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Introduction: Breast cancer (BC) is one of the most prevalent malignancies in women and its
incidence has increased steadily over recent years (0.3% per year). However, the mechanism
of BC tumorigenesis remains elaborate elucidation. With the aid of RNA sequencing technology,
we discovered that immortalization-upregulated protein (Z/MUP) is overexpressed in BC tissues
compared to normal breast tissues. Our study is to understand the role of /MUP in BC.
Methods: We validated the upregulation of /MUP from multiple public databases. By using
quantitative real-time polymerase chain reaction (QRT-PCR), we proved that /[MUP is over-
expressed in BC tissues and cell lines. We performed proliferation, migration, invasion and
apoptosis assays to explore the function of /MUP in BC cell lines (MCF-7 and MDA-MB
-231). Besides, we investigated the effect of IMUP silencing on epithelial-mesenchymal
transition using Western blotting and qRT-PCR.

Results and Discussion: We validated that /MUP expression in BC tissues and cell lines is
higher than that in the normal control group. The clinical analysis showed that IMUP is
associated with lymph node metastasis and the outcome of neoadjuvant taxol-based therapy.
The loss of function assay demonstrated that, with silencing IMUP, the capacities of
proliferation, migration, and invasion of BC cell lines were impaired, while the apoptosis
rate of cells increased. Meanwhile, the downregulation of /MUP could hinder the procession
of epithelial-mesenchymal transition.

Conclusion: Our study proved that /IMUP plays a vital role in BC and acts as a potential
target and marker in future therapy.

Keywords: immortalization-upregulated protein, IMUP, breast cancer, BC, progression,
epithelial-mesenchymal transition, EMT

Introduction

Breast cancer (BC) is the biggest killer among women diagnosed with cancer world-
wide. According to statistics by the American Cancer Society, in the United States,
276,480 estimated new cases of female BC that account for 30% of female cancer will
be diagnosed and will cause over 40,000 deaths in 2020." Based on hormone receptor
(HR) and human epidermal growth factor receptor (HER2) status, BC is classified as
HR+/HER2- (70%), ERBB2+ (15-20%) and triple-negative (HR-/HER2-, 15%)
subtypes.” In recent years, many treatments for early BC determined by sub-
classification greatly improve the prognosis of BC patients with a 5-year survival
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rate of more than 85%.° For example, cyclin-dependent
kinase 4/6 inhibitors and HER2-targeted agents have been
proven to benefit early BC patients with high risk.*
However, as for patients with advanced BC, the S5-year
survival rate is less than 40%;° mainly due to the drug
resistance, sustained tumor invasion, metastasis and evolu-
tion, all of which lead to tumor spread throughout the body,
resulting in the death of patients.” Therefore, it is crucial for
us to understand the occurrence and development of BC and
to find a biomarker that indicates the sensitivity of current
therapy and long-term outcome in the early stage of the
disease.

To excavate new markers, we carried out RNA sequen-
cing analysis of 20 pairs of BC tissues and adjacent normal
tissues (unpublished data). We found that immortalization-
upregulated protein (/MUP), a coding gene located on chro-
mosome 19q13, also known as Hepatocyte Growth Factor
Activator Inhibitor Type 2-Related Small Protein (H2RSP) or
C190rf33, is upregulated significantly in BC tissues com-
pared with noncancerous tissue. The two transcripts of IMUP
were first identified in Simian virus 40-immortalized human
fibroblasts by Seishi Kato.® The protein coded by IMUP
plays a role in placental development and pre-eclampsia.”'°
In the field of cancer research, IMUP was overexpressed in
many gynecologic malignancies and associated with the

cell carcinoma.!'™"3

prognosis of cervical squamous
Moreover, previous studies showed that IMUP expression
was higher in multifocal BC than unifocal BC and might
relate to an aggressive phenotype of BC cell lines.'*"
However, the biological function of /MUP in BC still has
not been systematically investigated yet.

In this study, we validated the upregulation of IMUP
in BC tissues and cell lines. We also found that high
expression of /MUP might correlate with lymph node
metastasis (LNM) and worse response to taxol. Loss-of-
function experiments revealed the biological function of
IMUP in the BC cell line, as well as the relationship
between IMUP and Epithelial-mesenchymal transition
(EMT). All in all, our findings showed that /MUP could
act as a tumor promoter, which implies that it might be

a target for future treatment of BC.

Materials and Methods
Validated Samples

Forty-eight matched pairs of BC samples and adjacent

normal tissue samples were collected from the

Department of Thyroid and Breast Surgery of The First

Affiliated Hospital of Wenzhou Medical University
(Wenzhou, Zhejiang, China). Each Sample was initially
snap-frozen in liquid nitrogen after excision of the tumor
by the surgeon and stored at —80°C until use. The histo-
logical analysis of each specimen was verified by the
pathologists who possess the title of director. Informed
consent was obtained from all patients before tissue
collection.

Public Datasets

The clinical information and the sequencing data of 1091
primary BC samples and 113 normal breast tissues were
downloaded from The Cancer Genome Atlas (TCGA)
breast cancer database (https://tcgadata.nci.nih.gov/tcga/).

The information of isoforms from BC tissues was retrieved
using GEPIA2 (http://gepia2.cancer-pku.cn/). Moreover,
the mRNA expression of /MUP in other datasets was
retrieved from the Oncomine online tool (https://www.

oncomine.org). Microarray dataset GSE22513'® down-
loaded from Gene Expression Omnibus (GEO) (https://
www.ncbi.nlm.nih.gov/geo/) contained samples from BC

patients who achieved a pathologic complete response
(pCR) or non-pCR after treatment of neoadjuvant pacli-
taxel/radiation therapy. The differentially expressed genes
(DEGs) filtered by the threshold of p-value < 0.05 and |
log2(fold change)| > 2 were identified using Limma pack-
age by R software. The heatmap was performed using the
Euclidean distance metric.

Cell Culture and Transfection

Human BC cell lines (MDA-MB-231, MCF-7, T47D,
MDA-MB-436, MDA-MB-453) and normal mammary
epithelial cell line (MCF-10A) were purchased from the
Cell Bank of the Shanghai Chinese Academy of Sciences
(Shanghai, China). Under 5% CO2, MDA-MB-231, MCF-
7, and T47D were cultured in DMEM medium (Gibco,
Invitrogen, Carlsbad, CA, USA), and the MCF-10A was
cultured in DMEM-F12 medium (Gibco). MDA-MB-436
and MDA-MB-453 were incubated in L-15 medium
(Gibco) without CO2. All cell lines were grown with
10% Fetal bovine serum (Gibco) and 1% penicillin/strep-
tomycin (Solarbio, Beijing, China) at 37°C.

The cells (MCF-7 and MDA-MB-231) were seeded in
6-well plates before transfection at a certain density (15x 10*
cells per well). Small interfering RNA (siRNA) designed and
supplied by Gene Pharma (Shanghai, China) was used to
silence the expression of IMUP. After premixing with
Lipofectamine RNAIMAX (Invitrogen, Grand Island, NY,
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USA) (siRNA: iMAX= 10 ul/4 ul; 100 nM final concentra-
tion per well), the siRNA was introduced into cells. The
medium was replaced after 7 h and further experiments
could be conducted after 48 h. The siRNA sequences targeted
IMUP were as follows: siRNAI1- sense: GGUCCGGGUCC
AAAGCAAGTT/antisense: CUUGCUUUGGACCCGGAC
CTT; siRNA2- sense: GGAUGUGAAGUCCCACGCUTT/
antisense: AGCGUGGGACUUCACAUCCTT.

RNA [solation and Quantitative

Real-Time Polymerase Chain Reaction

The TRIzol reagent (Thermo Fisher Scientific, Waltham,
MA, USA) was used to isolate the total RNA of tissues and
cells according to the manufacturer’s protocol. Reverse tran-
scription was performed using ReverTra Ace qPCR RT Kit
(Toyobo, Osaka, Japan) and its temperature protocol was as
follows: 16°C for 5 min, 42°C for 30 min and 98°C for 5 min.
The quantitative real-time polymerase chain reaction (qQRT-
PCR) was applied to measure mRNA expression using the
SYBR Premix Ex Taq II kit (RR820A, TaKaRa, Dalian,
China). The conditions of qRT-PCR in the ABI 7500 Real-
Time PCR System (Thermo Fisher Scientific Inc) were: 95°C
for 30 seconds, followed by 40 cycles of 95°C for 5 seconds
and 60°C for 34 seconds. The 2~ **“* method was employed
for data analysis. All experiments were repeated at least
twice. The primers (Generay, Shanghai, China) involved in
this study were as follows: IMUP- forward: GGTTTAAT
GAGCCCTGTCC/reverse: CAAGAAGCCCAAAGTGAA
GA; Isoform-1 (ENST00000301246) forward: GATGTGA
AGTCCCACGCTGC/reverse: GCCTCCTTCTTCTTGCC
CTT; Isoform-2 (ENST00000588605) forward: TCACTGC
CGCACCTCCAT/reverse: CATCCGTGTCCGAATCGCT;
GAPDH- forward: GTCTCCTCTGACTTCAACAGCG/
reverse: ACCACCCTGTTGCTGTAGCCAA; E-cadherin-
forward: AGTCACTGACACCAACGATAAT /reverse: ATC
GTTGTTCACTGGATTTGTG; N-cadherin- forward: CGA
TAAGGATCAACCCCATACA/reverse: TTCAAAGTCGA
TTGGTTTGACC; Vimentin- forward: CCGACACTCCTA
CAAGATTTAGA/reverse: CAAAGATTTATTGAAGGAG
AACC.

Cell Counting Kit-8 Assay and Colony

Formation Assay

At 48 h after transfection, the cells were collected by diges-
tion and centrifugation. MDA-MB-231 (2x10° cells per
well) and MCF-7 (3x10° cells per well) were plated into 96-
well plates. Cell Counting Kit-8 (CCK-8) (Beyotime

Biotechnology, Shanghai, China) was used to assess cell
viability every 24 h following protocol (10 ul per well).
The cells were incubated at 37°C for 3 h and then the
absorbance was read at 450 nm on a spectrophotometer.
Additionally, Cells were also seeded in 6-well plates evenly
with the number described above. At least 7 days later,
colonies were fixed with 4% paraformaldehyde and stained
by 0.1% crystal violet before photo and counting. The
experiments were duplicated three times.

Transwell Migration and Invasion Assay

Cells were collected and placed on the upper chamber of
Transwell (#3422, Corning, NY, USA) (4x10* cells per well
for MDA-MB-231 and 1x10° cells per well for MCF-7) with
the serum-free medium. The lower chamber contained 600
ul medium with 10% serum. The top surfaces of Transwell
were wiped with cotton swabs and the lower sides were fixed
by 4% paraformaldehyde and stained with 0.1% crystal
violet after 24 h. Five random fields of each chamber were
imaged under a microscope at x20 magnification. Invasion
assay was conducted using the Matrigel invasion chamber
(#354,480, Corning Biocat, NY, USA) by the same protocol.

Wound Healing Assay

After transfection, cells were seeded in 24-well plates
(2.5%10°/well) with the serum-free medium and the pipette
tip was used to create a scratch on each well. Five fixed
points were imaged under a microscope at x5 magnifica-
tion at Oh and 24 h after scratching. ImageJ software (NIH,
MD, USA) was used to quantify the migrating areas. The
migrating rate (%)= (0 h wound area — 24 h wound area)/0
h wound area x 100%.

Apoptosis Assay

Annexin V FITC apoptosis kit (#556,547, BD, Franklin
Lakes, NJ, USA) was used to detect cellular apoptosis by
flow cytometry. The targeted cells were harvested and
resuspended in 500 ul 1xbind buffer. Then the resus-
pended cells were stained with 5 ul Annexin V-FITC for
15 min and 5 ul PI for 5 min at room temperature. Flow
cytometry (BD Biosciences AccuriC6, NJ, USA) adopted
2x10* labeled cells and determined the level of apoptosis.
Flowjo software (FlowJo, Ashland, USA) was done to
analyze the results. The apoptosis rate was identified as
the proportion of late apoptotic cells (Q2, Annexin V+/PI
+) and early apoptotic cells (Q3, Annexin V+/PI-).
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Western Blotting

Cell protein was extracted using RIPA buffer (Solarbio,
Beijing, China) with phenylmethanesulfonyl fluoride
(Solarbio). Samples with 100 ul lysis buffer were incubated
on ice for 30 min and then shook with ultrasound for 1 min.
After centrifuging for 20 min, the protein concentration was
measured by the bicinchoninic acid (BCA) assay (Thermo
Scientific, USA). Samples with loading buffer were sub-
jected to electrophoresis on 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (BioRad, Berkeley, CA,
USA), and transferred to polyvinylidene difluoride (PVDF)
membranes (0.45 um, EMD Millipore, Billerica, MA, USA)
at 300 mA for 2 h. The PVDF membranes were incubated at
4°C with primary antibodies overnight after blocking in 5%
fat-free milk. The membranes were subsequently washed
and blotted with corresponding horseradish peroxidase-
conjugated  secondary antibody (1:5000, Abcam,
Cambridge, UK) at room temperature for 2 h. Next, the
chemiluminescence (ECL) (Thermo Scientific, USA) detec-
tion system was performed to visualize the protein bands.
The protein expression related to B-actin were quantified by
ImageJ software. Every experiment was repeated indepen-
dently at least two times. The primary antibodies used in this
research were as follows: IMUP (1:1000, ab213949,
Abcam, Cambridge, MA, USA), E-cadherin (1:5000,
20,874-1-AP, Proteintech, Wuhan, China), Vimentin
(1:2000, 10,366-1-AP, Proteintech), N-cadherin (1:2000,
22,018-1-AP, Proteintech), B-Actin (1:5000, 60,008-1-Ig,
Proteintech).

Statistical Analysis

Statistical evaluation was conducted using SPSS 22.0 soft-
ware (IBM SPSS Inc, Chicago, USA) and Graphpad Prism8
software (GraphPad, CA, USA). For categorical variables,
Pearson’s chi-square test was applied. For numerical data,
two groups with the normal distribution were analyzed by
Student’s #-test. Non-normal distributed data were compared
using non-parametric statistic tests (Mann—Whitney test for
unpaired data and Wilcoxon rank-sum test for paired data).
Two-way ANOVA was used for multiple comparisons. The
data were presented as mean + standard deviation for con-
tinuous variables and frequency for categorical variables,
and p-value < 0.05 was considered to be significant. The
receiver operating characteristic (ROC) curve was plotted by
Prism8 and the area under the ROC curves (AUC) was
applied to assess the diagnostic value.

Result

IMUP is Overexpressed in BC

To verify the result of our RNA sequencing data of IMUP
(Table S1), we download gene expression data of BC from
The Cancer Genome Atlas. We found that the expression of
IMUP was higher in 1091 primary BC tissues than 113
normal breast tissues in the TCGA database (p< 0.0001,
Figure 1A). Moreover, we detected the mRNA level of
IMUP by qRT-PCR in cell lines and validated tissues cohort.
As shown in Figure 1B, IMUP was significantly upregulated
in 48 tumor tissues compared to the matched paraneoplastic
tissues (p< 0.0001). Next, we further retrieved the IMUP
expression in the Oncomine database. Analysis of Curtis (p<
0.0001),"” Ma (p< 0.01)'"® and Richardson (p< 0.05)"
showed that the mRNA expression of /JMUP was higher in
invasive BC tissue compared with nontumor samples
(Figure 1CE). In BC cell lines, The IMUP mRNA expres-
sion in MDA-MB-231 (p< 0.001), MCF-7 (p< 0.01) and
T47D (p< 0.01) were higher than the normal breast cell line
MCF-10A, while the expression in MDA-MB-436 (p< 0.01)
and MDA-MB-453 (p< 0.01) were lower than MCF-10A
(Figure 1F). Finally, we evaluate the diagnostic effect in
large sample size data; ROC curve analysis showed
a certain diagnostic value of IMUP expression for
discriminating BC from normal tissues in the TCGA
(AUC:0.692, p< 0.0001) and Curtis cohorts (AUC:0.698,
p< 0.0001) (Figure 1G). Taken together, these results
demonstrated the marked upregulation of JMUP in BC.

High Expression of IMUP is Associated
with Lymph Node Metastasis and Might
Be a Predictive Biomarker for Worse
Response to Neoadjuvant
Paclitaxel-Based Therapy in BC

To explore the relationship between expression of IMUP
and clinical features of BC patients, the tumor samples
from TCGA and validated cohort were divided into two
groups with high and low IMUP expression according to
the median value. For TCGA cohort, as shown in Table 1,
high expression of IMUP correlated with gender (p<
0.001), age (p= 0.012), LNM (p= 0.012) and disease
stage (p= 0.046). For the validated cohort, the same rela-
tionship between /MUP expression and LNM was
observed (p= 0.042, Table 2). Then we discovered that
the /MUP expression in patients with LNM was higher
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Figure | IMUP was upregulated in BC. (A) IMUP expression was higher in BC tissues
compared to the adjacent normal tissues in the TCGA database. (B) The high expres-
sion of IMUP in BC was verified in the validated cohort by qRT-PCR. The mRNA
expression of IMUP was upregulated in invasive BC compared with normal breast
tissues in Curtis (C), Ma (D), and Richardson (E) BC databases. (F) The expression of
IMUP in BC cell lines. Compared to the normal BC cell line MCF-10A, IMUP expression
was higher in BC cell lines (MDA-MB-231, MCF-7, T47D) and lower in others (MDA-
MB-436, MDA-MB-453). (G) ROC curve analysis showed that IMUP could distinguish
patients with BC from nontumor patients in the TCGA and Curtis cohorts. Statistical
analysis was illustrated as follows: (A, C, E): Mann—Whitney test; (B): Wilcoxon test;
(D and F): t-test. *p < 0.05; **p < 0.01; **p < 0.001, ***p < 0.0001.

than that in patients without LNM in TCGA and validated
cohort (Figure 2A and B, p< 0.05).

To further investigate the clinical value of IMUP, we
mined human BC samples from the GEO database.
GSE22513, a dataset that aimed to identify molecular
markers of pathologic response to neoadjuvant paclitaxel/
radiation treatment, consists of 28 BC samples, which
were obtained before treatment from 4 patients that

change]|= 2.534, p< 0.001, Figure 2C).

To sum up, the above discoveries indicated that /MUP
might be a potential biomarker for the prediction of LNM
and the effect of taxol.

The Expression of Isoforms of IMUP is
Different in BC

The IMUP has two main isoforms produced by alternative
splicing events. We evaluated the expression of isoform-1
(ENST00000301246.9) and isoform-2 (ENST0000058
8605.5) using the TCGA-based tool GEPIA2. We found
that the isoform-1 level is higher than the isoform-2 level
in BC tissues (Figure 3A). According to Figure 1F, MDA-
MB-231 and MCF-7 who both expressed the highest levels
of IMUP were selected for further experiments. Next, we
explored the variant expression in BC cell lines and dis-
covered that isoform-1 expression is significantly higher
than isoform-2 expression in both MDA-MB-231 and
MCF-7 (p< 0.01, Figure 3B). To further investigate the
underlying biological function of /IMUP in BC, We used
two siRNA sequences to silence the expression of IMUP.
The mRNA and protein levels of IMUP were markedly
decreased in cells transfected with siRNA compared to
that in the control group (Figure 3C and F). We also
found that both isoform-1 and isoform-2 were significantly
downregulated after transfection (Figure 3D and E).

Downregulation of IMUP Suppresses
Tumor Proliferation and Induces
Apoptosis in vitro

We performed CCK8 assay and colony formation assay to
assess the effect of IMUP on cell proliferation. As shown
in Figure 4A and B, knockdown of /MUP impaired the
proliferative capacity of MDA-MB-231 and MCF-7.
Evading apoptosis was proven to be a hallmark of cancer
in the previous study.?® Therefore, we further detected the
level of apoptosis in BC cell lines. The results showed the
increased apoptosis rate in IMUP-silence BC cells com-
pared with control cells (Figure 4C). These findings indi-
cated that IMUP could promote the proliferation and
reduce apoptosis of breast cancer cell lines.
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Table | The Correlation Between IMUP Expression and Clinicopathologic Features in the TCGA Cohort

Features Patients High Expression (%) Low Expression (%) Pearson X2 P
Gender
Male 12 12(100.0) 0(0.0) 12.134 <0.001
Female 1078 533(49.4) 545(50.6)
Age
<50 299 131(43.8) 168(56.2) 6.309 0.012
250 791 414(52.3) 377(47.7)

Tumor size (mm)
<20 279 140(50.2) 139(49.8) 0.008 0.930
>20 808 403(49.9) 405(50.1)

Lymph node metastasis
No 514 234(45.5) 280(54.4) 6.355 0.012
Yes 556 296(53.2) 260(46.8)

Disease stage (AJCC7)
I+l 805 386(48.0) 419(52.0) 3.990 0.046
+v 273 150(54.9) 123(45.1)

Distant metastasis

No 907 452(49.8) 455(50.2) 0.191 0.662
Yes 22 12(54.5) 10(45.5)

Recurrence
No 1016 506(49.8) 510(50.2) 0.232 0.630
Yes 74 39(52.7) 35(47.3)

Note: P-value< 0.05.
Abbreviations: IMUP, immortalization-upregulated protein; TCGA, The Cancer Genome Atlas; Pearson X2, Pearson’s chi-square; AJCC7, American Joint Committee on
Cancer 7th edition.

Table 2 The Relationship Between IMUP Expression and Clinicopathologic Features in the Validated Cohort

Features Patients High Expression (%) Low Expression (%) Pearson X2 P
Age
<50 22 11(50.0) 11(50.0) 0.000 1.000
250 26 13(50.0) 13(50.0)

Tumor size (mm)
<20 28 12(49.9) 16(57.1) 1.371 0.242
>20 20 12(60.0) 8(40.0)

Lymph node metastasis
No 27 10(37.0) 17(63.0) 4.148 0.042
Yes 21 14(66.7) 7(33.3)

Disease stage (AJCC7)

| 21 8(38.1) 13(61.9) 2.116 0.146
1+l 27 16(59.3) 11(40.7)

Degree of differentiation
Low 17 6(35.3) 11(64.7) 3.741 0.053
Medium and high 26 17(65.4) 9(34.6)

Ki67(%)
<30 19 9(47.4) 10(52.6) 0.174 0.676
230 28 15(53.6) 13(46.4)

Note: P-value< 0.05.
Abbreviations: IMUP, immortalization-upregulated protein; Pearson X2, Pearson’s chi-square; AJCC7, American Joint Committee on Cancer 7th edition.
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Figure 2 The expression of IMUP was associated with LNM and response to neoadjuvant taxol-based therapy. (A) The expression levels of IMUP were higher in the group
with LNM compared to that in the group without LNM in the TCGA cohort. (B) The expression levels of IMUP were higher in the group with LNM compared to that in the
group without LNM in validated cohort. (C) The expression of IMUP was elevated in the non-pCR group compared to the pCR group. (D) Heatmap of the top 50
significantly differential genes between the pCR group and the non-pCR group were identified from GSE225 3. Statistical significance of differential expression was evaluated
using Mann—Whitney test (A and B) and t-test (C) with p-value significant codes: *p < 0.05; ***p < 0.001.

The Downregulation of IMUP Hinders

Migration and Invasion of BC Cell Lines
We had demonstrated that the expression of /MUP corre-
lated closely to the LNM of BC. Thus, migration and
invasion assay was conducted in MDA-MB-231 and
MCF-7 to examine the effects of IMUP on cell motility.
As shown in Figure 5A and B, wound healing assay and
Transwell assay showed that migratory abilities in cells
with a low level of IMUP decreased. The invasive proper-
ties of BC cell lines reduced by the downregulation of
IMUP were analyzed by the Matrigel invasion chamber
assays (Figure 5C). Combined with our conclusion above,
IMUP might promote LNM by regulating BC cell migra-
tion and invasion.

IMUP Regulates the EMT Process of BC
Cell Lines

Our work suggested that /MUP promotes an invasive
phenotype in BC cells. Since the EMT process serves
a critical role in tumor metastasis,”’ we hypothesized
that /MUP might be involved in EMT during cell
Next, EMT-related
(E-cadherin, N-cadherin, and Vimentin) were examined
by qRT-PCR and Western blotting. The results showed
that downregulated /M UP increased E-cadherin expres-

migration. gene  expression

sion while decreasing the level of N-cadherin and
Vimentin (Figure 6A and B). This evidence indicated
that /IMUP might regulate the progression of BC cell
lines by EMT.
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0.01; #4kp < 0.001, *#kp < 0.0001.

could help us approach the individualized and precision
treatment. According to our RNA sequencing data, we
identified that IMUP was one of the most significant
differentially expressed genes in BC. The expression of

IMUP was
11,12,23

shown to be wupregulated in various

cancers. Existing studies have suggested that
IMUP is associated with aggressive and malignant char-
acteristics of BC.!#!3 However, little is known about the
specific function of /MUP in BC. Here, we identified the
upregulation of /MUP in BC in a public database, then
reconfirmed the expression of IMUP in our validated

cohort and BC cell lines using qRT-PCR.

Next, we investigated the relationship between IMUP
expression and clinicopathological characteristics. The
results revealed that the expression of IMUP relates to
LNM and the response to neoadjuvant taxol therapy.
Taxol is an effective agent in the first-line adjuvant or
neoadjuvant chemotherapy for BC.**** In recent years,
the wild-spread application of neoadjuvant therapy
(NAT) has increased the rate of breast-conserving surgery
and offered chances in testing drug sensitivity. NAT has
become a preferred treatment, especially for locally
advanced BC.?® Not only that, but numerous studies have
also demonstrated that patients who achieve pCR
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Figure 5 Down-regulation expression of IMUP hindered migration and invasion of BC cell lines. (A) Wound-healing assay determined the migratory ability of BC cell lines
transfected with siRNA or siNC. The migrating rate (%)= (0 h wound area — 24 h wound area)/0 h wound area x [00%. (B and C) Transwell migration and invasion assays in
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following NAT had better overall survival.?” Several geno-
mic and proteomic signatures, such as PI3K mutations and
MYC amplification, had been considered as valuable prog-
nostic predictors in NAT.?®*° Through data mining, we
found that IMUP is a higher expressed gene in non-pCR
versus pCR tumors following neoadjuvant taxol-based
therapy, which suggested that its expression may affect
taxol sensitivity in BC tumors and may serve as
a predictor of response to NAT. Future research could
continue to explore how the IMUP influences the tumor
sensitivity to taxol and to validate its predictive value in
other clinical cohorts.

Alternative RNA splicing is a common phenomenon
in the post-transcriptional process. The variants form the

same precursor can have different effects on cancers.’’

There are two main isoforms of /MUP. In our study, we
found that isoform-1 (ENST00000301246) expressed
highly in BC tissues and cell lines, and might play the
leading role in the influence of /MUP on BC. The loss-of
-function study showed that JMUP could promote pro-
liferation, migration, and invasion while hindering apop-
tosis in vitro. EMT is a crucial process involving in
cancer metastasis, progression, drug resistance, angio-
genesis, and stemness.”' David Sarrio reported that the
elevation of EMT mesenchymal markers (Vimentin,
N-cadherin, and Cadherin-11) together with the down-
regulation of epithelial markers (E-cadherin and cytoker-
atins) occur in BC.*' Moreover, multiple studies have
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of grey value were performed using Student’s t-test. *p < 0.05; **p < 0.01.

proved that EMT induction was an indicator of the
enhancement of taxol resistance in BC.**** Given the
association of /MUP with cell motility and treatment
response of taxol, we detected the levels of EMT-
related genes in mRNA and protein levels. The results
showed the lower Vimentin and N-cadherin expression
and the in IMUP-
knockdown BC cell lines compared to that in the control

higher E-cadherin expression
group. Our experiments suggested that /MUP might pro-
mote the progression of BC via regulating EMT
procession.

Despite our novel findings, there are still some limita-
tions to this research. First, the protein level of IMUP
in BC tissues should be validated. Second, it is more
convincing to assess the gain of function of IMUP in cell
lines with low-level expression. In addition, biological
examinations should be conducted to verify the IMUP-
mediated effect on drug resistance. Finally, the results of
the function of IMUP in BC need deeper validation
in vivo.

Conclusions

In our present work, we conclude that /MUP is upregu-
lated in BC and its expression is associated with LNM and
the response to taxol therapy. IMUP silencing hinders the
progression and reverses the EMT process in BC cell lines.
These consequences indicate that /MUP functions as an
oncogene and may be a potential therapeutic target in BC.
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