
(miR-129-5p, miR-376¢-3p, and miR-383-5p) of PTTG3P were
identified. Our findings also supported that PTTG3P may upregu-
late PTTGI expression, thus functioning as an oncogene in breast
cancer. In summary, pseudogene PTTG3P may serve as a novel
prognostic biomarker and a therapeutic target for patients with
breast cancer. In the future, more laboratory experiments and clin-
ical trials need to be performed to further validate the findings in
this study.

MATERIALS AND METHODS

Expression Profile Analysis Using Serial Analysis of Gene
Expression and Oncomine

The expression profile of pseudogene PTTG3P was analyzed with
two online databases, including SAGE and Oncomine. First, all
available published SAGE data were used to analyze PTTG3P
expression in 23 normal human tissues and corresponding malig-
nant counterparts, and PTTG3P expression profile was displayed
using the SAGE Anatomic Viewer (http://cgap.nci.nih.gov/SAGE/
AnatomicViewer/). We also determined the PTTG3P expression
profile using Oncomine, which is a cancer microarray database
and an integrated data-mining platform, to facilitate discovery

gene rank in the top 10% were set as the thresh-
olds. We also conducted a meta-analysis of data-
sets in breast cancer. The Oncomine database
was also used to perform a co-expression analysis of PTTG3P and
other genes.

Breast Cancer Gene-Expression Miner

Breast cancer gene-expression miner (bc-GenExMiner), a statistical
mining tool of published annotated genomic data, was introduced
to assess the correlation of pseudogene PTTG3P expression level
with specific clinicopathological features of breast cancer, including
age, nodal status, hormonal receptors status (ER and PR), HER2,
pathological subtype, NPI, and SBR grade.”>*® bc-GenExMiner was
also used to determine the expression correlation of PTTG3P with
PTTGI and 2. p < 0.05 was considered statistically significant.

Survival Analysis Using Kaplan-Meier Plotter, UALCAN, and
OncolLnc Databases

The Kaplan-Meier Plotter (http://kmplot.com/analysis/), an online
database established from gene expression data and survival informa-
tion of cancer patients downloaded from the Gene Expression
Omnibus (GEO) database, was used to evaluate the prognostic value
of PTTG3P in breast cancer.”” PTTG3P was first entered into the data-
base. A Kaplan-Meier survival plot, hazards ratio (HR), 95% confidence
interval (CI), and log rank p were directly determined and displayed on
the webpage. A log rank p < 0.05 was considered statistically significant.

UALCAN (http://ualcan.path.uab.edu/index.html/) is a portal for
facilitating tumor subgroup gene expression and survival analyses,
providing easy access to publicly available cancer transcriptome
data containing TCGA.*® It was employed to evaluate the effect of
PTTG3P on breast cancer patient survival. p < 0.05 was considered
statistically significant.

OncoLnc (http://www.oncolnc.org/), a database for interactively inves-
tigating survival correlations and retrieving clinical data associated
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Figure 7. The Visual Flow-Process Diagram of This Study

with expression data for mRNAs, miRNAs, long non-coding RNAs,
and pseudogenes, was also used to assess the prognostic value of
PTTG3P in breast cancer.’ p < 0.05 was considered statistically
significant.

Construction of the Pseudogene-miRNA-mRNA Regulatory
Network

The pseudogene PTTG3P-miRNA-mRNA regulatory network was
constructed. First, starBase v3.0 (http://starbase.sysu.edu.cn/) was
employed to identify potential miRNAs binding to pseudogene
PTTG3P.” Subsequently, target genes for identified miRNAs were
predicted using the miRNet database (https://www.mirnet.ca/), which
is an easy-to-use tool for comprehensive statistical analysis and func-
tional interpretation of data from miRNAs studies.’’ Expression
levels of the potential miRNAs in breast cancer were also detected
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STRING

database

Enrichr
database

by starBase v3.0 (http://starbase.sysu.edu.cn/). p < 0.05 was consid-
ered statistically significant.

Co-expression Analysis

Those genes co-expressed with pseudogene PTTG3P were analyzed
using UALCAN.*' Genes positively correlated with PTTG3P in breast
cancer were downloaded from UALCAN. Genes with extremely low
expression (median transcripts per million < 0.5) were filtered out,
and only genes with a Pearson correlation coefficient > 0.3 were
included.

Protein-Protein Interaction Network

Protein-protein interaction network for the co-expressed genes was
established using STRING v10.5 (https://string-db.org/cgi/input.pl/),
which is a database of predicted functional associations between
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proteins.*” The network displayed on the webpage was gathered into
three clusters and then exported as a high-resolution bitmap.

Gene Ontology and KEGG Pathway Enrichment Analysis

The Enrichr database (http://amp.pharm.mssm.edu/Enrichr/) was
employed to perform GO functional annotation and KEGG pathway
enrichment analysis for these co-expressed genes.”” GO functional
analysis contained three categories, including BP, CC, and MF. The
bar charts of GO and KEGG analysis for these co-expressed genes
were directly downloaded from the webpage.

cBioPortal Database Analysis

In addition to using the Oncomine, bc-GenExMiner, and UALCAN
databases mentioned above, we conducted a correlation analysis of
pseudogene PTTG3P and its parental gene PTTGI and -2 using the
cBioPortal database (http://www.cbioportal.org/).** p < 0.05 was
considered statistically significant.

Gathering of Clinical Samples and Ethics Statement

Altogether, 50 clinical breast cancer tissues and matched normal tissues
were collected from the Zhejiang Cancer Hospital (Hangzhou, China).
All the samples were kept in liquid nitrogen until the extraction of
RNA. Written informed consent for the biological experiments was
obtained from every patient involved in the study, and the study was
approved by the Ethics Committee of the Zhejiang Cancer Hospital.

RNA Extraction and qRT-PCR Analysis

RNA extraction and qRT-PCR were performed as described previ-
ously.®*>*® The primers used in this study were purchased from
Ribobio (Guangzhou, China) and are listed in Table S5.

Statistical Analysis

Each experiment was performed in triplicate and repeated at least
three times. GraphPad Prism Software, Version 7, was introduced
to conduct statistical analysis. The statistical significance of the
differences between two groups was estimated by two-tailed Student’s
t test. Spearman correlation coefficients were calculated to evaluate
the association between PTTG3P and -1 or -2.
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Figure S1. The protein-protein interaction network of the co-expressed genes of

PTTG3P constructed by STRING V10.5.
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Figure S2. PTTG3P co-expression of genes analyzed using Oncomine database.

Table S1. The relationship between PTTG3P expression and different

clinicopathological parameters of breast carcinoma.

il

i

i

Variables PTTG3P
Number mRNA expression P-value
Age 0.4159
<351 1048 -
>51 1449 -
Nodal Statas 0.1266
- 2041 -
+ 1122 -
ER <0.0001
- 1142 Up
+ 3162 -
PR <0.0001

- 700 Up




HER?2

+
Basal-like Status

Not

Basal-like
Triple-negative Status
Not

TNBC

NPI

1

2

3

SBR

W N =

1136

1195
166

3349
916

3299
293

624
486
12

434
1128
1040

0.1423

<0.0001

<0.0001

<0.0001

<0.0001

Table S2. The potential miRNA-target gene pairs predicted by miRNet.

mMiRNA Gene
hsa-mir-129-5p HBS1L
hsa-mir-129-5p SH3BP2
hsa-mir-129-5p SIX1
hsa-mir-129-5p SLC4A1
hsa-mir-129-5p SLC16A1
hsa-mir-129-5p SUMO2
hsa-mir-129-5p SNX2
hsa-mir-129-5p SOX4
hsa-mir-129-5p SOX12
hsa-mir-129-5p SP1
hsa-mir-129-5p STAR
hsa-mir-129-5p ADAM17
hsa-mir-129-5p TAGLN
hsa-mir-129-5p TAPBP
hsa-mir-129-5p TDGF1P3
hsa-mir-129-5p TEAD3
hsa-mir-129-5p TERF2
hsa-mir-129-5p NR2F2
hsa-mir-129-5p THRB
hsa-mir-129-5p TRAF3
hsa-mir-129-5p TRPS1
hsa-mir-129-5p TWIST1
hsa-mir-129-5p UBE2G2



hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
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hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
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hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p

UBE2V2
VIM
VLDLR
WEE1
YES1
YY1
ZNF708
ZNF154
ZNF215
ZNF226
LAPTMS
SLBP
BRD3
SLC25A16
ADAM12
RND2
EOMES
HIST1H4C
TTF2
SORBS2
CBX4
AKR7A2
TP63
NCOAl
BECN1
NOL4
HIST1H2BJ
PIAS2
MAP3K13
VAPA
TIAF1
LRAT
TBRG4
RPS6KAS5
PIWIL1
SNAP29
RABY9A
KIF3B
CIAO1
GRAP2
ZRANB2
CRIPT
KCNK®6
HOMERL1
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RASAL?2
AKAP5
ADAMTS4
SPTLC2
EI24
H6PD
GABBR2
CLOCK
RNF14
ABCG1
USP6NL
SEMA3E
KIAA0408
CCP110
JAKMIP2
SEC24D
ZC3H11A
PAN2
ZBTB5
ccs
SH2B3
HMGXB4
ABCC5
ACTR1A
TRIM13
CALCOCO2
SF3A1
MCRS1
FST
TRIM38
ANP32B
RABAC1
COLEC10
CDC42EP3
IGF2BP3
IGF2BP2
CD226
DCTNG
TNFSF13B
GMEB1
UGT2B11
POLQ
MAP3K2
ABL2
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ADD3
AK1
APC
XIAP
ARSD
ARSE
ZFHX3
ATRX
AZF1
BCL7A
BDKRB2
BID
PRDM1
BMPR2
C1S
CACNG1
CALM1
CBS
CDH1
CDK6
CHRM2
AP1S1
CCR4
CCRG6
COL1Al1
COL9A2
KLF6
COX6B1
CPE
CPT1A
HAPLN1
MAPK14
VCAN
CTNS
DAB2
DARS
DDX3X
DMXL1
TIMM8A
DNAH9
ARID3A
DSG3
DUSP1
EBF1
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EFNB1
EIF1AX
EMP2
EP300
EPB41L1
EPB42
EPSS8
ESD
ESR1
ETV6
ACSL4
FMR1
FRK
KDSR
GABRB1
GALNT1
GDNF
GFPT1
GLUL
GM2A
GNAL
GNAQ
GRM3
GTF2H1
HMGB1
HNF4G
HNRNPA1
HOXD11
SP110
IGF1
ILLORB
IL12RB2
IMPA2
IREB2
CD82
KCNJ3
KCNJ6
L1CAM
LIMS1
FADS1
LPP
CAPRIN1
MBD1
MBL2
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OSBPL10

ZNF554
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FAM210B
GINM1

EXOC3-AS1

SNAP47
LEAP2
DEFB118
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FGDA4
ANKRD9
ISCA2
FSD2
SGK494
ZNF440
SWSAP1
ZNF573
TRABD2A
TYWS
GALM
OCIAD2
FAM241A
RAETI1E
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SLITRK4
OTUDGA
SPIN4
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DTX3L
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PRELID2
RUNDC3B
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ZNF519
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ADAMTS18
ZNF384
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VSTM4
IBA57
PDE12
LRRC55
ZNF25
FAM124A
HNRNPA3
C10orfl11
Cé6orf223
OARD1
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MCOLN2
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MAGI3
AUTSS8
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ZNF429
ZNF699
TMEM233
LINCO01551
PLEKHM3
ONECUT3
ZNF793
C7orf65
YY2
SRCAP
RAB10
SF3A3
PNRC1
ACOT2
CKAP4
CCNI
FGFR10P
PLA2G16
NUDTS3
FAM107A
ZNF277
SLC2A6
AKAP10
DUSP10
PXMP4
IKZF3
NTNG1
FNDC3A
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MON1B
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LETMD1
RTTN
NGDN
TKFC
NSMF
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LRRC40
DENNDA4C
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YAE1D1
LYRM4
MAN1C1
PAK5
NIPAL3
ERGIC1
SMAGP
GJD2
LRTM1
AS3MT
ISY1



hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p
hsa-mir-129-5p

HEG1
MTA3
PCDH19
KCTD16
TAOK1
SEMAGA
CEP126
FNIP2
SLAIN2
POGK
USP28
KIAA1549
ZFP14
GATAD1
ZNF410
ZNF462
PBOV1
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RRAGC
PAPD5
GMCL1
NOM1
UNKL
REEP1
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METRN
ZNF655
TSEN34
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SMIM7
TTPAL
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GLB1L
LRRC2
NKAIN1
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AAGAB
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METTLS
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MAGT1
CHCHD5
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LZIC
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ARGFX
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TEX22
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ACSL4
ACHE
ADCY1
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APBA1
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HS3ST3B1
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RAB18
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OTUD3
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ARID2
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SETD5
PARP11
CYP20A1
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C60rf106
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MAZ
MDK
PPP1R12A
MAPK1
SSTR3
ZNF223
BTG2
TAGLN2
OGT
TMOSF1
ARPP19
ZNF460
MTUS2
JADE2
ZNF281
ATP6VOA2
SMUG1
TMEM2
BRD7
SH3GLB1
CTDSPL2
WDR45B
CCNL1
ENTPD7
RAB25
NABP1
SH3TC2
ZMAT4A
RUBCNL
ZNF594
MIDN
MCFD2
IFFO2
TRIM71
SESN3
ZNF322P1
POTEG
POTEM
ALDH1B1
SERPING1
CAG6
CD40LG
CDKNI1A
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GABRB1
HDGF
CXCL10
IRAK2
KCNN3
LYZ
NUCB1
OLR1
CDK16
NPY4R
MAP2K2
PRKX
TMPRSS15
QSOX1
RPL12
RPL18A
MSMO1
TRAPPC2
TADA2A
KLF10
TUFT1
UGDH
UQCRFS1
VHL
VSNL1
ZFX
ZNF157
FZD5
HIST1H2BG
AKR7A2
EIF3H
SLC16A3
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B4GALTS
SOCS5
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POFUT2
CSTF2T
USP22
JADE2
ATP6VOA2
TMEM245
GAPVD1
FBXL3
ARL5A
SIGLECS
HCAR1
SESN1
TMED7
DCTN4
ANGPT4
PHF7
MBD3
GPR173
CCSER2
GNL3L
BNC2
ZNF331
CAMK2N1
POLR3E
ERBIN
PCNP
PHTF2
CC2D2A
USP36
KIAA1456
RANBP10
SH2D4A
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NBEAL1
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CDC73
TMC5
TRMT2B
CLPB
ZNF611
C9orfe4
ZBED3
FAXC
HES7
HIST1H2AH
MIDN
KNSTRN
TIMM29
MYLK3
DSEL
SYAP1
FAM83F
TSPEAR-AS2
TTC39C
ZNF440
CHCHD4
SLC2A14
ZNF417
SPC24
CKAP2L
CNTN4
PPTC7
OR7D2
AAED1
ARID2
STK32A
SAMD9L
RNF152
TMED4
SCUBE3
NKAPL
DEFB105A
ZNF549
SPRYD4
C170rf105
FAM102B
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ZNF619
COX18
RPL7L1
C9orf47
ANKRD42
KLHL38
SMTNL2
ZNF850
MTX3
PLA2G2C
FOXL2NB
MXRA7
ZNF716
FBXO47
DEFB105B
ZNF487
STMP1
LINC01556
HTR5A-AS1
KLLN
ZNF783
SLFN12L

Table S3. Expression levels of potential miRNAs of PTTG3P in breast cancer and

normal controls.

Average
expression in

Average
expression in

miRNA 1D Accession cancer normal P-value
hsa-miR-505-3p MIMAT0002876 42.77 39.06 0.022
hsa-miR-421 MIMATO0003339 2.23 1.15 5.70E-07
hsa-miR-4428 MIMATO0018943 0.01 0.01 0.77
hsa-miR-873-3p MIMAT0022717 0.04 0.01 0.05
hsa-miR-3167 MIMATO0015042 0.01 0.01 0.8
hsa-miR-876-5p MIMAT0004924 0.04 0.03 0.72
hsa-miR-4761-

3p MIMAT0019909 0.01 0.01 0.52
hsa-miR-129-5p MIMAT0000242 4.71 6.6 2.70E-15
hsa-miR-212-3p MIMAT0000269 3.97 4.03 0.89
hsa-miR-132-3p MIMATO0000426 74.61 98.08 0.093
hsa-miR-376c¢-

3p MIMAT0000720 4.42 9.37 1.80E-14
hsa-miR-383-5p MIMATO0000738 1.67 4.3 2.00E-41




Table S4. Co-expressed genes of PTTG3P obtained by UALCAN database.

Co-expressed genes of PTTG3P

PTTG1
UBE2C
CDCAS
TROAP
AURKB
CENPA
CKS2
SKA1
CDC25C
CCNB2
CDC20
CENPW
KIF18B
PIF1
KIF2C
HMMR
CDC45
UBE2T
HJURP
KIFC1
CCNB1
ZNF695
RAD54L
TPX2
TACC3
E2F8
E2F1
KIF20A
NCAPG
OIP5
CDCAS8
TUBALC
NDC80
SNRPG
PLK1
UBE2S
CKS1B
SPC25
LMNB2
PA2G4P4
CCDC99
SNRPA



MRPS5
KIF15
FAMG64A
Clorf135
SNRPD1
Cl6orf6l
CDT1
UQCRH
CDKN3
DSCC1
BIRC5
NUF2
FAM54A
C170rf53
MELK
MAGOH
FAM72B
FOXM1
PSRC1
TOMM5
CENPN
DTD1
GTSE1l
TCOF1
LYAR
BOLA3
DEPDC1B
H2AFZ
TRIP13
DDX12
DLGAPS
LMNB1
EZH2
ORC6L
MND1
RANBP1
RNASEH2A
CDC25A
KIF4A
RFC4
SKA3
TTK
NUSAP1
CHEK2



KIF11
CDKN2A
CEP55
NOP2
EXO1
NEK2
WDR4
RECQL4
ORC1L
LSM2
FAM83D
RAD51AP1
TUBA1B
TRAIP
PHF19
FAM136A
MYBL2
SGOL1
MIR17HG
DBF4
MCM7
UQCRHL
CCNA2
STMN1
NOP16
NDUFA9
CDCA5
DTYMK
PSMB2
RAD51
SNRPC
MRPL51
PKMYT1
C15o0rf23
BUB1
MXD3
EPR1
POLQ
SHFM1
PFDN2
NDUFAF4
TPIL1
CENPH
PBK



PDCD5
LOC388955
DEPDC1
FEN1
C6orf129
CCDC58
CDCA7
HMGB2
SLC25A19
KIF23
MFSD2B
ERCC6L
PSMG1
ATP5EP2
NCAPH
CDK1
MAD2L1
NPM3
ECE2
PDSS1
C9orf40
ASPM
NEIL3
GSG2
LOC100130932
GAPDH
MED30
NUDT1
ESPL1
FBXO5
PPIL5
FAM72A
DONSON
GMNN
HMGA1
KIF14
MAGOHB
TCF19
ATP5J2
MLF2
PRELID1
FANCA
POLR2F
LOC341056



RFC2
HNRNPAB
AURKAPS1
SF3B14
GRK®6
RPIA
RCCD1
KIF18A
CENPM
PDHA1
GINS1
RHEB
AURKA
THOC4
RRP1
NCAPG2
BUB1B
BRIX1
TOMM40
LBR
CTPS
ENY2
WDR67
NUDT5
CHAC2
CEBPB
SNHG1
ASF1B
NXT1
LSM7
TXN
C120rf48
C5orf34
DDX11
NASP
DDX39
POC1A
C90rf100
FANCG
BLM
GPSM2
FAM72D
DAZAP1
ANP32E



PSMG3
FANCE

Table S5. Sequences of primers used in this study.

gRT-PCR primers

Sequences

PTTG3P

PTTG3P

PTTGI

PTTGI

PTTG2

PTTG2

U6

U6

GAPDH

GAPDH

Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer

Reverse primer

GGGGTCTGGACCTTCAATCAA

GCTTTAGGTAAGGATGTGGGA

ACCCGTGTGGTTGCTAAGG

ACGTGGTGTTGAAACTTGAGAT

ATTGGAGAACCAGGCACC

CGTCGTGTTAAAACTTGAGATA

CTCGCTTCGGCAGCACA

GAAGCCUAGAGGAUUGAAGGG

AATGGACAACTGGTCGTGGAC

CCCTCCAGGGGATCTGTTTG
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