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Background: At present, due to the heterogeneity of breast cancer, common tumor markers have certain
limitations in clinical prognostic evaluation. This suggests an unmet need for markers to predict clinical
outcomes and potentially guide targeted therapies. The present study sought to explore the expression level
and clinical significance of undifferentiated embryonic cell transcription factor 1 (UTF1) in breast cancer.
Methods: Immunohistochemistry (IHC) was used to detect the expression of UTF1 in 221 breast
cancer samples. The clinical significance of UTF1 protein expression in breast cancer tissues was
evaluated by combining clinicopathological parameters and UTF1 expression profile. We performed
3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) and clone formation assays to evaluate
the effect of UTFI on Bcap37 cell proliferation. Wound healing assay and transwell migration assay were
used to evaluate the changes of cell invasion and migration ability, respectively. All experiments were
performed with 3 biological replicates. Genomic differences after UTF1 overexpression were evaluated by
RNA sequencing technology and the possible functions and regulatory mechanisms were elucidated.
Results: The findings showed that UTF1 expression level was significantly correlated with tumor size
(P=0.004), but not with patient age, tumor histological stage, lymph node metastasis, as well as estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor-2 (HER-2), and Ki67
expression levels. Kaplan-Meier survival analysis and Cox proportional hazard model indicated that UTF1
expression was significantly associated with overall survival (OS) time of breast cancer patients. The median
survival time of patients with high expression level of UTF1 was shorter compared with that of patients
with low UTF1 expression level. The results of cell experiments showed that UTF1 overexpression could
significantly promote the growth, proliferation, migration, and invasion of breast cancer cells. The RNA
sequencing results showed that UTF1 was not only closely related to apoptosis genes, but also closely related
to the nuclear factor (NF)-kappa B pathway.

Conclusions: The findings of the current study indicate that UTF1 is involved in occurrence and tumor

progression and is significantly associated with prognosis of breast cancer patients.
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Introduction

Breast cancer is the most common cancer in women
worldwide, accounting for 30% of all cancer cases.
Although diagnostic and treatment strategies for breast
cancer have improved significantly over the past few
decades, breast cancer remains responsible for 15.5% of
cancer-related deaths in women (1). At present, biomarkers
such as estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor-2
(HER-2) are widely used to guide clinical treatment and
prognostic assessment based on their good predictive
effects on treatment sensitivity (2,3). However, due to the
heterogeneity of breast cancer, these markers have certain
limitations for clinical prognostic evaluation. Therefore,
there is an urgent need for new breast cancer biomarkers to
guide clinical work (4).

Undifferentiated embryonic cell transcription factor
1 (UTF1), a transcription-related factor, has previously
been reported to play a role in embryonic development as
well as promoting the reprogramming of human somatic
cells into induced pluripotent stem cells (5,6). However,
recent studies have found that UTF1 is closely related to
the occurrence and development of tumors. Expression
of UTFI in different cancers reveals its function as an
oncogene or tumor suppressor, indicating the tissue-
specific role of this protein. For example, UTF1 expression
is increased in endometrial and prostate cancers and
decreased in colon and kidney cancers (7). Moreover, UTF1
expression has potential implications in brain cancer. It can
distinguish between grade I-III and IV neuroblastoma and
can be used as a good prognostic marker (8).

Functionally, the depletion of UTF1 reduced the
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tumorigenicity of teratoma, whereas its overexpression
resulted in large tumor formation in nude mice, suggesting
that UTF1 may have an oncogenic role. This role may
explain its ability to promote teratoma formation and
its expression in various cancer cells (9,10). In contrast,
UTF1 inhibits cell proliferation by directly binding to the
promoter of the cell cycle regulator p27 Kipl to induce
cell cycle arrest in cervical cancer, suggesting that UTF1
may also have tumor suppressor activity (11).In this study,
we found that UTF1 is closely related to the proliferation,
invasion, and metastasis of breast cancer, and has important
value in evaluating clinical prognosis, which indicates that
UTFI1 may be a potential biomarker for breast cancer. We
present the following article in accordance with the MDAR
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-22-2890/rc).

Methods
Patient

A total of 221 consecutive breast cancer patients who
underwent surgical treatment at Shaoxing People’s Hospital
from January 2009 to December 2011 were included
in this study. The inclusion criteria were as follows: (I)
breast cancer confirmed by histopathology; (II) no distant
metastasis; (III) newly diagnosed patients who have not
received other treatment; (IV) no previous breast surgery
history; (V) no malignant lesions; (VI) complete clinical
information. The pathological features of breast cancer
specimens were classified according to the seventh edition
of the Handbook of the International Union against Cancer
and the American Joint Committee on Cancer Staging.

Ethical approval

This study was approved by the Ethics Committee of
Shaoxing People’s Hospital (No. 2019-K-Y-256-01). All
participants or their guardians provided written informed
consent or oral informed consent by telephone (recording).
The two types of forms of consent were approved by the
Ethics Committee of Shaoxing People’s Hospital. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Immunobistochemical analysis

Formalin-fixed, paraffin-embedded tissue specimens were
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used for immunohistochemical (IHC) staining. A PV 2-step
ITHC kit combined with 3,3'-diaminobenzidine (DAB) kit
was used to visualize the reaction products. The primary
antibodies used were as follows: anti-UTF1 (#48148, SAB
Biotherapeutics, Sioux Falls, SD, USA), Anti-ER (ab320063,
Abcam, Cambridge, UK), Anti-PR (ab32085, Abcam, UK),
and Anti-Ki67 (ab16667, Abcam, UK).

The THC evaluation of UTF1, PR, and ER was
performed using a semi-quantitative scoring system based
on the combination of the proportions of positively stained
cells (PS) and the intensity of the staining (IS). The IS was
as follows: 0, no staining; 1, weak staining (light yellow); 2,
moderate staining (yellow brown); and 3, strong staining
(brown). PS ranged from 1% to 100%, given as follows:
0, 0%; 1, 0-25%; 2, 25-50%; 3, 50-75%; 4, 75-100%.
Calculation of the 2 scores gave a final score ranging from 0
to 12. Positive expression of UTF1 was defined as the total
score >1, and positive expression of ER and PR was defined
as the total score >2.

Evaluation criteria for Ki67 expression were based on the
percentage of positive tumor cells. It was as follows: 0, 0%;
1, 0-30%; 2, >30%. A score greater than 1 was defined as
Ki67 positive expression.

Follow-up

Telephone and outpatient visits were the main methods
of follow-up. Follow up was performed every 3 months
within 2 years after operation, once every half a year within
3-5 years after operation, and once a year over 5 years after
operation. All patients were followed up until death or the
last follow-up date on 30 December 2020. A total of 47
patients (21.2%) died during the follow-up, and the median
follow-up interval was 120 months (20-125 months).

Cell culture

Bcap37 was selected for experiments due to its high
overexpression and knockdown efficiency. Human breast
cancer cell line Bcap37 were purchased from FuHeng
Cell Center (FH0216; Shanghai, China). Bcap37 was
subcultured in 1640 medium supplemented with 10% fetal
bovine serum (FBS) in an incubator at 37 °C and 5% CO,
saturation humidity.

Cell transfection

UTF1 overexpressed plasmid (pEGFP-N1-UTF1)
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and its empty plasmid were purchased from Shanghai
Nuoyue Biotechnology Co., Ltd. (Shanghai, China).
The pEGFP-N1-UTF1 was transfected into human
breast cancer cell line Bcap37 using Lipofectamine
2000 (#11668019, Invitrogen, Carlsbad, CA, USA),
and screened by G418 [HY-17561, MedChemExpress
(MCE), Monmouth Junction, NJ, USA]. Finally, the
cell line BCAP37-UTF1 with stable overexpression
of UTF1 was obtained. UTF1 small interfering RNA
(siRNA; F: 5-GCUACAGUUCCUUAAAGATT-3;
R: 5-UCUUAAGGAACUUGUAGGTT-3), and their
matching transfection reagents were purchased from
Guangzhou Ruibo Biological Co., Ltd. (Guangzhou,
China). According to the manufacturer’s instructions,
siRNA was transferred into BCAP37-UTFI1 stable cell
lines with transfection reagents to down-regulate UTF1
expression.

Quantitative real-time polymerase chain reaction
(qRT-PCR) analysis

Total RNA was extracted from logarithmic growth phase
cells. RNA was reverse transcribed into complementary
DNA (¢cDNA) by using PrimeScript RT reagent Kit
(RRO36A, Takara, Shiga, Japan). The qRT-PCR reactions
were performed with SYBR® Premix Ex Tag™ Kit (RR820A,
Takara, Japan) in LightCycler480 PCR instrument (Roche,
Indianapolis, IN, USA). Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the internal control.
The relative expression of UTF1 was calculated using 27"
method. The primers used for RT-qPCR were as follows:
UTF]I, forward: 5'-CGCCGCTACAAGTTCCTTAAA-3",
reverse: 5'-GGATCTGCTCGTCGAAGG-3'; GAPDH,
primer: 5'-CCCAGCAAGAGCACAAGG-3', reverse:
5'-GGTCTACATGGCAACTGTGAGGA-3".

Western blot

Cells were lysed with a mixture of cell lysis buffer and
protease inhibitor. Subsequently, cells were centrifuged at
12,000 r/min at 4 °C for 10 minutes. Protein concentration
of the supernatant was determined by bicinchoninic
acid (BCA) method. Proteins were transferred to a
polyvinylidene fluoride (PVDF) membrane and sealed
with 5% defatted milk powder. Further, the membranes
were incubated with UTF1 (#48148, SAB, USA) and
B-actin (ab115777, Abcam, UK) primary antibody at
4 °C overnight. Membranes were then incubated with the
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corresponding horseradish peroxidase (HRP)-conjugated
secondary antibodies at room temperature for 2 hours. The
gel imaging system was used to obtain images after addition
of enhanced chemiluminescence (ECL) reagent to the
membranes (Biosharp, Hefei, China).

Cell proliferation and colony formation assay

Logarithmic growth phase cells were collected and
inoculated into 96-well plates at a density of 5x10° cells/
well, each group had 6 parallel holes. Cell viability
was tested with the 3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT) by measuring optical
density (OD)570 nm every 24 hours for 3 days. The
experiment was conducted in 3 independent replicates
and all assays were performed in triplicate. In the colony
formation assay, the transfected cells were cultured in
6-well plates at a density of 200 cells/well. The culture was
terminated when the cell clone was visible to the naked eyes,
then fixed cells with 4% paraformaldehyde for 15 minutes
followed by 0.1% crystal violet staining for 30 minutes.

Wound bealing assay

Bcap37, Beap37-UTF1, and Si-UTF1 were seeded in 6-well
dishes at a density of 1x10’ cells per well and grown to 90%
confluence. The cell monolayers were scraped with a sterile
10 pL micropipette tip to create a denuded area of constant
width. Exfoliated cells were removed by phosphate-buffered
saline (PBS) and cultured in the incubator after adding
culture medium. The wound closure was monitored and
photographed at 24 and 48 hours after wounding.

Migration assay

Migrations assays were performed in 24-well Transwell
chamber (Corning, New York, NY, USA). Cells were
inoculated at a density of 5x10* cells per well in the upper
chamber, and 500 pL medium containing 10% FBS was
added in the lower chamber as a chemotactic inducer. After
incubation for 48 hours, cells that had migrated to the lower
surface of the filter were fixed with 4% paraformaldehyde
and stained with 0.5% crystal violet solution.

mRNA sequencing
Total RNA was extracted from Bcap37-UTF1 cells in the
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logarithmic growth phase and their empty control cells,
using TRizol reagent (#15596026, Invitrogen, USA). The
RNA samples were sent to Shanghai Xinchao Biotechnology
Co., Ltd. (Shanghai, China) for the preparation of the
whole transcriptome library and deep sequencing.

Statistical analyses

The statistical software SPSS 26.0 IBM Corp., Armonk,
NY, USA) was used for statistical analyses. Clinical
measurement data were expressed as mean = standard
deviation (mean = SD). T-test and y’-test were used to
evaluate any potential association between UTF1 expression
and clinicopathological parameters. Kaplan-Meier method
was used to evaluate the survival rate, and the statistical
difference between survival curves was determined with
the log-rank test. Cox proportional hazard model was used
for multivariate prognosis analysis. Variables included in
the multivariate analysis were those that were statistically
significant in the univariate analysis. All basic experiments
were repeated at least three times, and data are presented as
the (means + SD). T-test was used to determine statistical
significance between two groups. Statistical significance was
considered when P<0.05.

Results
Expression of UTF1 protein in breast cancer

The expression profile of UTF1 in 221 breast cancer tissues
was explored by IHC. The results showed that UTF1 was
mainly localized in the cytoplasm, and UTF1 was positive
in 70 of 221 patients (31.7%) (Figure I).

Correlation between UTF1 expression and other
clinicopathological parameters in breast cancer

The correlation between UTF1 expression level and
clinicopathological parameters of breast cancer (such as
patient age, tumor histological stage, tumor size, lymph
node metastasis, and expression levels of ER, PR, HER-
2, and Ki67), was evaluated (7able I). The results showed
that UTF1 was not correlated with patient age, tumor
histological stage, lymph node metastasis, and expression
levels of ER, PR, HER-2, and Ki67. However, a significant
correlation was observed between tumor size and UTF1
expression level (P=0.004).
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Figure 1 Expression of UTF1 protein in breast cancer tissues. (A) Negative expression of UTF1 in breast cancer tissues (200x); (B) positive

expression of UTF1 in breast cancer tissues (200x). Immunohistochemical staining.

Table 1 Clinicopathologic features of 221 breast cancer patients

UTF1 expression

Variables Total patients (n=221) P value
Positive (n=70) Negative (n=151)
Age (years) 221 (100.0%) 52.8+112.1 53.7+10.0 0.577
Tumor grade 0.083
/1 108 (48.9%) 28 80
1] 113 (51.1%) 42 71
Tumor size (cm) 0.004
<2 117 (562.9%) 27 90
>2 104 (47.1%) 43 61
Lymph node metastasis 0.242
Negative 130 (58.8%) 37 93
Positive 91 (41.2%) 33 58
ER 0.442
Negative 73 (33.0%) 26 47
Positive 148 (67.0%) 44 104
PR 0.238
Negative 85 (38.5%) 31 54
Positive 136 (61.5%) 39 97
HER-2 0.740
Negative 165 (74.7%) 51 114
Positive 56 (25.3%) 19 37
Ki67 0.660
<30 92 (41.6%) 31 61
>30 129 (568.4%) 39 90

Data are presented as mean + SD or n (%). ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor
receptor-2.
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Table 2 Results of univariate and multivariate analyses for prognostic factors (n=211)

Multivariate analysis*

Variables Univariate analysis P value
HR (95% Cl) P value

Lymph node metastasis (positive vs. negative) <0.001 2.530 (1.484-4.311) 0.001
Tumor size (>2 vs. <2) <0.001 2.128 (1.208-3.748) 0.009
ER (positive vs. negative) <0.001 0.415 (0.252-0.686) 0.001
UTF1 (positive vs. negative) 0.001 1.820 (1.098-3.019) 0.020
PR (positive vs. negative) 0.434 - -
HER-2 (positive vs. negative) 0.830 - -
Ki67 (>30 vs. <30) 0.898 - -
Age (>40 vs. <40) 0.333 - -
Tumor grade (Il vs. I/11) 0.548 - -

*, Cox proportional hazards model. ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2;

HR, hazard ratio; Cl, confidence interval.
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Figure 2 Relationship between UTF1 protein expression and

postoperative survival rate of breast cancer patients (P<0.001).

Expression of UTF1 and survival prognosis in breast
cancer

Univariate analysis showed that tumor size, ER, PR, lymph
node metastasis, and UTF1 expression level were associated
with the prognosis of breast cancer (1able 2). Kaplan-Meier
analysis was used to obtain the overall survival (OS) time
of breast cancer patients from 10-year follow-up and to
explore the role of UTF1 in prognosis of breast cancer
patients. The results showed that the survival time of cases
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with positive expression of UTF1 was shorter relative to
that of cases with negative expression (Figure 2). Moreover,
multivariate Cox risk regression analysis was conducted to
evaluate the effect of UTF1 and other clinicopathological
parameters on prognosis of breast cancer patients. The
findings showed that UTF1 was an independent prognostic
factor for predicting the 10-year OS rate of breast cancer
patients, with a hazard ratio (HR) value of 1.820 [95%
confidence interval (CI): 1.098 to 3.019, P=0.020; Table 2].

UTF]1 promotes growth and proliferation of breast cancer
cells

The Beap37 cell line stably overexpressing UTF1 was
constructed in the present study to explore the biological
role of UTF1 in breast cancer. Western blot (WB) and
RT-qPCR analyses showed that UTF1 expression at
the protein and messenger RNA (mRNA) levels were
significantly higher in Bcap37 cells transfected with UTF1
compared with the expression level in the control group
(Figure 3A4). The experimental results indicated that the
plasmid transfection efficiency was good, therefore, it
was used for subsequent functional experiments. The
effect of overexpression of UTF1 on cell proliferation
was determined by MTT, and the absorbance was
measured at 24, 48, and 72 hours. The results showed
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156

Lou et al. Expression and clinical significance of UTF1

A B
L 1000 1 ‘-
5 800 4 * = Bcap37
s 600
% 400 4 DE 3 . ns = Bcap37-CV
g 2001 (o] ns == Bcap37-UTF1
UTF1 - < 1 2
5 2
. z o )
B-actin o —— T 4 § .
Bcap37 CV OE 2 o | S 9
5 ns
s 14
g 0- 0
Bcap37 Bcap37-CV Bcap37-UTF1 24 48 72
Hour
C . 100 -
8 .
Bcap37 Bcap37-CV Bcap37-UTF1 £ go-
>
(=
S 601
bS] ns
3 € 40-
‘ 8
g 20-
(@]
0 m

Bcap37 Bcap37-CV Bcap37-UTF1

Figure 3 UTF1 promotes the growth of breast cancer cells. (A) Western blot and qPCR assay results showing stable overexpression of
UTF1 with plasmid in Beap37 cell line (P<0.01); (B) overexpression of UTF1 in Beap37 cell line promotes cell growth (P<0.05); (C) colony
formation assay (crystal violet staining, 100x). *P<0.05 vs. Bcap37 group; ***P<0.001 vs. Beap37 group. qPCR, quantitative polymerase chain

reaction; OE, overexpression group; CV, vehicle group; ns, no significance; OD, optical density.

that overexpression of UTF]I significantly promoted
proliferation rate of Bcap37 cells compared with the control
group (Figure 3B). Subsequently, cells from the experimental
group and control group were plated on 6-well plate at the
same density and at the same time. Cells were stained with
crystal violet after observation of visible cell colonies. The
staining results showed that the average colony number of
Bcap37 cells transfected with UTF1 was significantly higher
relative to the colony number of control cells (Figure 3C).
The significant difference in colony number between the
two groups indicated that UTF1 overexpression promoted
cell colony formation and proliferation.

UTFI1 promotes migration and invasion of breast cancer
cells in vitro

The results reported in the previous sections indicate
that UTF1 promotes the growth of breast cancer cells.
Therefore, further analyses were performed to explore other
biological role of UTF1 in breast cancer cells. A scratch test
was conducted to evaluate the effect of UTF1 on Bcap37
cell migration. The percentage of wound healing in the

Bcap37-UTF1 group was significantly higher compared

© Translational Cancer Research. All rights reserved.

with that of the control group (Figure 44). Subsequently,
the role of UTF1 in breast cancer invasion was explored
through transwell migration assay. The number of cells that
migrated to the matrix glue in the Bcap37-UTF1 group was
significantly higher compared with that in the control group
(P<0.01; Figure 4B). These findings indicate that UTF1
promotes migration and invasion of breast cancer cells
in vitro.

Downregulation of UTF1 inbibits growth and invasion of
breast cancer cells

Considering the low expression of UTF1 in BCAP-37
cell line, we envisioned to construct a UTF1 knockdown
model based on BCAP37-UTF1 cell line to further verify
the role of UTF1 in breast cancer. Firstly, we verified the
feasibility of knocking down UTF1 in BCAP37-UTF1
cell line. WB and RT-qPCR results showed that UTF1
protein and mRNA levels were significantly decreased in
Si-UTF1 (BCAP37-UTF1 cell line transfected with UTF1
siRNA) compared with BCAP37-UTF1, indicating that
UTF1 siRNA can effectively silence the UTFI gene in the
BCAP37-UTF]1 stable transgenic cell line (Figure 5A4,5B).
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Therefore, Si-UTF1 was retained for subsequent trials.

The MTT assay showed that the Si-UTF1 group had
a relatively lower rate of proliferation compared with the
Bcap37-UTF1 group (Figure 5C). In addition, the colony
formation assay showed that the number of colonies formed
in the Si-UTF1 group was significantly lower compared
with that in the Bcap37-UTF1 group (Figure 5D). This
indicates that downregulation of UTF1 inhibited the
proliferation ability of breast cancer cells. A wound healing
assay and migration assay were performed to further explore
the effect of downregulation of the UTFI gene on migration
and invasion of breast cancer cells. The percentage of
wound healing in the Si-UTF1 group was significantly
lower relative to that in the Bcap37-UTFI1 group
(Figure SE). The number of cells that migrated to the
matrix in the Si-UTF1 group was significantly lower
compared with the number of migrated cells in the Beap37-
UTF1 group (Figure 5F). These results indicate that
downregulation of UTF1 inhibits invasion and migration of
breast cancer cells in vitro.
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) envichment analysis of differential
genes

The Beap37-UTF1 sequence obtained through sequencing
experiments was compared with the reference genome.
Differences between the two groups were explored using
the edgeR software package. The absolute value of fold
change (FC) >2 and P<0.05 were used as the threshold for
the differential genes between the two groups. The top 10
genes with the most significant differences were identified
(Tuble 3). The profile of differentially expressed genes
(DEGs) is shown in Figure 6A4. The biological roles of
DEGs were explored using the GO database (http://www.
geneontology.org/) to identify enriched GO terms. GO
function analyses showed that the DEGs were implicated
in cell apoptotic and transcription cofactor binding
(Figure 6B). KEGG is a database for analysis of signaling
pathways related to different genes (https://www.kegg.jp/).
KEGG signaling pathway analysis showed that the DEGs
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Figure 5 Down-regulation of UTF1 inhibits the growth and invasion of breast cancer cells. Western blot (A) and qPCR (B) results
confirming the success of UTF1 siRNA transfection in Beap37-UTF1 stable transgenic cell line (P<0.01); (C) MTT; (D) colony formation
assay (crystal violet staining, 100x); (E) wound healing assay (100x) (closed wound area); (F) migration assay (crystal violet staining, 100x).

*P<0.05 vs. Bcap37 group; ***P<0.001 vs. Beap37 group. qPCR, quantitative polymerase chain reaction; siRINA, small interfering RINA;

MTT, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; Si, Si-UTF1; OE, overexpression group; OD, optical density.

Table 3 Top 10 most significant differential genes between Bcap37-UTF1 and Beap37-CV genome sequencing

Gene ID Gene name Bcap37_UTF1_count Bcap37_CV_count log,FC P value Up/down
ENSG00000198888 MT-ND1 1 75950 -16.14 0.0000 Down
ENSG00000198763 MT-ND2 54079 153 8.54 0.0000 upP
ENSG00000211459 MT-RNR1 148 11492 -6.21 0.0000 Down
ENSG00000255508 RP11-86414.1 3169 133 4.65 0.0000 upP
ENSG00000111432 FZD10 1884 81 4.61 0.0000 uP
ENSG00000100092 SH3BP1 41 1041 -4.59 0.0000 Down
ENSG00000213443 RP11-75L1.2 555 18 5.02 0.0000 up
ENSG00000241360 PDXP 847 69 3.69 0.0000 upP
ENSG00000263020  XXbac-BPG32J3.22 1067 17 3.26 0.0000 uP
ENSG00000213240 RP11-458D21.5 187 1 7.62 0.0000 upP

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2023;12(1):150-162 | https://dx.doi.org/10.21037/tcr-22-2890



Translational Cancer Research, Vol 12, No 1 January 2023

A Bcap37_UTF1 vs. Bcap37_DZ
20
.,
@ 15 55
= . 5
© %
> g
d A
k=i 5
° ‘.« Down regulation
o 10 - Not significant
S . * Up regulation

51 1
q=0.05! {
-10 -5 FC=-2 FC=2 5 10
Log, (fold-change)
C Top 30 of pathway
VEGF signaling pathway -e
Transcriptional misregulation in cancer -g
TNF signaling pathway - @
Steroid biosynthesis - -
Protein digestion and absorption - @
Primary immunodeficiency -
PPAR signaling pathway -e
one carbon pool by folate - -
NOD-like receptor signaling pathway - o P value
Nitrogen metabolism -« 7 0.125
NF-kappa B signaling pathway -e . 0.100
Mineral absorption - e | 0.075
Malaria - o 0.050
Legionellosis - o 0.025
Inflammatory bowel disease (IBD) »
Hematopoietic cell lineage - @
Hedgehog signaling pathway - e Gene number
Glycosaminoglycan biosynthesis-chondroitin sulfate/dermatan sulfate - . ®5
Folate biosynthesis - - e 10
Fanconi anemia pathway - e ® 15
ECM-receptor interaction -e @ 20
Dorso-ventral axis formation - » ® 25
Cytokine-cytokine receptor interaction @
Circadian rhythm - (]

Bladder cancer- e
Basal cell carcinoma - o

Arginine biosynthesis - .
Amoebiasis - ®
AGE-RAGE signaling pathway in diabetic complications - @
ABC transporters - »

2025303540
Rich factor

159

Top 30 of enrichment

Vascular smooth muscle contraction -
Transcription cofactor binding - 4
. _ Syntaxin-1 bindinﬁ .
Regulation of hydrogen peroxide-induced cell death -
i i Pros a?landln transport -
Positive regulation of vascular endothelial growth factor -
Positive regulation of T cell differentiation in thymus -
Positive regulation of synaptic transmission, %Iutama ergic -
Positive regulation of nitric-oxide synthase activity -
Positive regulation of NF-kappa8 import into nucleus -
Positive regulation of excitatory postsynaptic potential -
Positive regulation of epithelial to mesenchymal transition -
Positive regulation of epithelial cell apoptotic process - °

.

Go domain
« Biological process
* Molecular function

Gene number
-4

Positive regulation of endothelial cell apoptotic process - . e6
Negative re’\?ula ion of hydrogen peroxide-induced cell death - . ®38
egative regulation of endothelial cell proliferation - e ® 10
ngiogenesis - .
Lymph vessel morphogenesis - . P value
Lzmph vessel development - - = 0.008
Interleukin-6 biosynthetic process - - d 0.006
Interleukin-1receptor activity - - M-
Hyaluronan biosynthetic process - . 0.004
Heat generation - « 0.002

Fever generation -

Chondrocyte proliferation -

GMP-mediated signaling -

Cellular response to fluid shear stress - .
Cellular response to corticosteroid stimulus -@
C3HC4-type RING finger domain binding -
bHLH transcription factor binding A 1 1 1
4 6 8 10 12
Rich factor

Figure 6 GO and KEGG Enrichment Analysis of Differential Genes. (A) Volcano map of the differential genes; (B) GO enrichment
analysis; (C) pathway enrichment analysis. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

were associated with cytokine-cytokine receptor interaction
and nuclear factor (NF)-kappa B signaling pathway

(Figure 6C).

Discussion

At present, there are still certain limitations for traditional
breast cancer biomarkers. One such an example is Ki-
67, although it has shown certain clinical prognostic
value, its poor inter-laboratory reproducibility and the
difference in threshold between low proliferation index
and high proliferation index make its clinical application
still controversial (12). For ER, the unavoidable problem is
the close crosstalk between ER and HER family signaling
pathways, which is not only the basic factor of resistance
to endocrine therapy targeting the ER pathway, but also
one of the reasons for the bias of ER in clinical prognosis
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evaluation (13). In addition, a recent study reported that the
prognostic value can be improved by combining ER, PR,
Ki-67, and HER?2 (14), but a subsequent study found that
this prognostic evaluation tool still cannot cover various
subtypes well (15). Therefore, new proteomic markers are
urgently needed to further improve this dilemma.

In this study, we found that the poor prognosis of breast
cancer and the malignant biological characteristics of breast
cancer cells were correlated with the high expression of
UTF1, which plays a role as an oncogenic factor in breast
cancer. However, this is in contrast to the results reported
previously, which suggested that UTF1 expression is down-
regulated in breast cancer and that UTF1 functions as a
protective factor in breast tissue (16). It is worth noting that
this paradox is also present in cervical cancer (11,17). As for
this phenomenon, as with most transcription factors, it may
be related to the dual role of UTF1 in carcinogenesis. We
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believe that the possible explanation is that in addition to
the extensive tissue specificity, UTF1 has certain subtype
specificity in both breast and cervical cancer. Further
subtype analysis is needed to confirm this. In addition, there
are several other viewpoints, as follows. Ethnic variation is
at the forefront of the problem, as different studies enrolled
patients of different ethnic groups, which may affect the
results. Second, different/unclear cut-off values have been
used in UTF1 expression analyses. For example, in one
study, the median was used as the basis for determining
the cut-off point (18), whereas in other similar studies, the
mean value or even positive or negative expression of genes
was used for this purpose. Third, sample size is a key factor
affecting the association between UTF1 expression and the
pathological features and prognosis of BC.

A previous study showed that sample size affects the
results of microarray analysis, and small sample size can
lead to unstable gene lists and poor prediction accuracy (19).
Future studies using larger cohorts of patients are needed to
validate our findings.

In addition, by sequencing analysis, we also found that
UTF1 was not only closely related to apoptosis genes, but
also closely related to the NF-kappa B pathway. The close
link between the NF-kappa B pathway and apoptosis has
long been demonstrated in multiple experiments (20-22).
Uncontrolled regulation of the NF-kappa B pathway can
lead to uncontrolled cell growth. Therefore, we suggest
that UTF1 may promote breast cancer progression by
regulating NF-kappa B signaling to affect cell apoptosis.
However, further experiments are needed to verify this.

In summary, this study systematically verified the close
relationship between UTF1 and breast malignant behavior
from multiple perspectives, and verified the association
between UTF1 and clinical prognosis. It is a potential
biomarker of breast cancer, which not only enriches the
subtype grouping of breast cancer, but also improves the
prognostic algorithm, so as to assist clinical treatment more
effectively. However, this study also had some limitations.
First, as a retrospective study, this study was susceptible to
selection bias. Secondly, the small sample size of this study
and the small number of terminal events in the survival
analysis limit the reliability of the results. Third, there is
heterogeneity in adjuvant chemotherapy regimens, which
affects the study results. Finally, due to the low expression
level of UTF1 and the lack of standard staining protocols
and analytical methods, the reliability and accuracy of its
IHC staining need to be verified. Therefore, large samples,
standardized clinical data, and more in-depth mechanism

© Translational Cancer Research. All rights reserved.

Lou et al. Expression and clinical significance of UTF1

exploration will be the directions of our next efforts.

Conclusions

Our study shows that UTF1 is closely related to the
malignancy and prognosis of breast cancer, suggesting the
potential of UTF1 as a breast cancer biomarker, and that
the NF-kappa B pathway as a potential UTF1 signaling
pathway, will be the focus of future research.
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