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Background: The proteomic differences between mass-like (ML) breast lesions and non-mass-like (NML)
breast lesions were compared to explore the formation mechanism of NML ultrasonic morphological
characteristics.

Methods: From January to August 2021, tissue samples were collected from 10 patients with malignant ML
(MML), 10 patients with malignant NML (MNML), 10 patients with benign ML (BML), and seven patients
with benign NML (BNML). The proteomic differences between the BML and BNML groups and the MML
and MNML groups were compared by data-independent acquisition (DIA) quantitative mass spectrometry.
The differentially expressed proteins were analyzed by Gene Ontology (GO), Kyoto Encyclopedia of Genes
and Genomes (KEGG), and protein-protein interaction (PPI) networks analyses.

Results: We identified a total of 623 significantly differentially expressed proteins in the MML/MNML
group, and 167 significantly differentially expressed proteins in the BML/BNML group, with relative ratios
>1.2 or <-0.83. The up-regulated differential proteins were more abundant in the tumor necrosis factor (TNF)
signaling pathway in both the MML/MNML and BML/BNML groups, suggesting that the TNF signaling
pathway may be related to the ultrasonic morphological characteristics of breast lesions. Dual specificity
mitogen-activated protein kinase 3 (MP2K3), a protein factor in the TNF signaling pathway, exhibited
significant upregulation in both the malignant and BML groups.

Conclusions: The TNF signaling pathway may be associated with the ultrasonic morphological
characteristics of breast lesions. MP2K3 is the up-regulated differential expression protein in the MML/
MNML and BML/BNML groups, which may be related to the ultrasonic morphological characteristics of
breast lesions.
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Introduction metastatic disease, with a poor prognosis (2). At present,
Breast cancer is the most common malignant tumor and histopathological factors including tumor size, grade, lymph
the second most common cause of cancer-related death in node status, hormone, and human epidermal growth factor
women (1). Although the overall 5-year survival rate has receptor-2 (HER2) receptor status can be used to guide
improved, at least 20 % of patients continue to develop breast cancer treatment and predict prognosis (3). However,

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2023;11(2):85 | https://dx.doi.org/10.21037/atm-22-6655


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-6655

Page 2 of 12

the prognosis of many patients with histologically similar
tumors may be very different, so additional biomarkers for
prediction, diagnosis, and prognosis are still needed.

Since the results of conventional ultrasound (US) are not
affected by breast density, US has become a routine imaging
tool for breast detection and diagnosis (4). According to the
Breast Imaging Reporting and Data System (BI-RADS)-
US released by the American College of Radiology, mass-
like (ML) lesions are those that exhibit a mass effect on
two different planes (5). However, 5-9 % of breast lesions
present as localized asymmetric focal low echo areas on
two vertical planes with no apparent margin or shape, and
therefore do not meet the strict “mass” criteria defined
by BI-RADS (6). Radiologists refer to these as non-
mass-like (NML) lesions, which correspond to non-mass
enhancement on breast magnetic resonance imaging (7).

The histological presentation of NML breast cancer
tends to be ductal component-dominant ductal carcinoma
in situ (DCIS) and invasive ductal carcinoma (8,9). Previous
studies have shown that the ultrasonographic appearance
of breast cancer as mass or non-mass may be related to the
adequacy of nutrition (10,11). Franks et /. (11) used the
nutritional restriction model to describe tumor growth,
obtained nutrients by diffusion from the surroundings, and
determined the birth and death of breast cancer cells by the
concentration of nutrients. Their results showed that breast
cancer with sufficient nutrition was more invasive and
prone to ML growth. When nutrition is insufficient, breast
cancer tends to grow along the ducts, presenting as NML.

Highlight box

Key findings

e MP2K3 is the up-regulated differential expression protein in the
MML/MNML and BML/BNML groups, which may be related to
the ultrasonic morphological characteristics of breast lesions.

What is known and what is new?

e Current studies have shown that proteomics is significantly
different in different types of breast cancer and between breast
cancer and adjacent normal tissues.

® In this study, the proteomics of mass-like and non-mass-like
breast lesions was significantly different. The tumor necrosis
factor signaling pathway may be associated with the ultrasonic
morphological characteristics of breast lesions.

What is the implication, and what should change now?

* Further exploration of the specific mechanism of the tumor
necrosis factor signaling pathway in the formation of malignant
ML and NML ultrasonic morphology is needed.
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Ko et al. (12) explored the morphological characteristics
of triple-negative breast cancer [estrogen receptor (ER)/
progesterone receptor (PR)/human epidermal growth factor
receptor 2 (HER2) negative] and found that 86% of triple-
negative breast cancer exists in the form of mass, and is less
manifested as non-mass lesions. Jiang et /. (13) showed that
there was only a significant difference in histological grades
between mass type and malignant NML (MNML), while
those of ER, PR, HER2, P53, and Ki-67 did not exhibit
significant differences. Therefore, further study is still
needed on the formation mechanism of the morphological
features of ML and NML US images.

Data-independent acquisition (DIA) is a major advance
in protein quantification, enabling high-throughput
quantitative proteomics (14). With the help of spectral
libraries from previous DIA experiments or auxiliary data-
dependent acquisition (DDA) data, DIA analysis can obtain
the same repeatability and accuracy as parallel reaction
monitoring (PRM) identification and quantification, except
for low-abundance peptides that are blocked by strong
signals (15). Non-targeted DIA has shown great potential in
comprehensively revealing and validating the predictive and
prognostic candidate biomarkers for various diseases, such
as cancer, liver failure, and breast cancer (16). Numerous
studies have shown that the screening of breast cancer
proteomics information plays an important role in the
classification of functional subtypes and staging of breast
cancer, revealing the mechanism of breast cancer, and
exploring the metastatic and invasive properties of breast
cancer (17,18). In addition, some studies have shown that
proteomics can also be applied for the prediction of breast
cancer recurrence, the assessment and reduction of cancer
cell resistance, and the selection and monitoring of the most
appropriate breast cancer treatment programs as well as
other prognostic and therapeutic studies (19,20).

At present, further study on the formation mechanism
of the morphological characteristics of ML and NML US
images, especially malignant ML (MML) and NML, is still
needed. In this study, the DIA method was employed to
detect the differences between ML and NML proteomics,
aiming to explore the formation mechanism of the
morphological characteristics of ML and NML US images.
Our findings provide a basis for the pathological study of
the morphological characteristics of ML and NML in US
images of breast lesions. We present the following article in
accordance with the MDAR reporting checklist (available at
https://atm.amegroups.com/article/view/10.21037/atm-22-
6655/rc).
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Methods
Patients

The experimental samples were derived from 42 cases of
ML and NML breast lesions treated by vacuum-assisted
breast biopsy or tumor resection in the US diagnosis and
general surgery departments of our hospital from January
to August 2021, including 10 cases of MML, 10 cases of
benign ML (BML), 10 cases of MNML, and seven cases of
benign NML (tissue size: 300-500 mg per case).

The patients included in the study were 18-70-year-old
women whose conventional breast US examinations showed
ML and NML. Also, the pathological results of the patients
were clear, and all patients signed the informed consent.
This study was approved by the ethics committee of the
First Medical Center of PLA General Hospital (No. S2021-
683-01). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Sample collection

During vacuum-assisted breast biopsy and treatment, benign
NML or ML lesion tissues were taken directly. After breast
cancer was confirmed by frozen section pathology, MNML
or ML tumor tissues and adjacent tissues were collected
directly during tumor resection in breast surgery, and the
proportion of non-necrotic tumor tissues was >70%. The
tissue size was 300-500 mg. The specimens were placed in
a labeled frozen tube and quickly frozen in liquid nitrogen.
The specimens were then stored in a refrigerator at -80 °C
within 20 minutes.

Protein extraction and enzymolysis

The samples were chopped with liquid nitrogen, lysed in
lysis buffer containing 50 mM ammonium bicarbonate
(NH4HCO3) pH 7.4, 10 mM magnesium chloride (MgCl,),
7 M urea, and 2 M thiourea, and then sonicated on ice
for 5 min. The lysate was then centrifuged at 12,000 g
at 4 °C for 15 min, and the supernatant was transferred to
a clean tube. The protein concentration was determined
using a Bradford protein assay. Each sample was reduced
with 10 mM dithiothreitol (DTT) at 56 °C for 1 h and
then alkylated with enough iodoacetamide in the dark at
room temperature for 1 h. The protein was digested with
trypsin (Promega, Beijing) at a substrate ratio of 1:50.
After digestion at 37 °C for 16 h, some peptides in the
sample were uniformly mixed. The digestion solution was

© Annals of Translational Medicine. All rights reserved.

Page 3 of 12

lyophilized and the peptide was redissolved with 25 mM
NH4HCO3 30 pL per tube.

High-performance liquid chromatographic separation

A C18 column (Waters BEH, China, C18 4.6x250 mm,
5 pm) and Rigol (China) L3000 HPLC column were used.
The column temperature was 50 °C, and the mobile phases
A (2% acetonitrile, adjusted pH to 10.0 with ammonium
hydroxide) and B (98% acetonitrile, adjusted pH to 10.0 with
ammonium hydroxide) were applied. Ammonium hydroxide
regulated pH to 10.0 gradient elution. The solvent gradient
was as follows: 3% B, 5 min; 3-8% B, 0.1 min; 8-18% B,
11.9 min; 18-32% B, 11 min; 32-45% B, 7 min; 45-80% B,
3 min; 80% B, 5 min; and 80-5%, 0.1 min, 5% B, 6.9 min.
The eluent was monitored at UV214 nm and collected at a
rate of one tube per minute. Finally, six components were
synthesized and all components were dried under vacuum
and reconstituted in 0.1% (v/v) formic acid (FA) water.
0.2 pL of standard peptide was added to the distilled sample
for subsequent analysis.

Liquid chromatography-mass spectrometry/mass
spectrometry (LC-MS/MS) analysis—DDA mode

Proteomics analysis was performed using a U3000 UHPLC
system (Thermo Fisher, Beijing) and an Orbitrap fusion
mass spectrometer (Thermo Fisher, Beijing) in DDA mode.
A total of 1 pg of total peptide was extracted from the sample
extracted with 0.1 % formic acid (FA) and injected into a
self-made C18 Nano-Trap column (2 cm x 100 pm, 3 pm).
The analytical column (25 cm x 75 pm, 100 A) was used
to separate the peptides. The eluent B (0.08 % FA in 80%
acetonitrile (ACN), 20 % water) and eluent A (0.1% FA)
were linearly graded in the range of 0-100 % for 120 min
at a flow rate of 350 nL/min. The detailed solvent gradient
was as follows: 0-4% B, 8 min; 4-10% B, 11 min; 10-25% B,
88 min; 25-50% B, 98 min; 50-99% B, 102 min; 99-0% B.

LC-MS/MS analysis—DIA mode

A 100 mg sample was reconstructed in 0.1% FA, mixed with
0.2 pL standard peptide [indexed retention time, (IRT) kit,
Biognosys, Beijing], and entered into a U3000U HPLC
system (Thermo Fisher) for DIA using an Orbitrap fusion
mass spectrometer (Thermo Fisher). The liquid phase
conditions were the same as those used for DDA. For DIA
acquisition, the an intact (msl) resolution was set to 120,000
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Table 1 Sample protein concentration

Sample Concentration Volume Overall amount Sample
name (Mg/uL) (L) (H9) level
Al 1.62 700 1,134.89 Al
A2 4.43 700 3,099.89 Al
A3 8.92 700 6,240.85 Al
Ad 2.10 500 1,049.58 Al
A5 1.16 500 579.76 Al
AB 3.14 700 2,197.65 Al
A7 6.38 700 4,467.97 Al
A8 3.49 700 2,444.32 Al
A9 1.19 700 829.52 Al
A10 3.72 700 2,603.40 Al
B1 1.89 700 1,321.37 Al
B2 4.52 700 3,167.44 Al
B3 3.45 700 2,417.43 Al
B4 4.60 700 3,223.26 Al
B5 2.55 700 1,786.52 Al
B6 1.06 700 742.52 A1l
B7 1.1 700 776.64 Al
B8 1.90 700 1,333.06 Al
B9 0.93 700 648.11 Al
B10 1.90 700 1,333.06 Al
C1 1.43 700 1,000.26 Al
c2 2.81 700 1,969.56 Al
C3 1.40 700 980.39 Al
C4 2.53 700 1,768.28 Al
C5 3.48 700 2,438.93 Al
C6 1.83 700 1,282.83 Al
c7 1.58 700 1,106.50 Al
C8 7.90 700 5,528.30 Al
C9 2.72 500 1,359.11 Al
c10 1.72 500 859.94 Al
D1 1.84 700 1,290.49 Al
D2 1.24 700 868.96 Al
D3 1.02 700 714.76 Al
D4 2.46 700 1,718.64 Al
D5 2.08 700 1,457.08 Al
D6 1.1 700 779.53 Al
D7 2.54 700 1,777.39 Al
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and the fragmented (ms2) resolution was set to 30,000. The
M/z range was 350-1,350 m/z with a variable of 60 cycles.
The full scan automatic gain control (AGC) target was set
at 4x10°, and the injection time was 50 ms. DIA was set to
35% normalized collision energy (NCE) with a target value
of 1x10° and a maximum injection time AUTO to enable
the mass spectrometer to always operate in parallel ion
filling and detection mode.

LC-MS/MS DIA data analysis

For different comparison groups, the fold change (FC)
and P value of each comparison method were analyzed
and calculated, and the differential proteins were screened
according to the following screening rules: FC >1.2 or FC
<1/1.2, P<0.05. The differences were listed in tables, and a
volcano map was created using the Msstats R package.

Using the Homo sapiens database, Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG),
and protein-protein interaction (PPI) networks analyses
were performed to summarize and explain the functional
localization and metabolic pathways of differentially
expressed proteins in MML and MNML and BML and
benign NML (BNML).

Results
Analysis of the protein concentration of all samples

Before DIA proteomics quantitative detection of NML
and ML, we measured the sample tissue and extracted the
protein concentration. The results are shown in Table 1.
The tissue proteins of each sample reached the Al standard,
that is, the gel map was clear, the bands were rich, and
there was no high abundance. Furthermore, 10 pg of each
sample was taken for sodium dodecyl sulfate polyacrylamide
gel electroph (SDS-PAGE). The electrophoretic band is
good and meets the requirements of the experiment, so the
follow-up analysis can be continued.

Functional categorization/classification and pathway
analysis of differentially expressed proteins

The study subjects were divided into two comparison
groups: MML/MNML and BML/BNML. MML/MNML
compared the protein expression profiles of 10 pairs of
MML and MNML, and the BML/BNML group compared
the protein expression profiles of 10 benign mass breast
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lesions and seven benign non-mass breast lesions.

The DIA technique was used to quantify the proteins
in the two comparison groups (FC >1.2 or FC <1/1.2,
and P<0.05). In the MML/MNML group, there were
623 differentially expressed proteins, including 463 up-
regulated proteins and 160 down-regulated proteins,
such as Transforming growth factor beta 1 (TGF-1),
thrombospondin-1 (TSP1), Integrin Subunit Beta
S5ITGB5S), insulin-like growth factors (IGF1), dual
specificity mitogen-activated protein kinase kinase 3
(MP2K3), and other proteins, which may be related to the
formation of MML. In the BML/BNML group, there were
167 differentially expressed proteins, of which 78 were up-
regulated and 89 were down-regulated (7able 2). Figure 1
shows a volcano plot of these proteins. The protein with
statistically significant difference (FC >1.2 or FC <1/1.2,
and P<0.05) was located in the upper right and upper left
quadrants. The top 10 up-regulated and down-regulated
proteins in the MML/MNML and BML/BNML groups

Table 2 Differential protein statistics

Comparisons Up- Down- All-
MML/MNML 463 160 623
BML/BNML 78 89 167

MML, malignant mass-like; MNML, malignant non-mass-like;
BML, benign mass-like; BNML, benign non-mass-like.

A Volcano plot
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are shown in Tubles 3-6.

To further explore the molecular biological functions
of the differentially expressed proteins, we performed GO
analysis on the differentially expressed proteins in each
group. Taking P=0.05 as the critical value, Fisher’s exact
test was used to evaluate the significance level of protein
enrichment in the GO entries. The top 10 proteins in terms
of biological process (BC), cellular component (CC), and
molecular function (MF) of MML/MNML (Figure 2A)
and BML/BNML (Figure 2B) groups were listed. In the
MML/MNML group, differential proteins were primarily
expressed in the proteasome, cytoplasm, and cell membrane,
mainly playing a role in vesicle-mediated transport,
the immune system process, and the protein transport
cell cycle, and participating in tumor immunity and
transcription. In the BML/BNML group, the differential
proteins were primarily expressed in ribosomes, lysosomes,
and mitochondria, mainly playing a role in the combination
of compounds, proteins, and DNA, and participating in
carbohydrate metabolism.

In the MML/MNML group, 38 of the 271 pathways
that up-regulated differential protein enrichment were
statistically significant (P<0.05). Among the 123 pathways
that down-regulated differential protein enrichment, 10
were statistically significant (P<0.05). The results of the
BML/BNML group showed that 12 out of 138 pathways
up-regulated differential protein enrichment were

statistically significant (P<0.05). Among the 216 pathways

B Volcano plot
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Figure 1 Quantitative volcano plot of differentially expressed proteins in each group. (A) The quantitative volcano plot of differentially

expressed proteins in the MML/MNML group; (B) the quantitative volcano plot of differentially expressed proteins in the BML/BNML group.
FC, fold change; MML, malignant mass-like; MINML, malignant non-mass-like; BMIL, benign mass-like; BNML, benign non-mass-like.
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Table 3 Some up-regulated proteins in MML/MNML

Li et al. Proteomic comparison of breast ML and NML lesions

ID Gene name Description FC P value

EXOS8 EXOSC8 Exosome complex component RRP43 5.239119 0.038737
RAD1 RAD1 Cell cycle checkpoint protein RAD1 4.560509 0.002449
BAK BAK1 Bcl-2 homologous antagonist/killer 4.309771 0.042191
RENR ATP6AP2 Renin receptor 4.265214 0.021494
MDN?1 MDN1 Midasin 4.166939 0.001236
PAF1 PAF1 RNA polymerase ll-associated factor 1 homolog 4.161053 0.047368
CD53 CD53 Leukocyte surface antigen CD53 4.079058 0.012453
RM47 MRPL47 39S ribosomal protein L47, mitochondrial 3.894424 0.006753
PUS7 PUS7 Pseudouridylate synthase 7 homolog 3.872687 0.027459
HLAH HLA-H Putative HLA class | histocompatibility antigen, alpha chain H 3.847482 0.024387

MML, malignant mass-like; MNML, malignant non-mass-like; FC, fold change; HLA, human leukocyte antigen.

Table 4 Some down-regulated proteins in MML/MNML

ID Gene name Description FC P value

ATD3B ATAD3B ATPase family AAA domain-containing protein 3B 0.210834 0.022599
KREM KREMEN2 Kremen protein 2 0.220546 0.009884
APOF APOF Apolipoprotein F 0.234497 0.025941
TSH3 TSHZ3 Teashirt homolog 3 0.285312 0.044328
ABCC8 ABCCS8 ATP-binding cassette sub-family C member 8 0.287352 0.032497
HPT HP Haptoglobin 0.28974 0.019481
TTHY TTR Transthyretin 0.293492 0.004586
CBPB1 CPB1 Carboxypeptidase B 0.293832 0.006205
BBS7 BBS7 Bardet-Biedl syndrome 7 protein 0.302366 0.047709
UT14C UTP14C U3 small nucleolar RNA-associated protein 14 homolog C 0.304547 0.032968

MML, malignant mass-like; MNML, malignant non-mass-like; FC, fold change; AAA, ATPase associated with various cellular activities.

that down-regulated differential protein enrichment, 15
were statistically significant (P<0.05). The top 10 up-and
down-regulated protein enrichment results in the MML/
MNML (Figure 34,3B) and BML/BNML (Figure 3C,3D)
groups are shown. The up-regulated differential proteins
were significantly enriched in the tumor necrosis factor
(TNF) signaling pathway in both the MML/MNML and
BML/BNML groups, suggesting that the TNF signaling
pathway may have a certain correlation with the ultrasonic
morphological characteristics of breast lesions.

The results also showed that the expressions of KS6AS5,
NFKB1, CASP3, MK09, MP2K4, MP2K3, MP2KS,

© Annals of Translational Medicine. All rights reserved.

FADD, CASP8, MLKL, and PGAMS were up-regulated
in the MML/MNML group. In the BML/BNML group,
the expressions of MMP9, TNR6, and MP2K3 were up-
regulated. The expression of MP2K3 was up-regulated
in both MML/MNML and BML/BNML groups. The
String database was used to analyze the differential proteins
in the MML/MNML and BML/BNML groups, and a
PPI network was constructed to explore the interaction
between differential proteins. According to the degree of
connectivity, the key proteins of the top 10 differentially
expressed proteins in the MML/MNML and BML/BNML

groups were screened out. The specific connection results
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Table 5 Some up-regulated proteins in BML/BNML
ID Gene name Description FC P value
BAHC1 BAHCC1 BAH and coiled-coil domain-containing protein 1 55.62595 0.042654
PLF4 PF4 Platelet factor 4 8.1197 0.044365
NGRN NGRN Neugrin 6.70711 0.044657
ITA2B ITGA2B Integrin alpha-Ilb 5.987456 0.028433
CXCL7 PPBP Platelet basic protein 5.318866 0.039697
HBD HBD Hemoglobin subunit delta 4.802102 0.045545
ITB3 ITGB3 Integrin beta-3 4.74663 0.014112
HBB HBB Hemoglobin subunit beta 4.624392 0.039199
ANCHR ZFYVE19 Abscission/NoCut checkpoint regulator 4.494138 0.035925
HBAT HBQ1 Hemoglobin subunit theta-1 4128817 0.031052
BML, benign mass-like; BNML, benign non-mass-like; FC, fold change.
Table 6 Some down-regulated proteins in BMIL/BNML
ID Gene name Description FC P value
PTH PTRH1 Probable peptidyl-tRNA hydrolase 0.121963 0.031824
HMCS2 HMGCS2 Hydroxymethylglutaryl-CoA synthase, mitochondrial 0.127029 0.046378
MUCL1 MUCL1 Mucin-like protein 1 0.128836 0.048632
PNMT PNMT Phenylethanolamine N-methyltransferase 0.199291 0.041889
SULF2 SULF2 Extracellular sulfatase Sulf-2 0.230463 0.03582
PRC2C PRRC2C Protein PRRC2C 0.235124 0.027068
YTDCH1 YTHDC1 YTH domain-containing protein 1 0.244612 0.031507
GPKOW GPKOW G-patch domain and KOW motifs-containing protein 0.249811 0.040969
RPC4 POLR3D DNA-directed RNA polymerase Ill subunit RPC4 0.255658 0.024292
PLCC AGPAT3 1-acyl-sn-glycerol-3-phosphate acyltransferase gamma 0.258439 0.008054

BML, benign mass-like; BNML, benign non-mass-like; FC, fold change.

of the top 10 differentially expressed key proteins in the
MML/MNML and BML/BNML groups were shown in

Figure 44 and Figure 4B.

Discussion

ML and NML are US morphological types of breast
diseases. Previous studies have shown that the formation
of ML and NML may be related to nutritional status,
invasiveness, and other factors (10,11). However, many
molecular participants and mechanisms behind the
morphological formation of US images are still unclear.

© Annals of Translational Medicine. All rights reserved.

The progress of biomedical research is expected to uncover
new molecular discoveries of ML and NML breast lesions.

Clinical proteomics is currently undergoing rapid advances

in technologies that are expected to provide new means of

improving the early diagnosis, stratification, and treatment

response to breast lesions. In this study, DIA-based

quantitative proteomics was applied to study the histological
reasons for the morphological differences between NML
and ML, so as to explore the formation mechanism of
ML or NML that may affect the ultrasonic morphology
of breast lesions. Numerous significantly differentially
expressed proteins were identified between the MML/
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Figure 2 The GO analyses results of the MML/MNML group (A) and the BML/BNML group (B). GO, Gene Ontology; MML, malignant
mass-like; MNML, malignant non-mass-like; BML, benign mass-like; BNML, benign non-mass-like.

MNML and BML/BNML groups.

DIA proteomics was performed in 20 cases of ML and
NML breast cancers and 17 cases of ML and NML benign
lesions. The results showed that 623 and 167 proteins were
significantly different in MML/MNML and BML/BNML
groups, respectively (P<0.05). Previous studies have shown
that there are significant differences in the biomarkers
between MML and MNML (10,11). To further explore the
functions of the differental proteins, GO, KEGG, and PPI
analyses were performed on the MML/MNML and BML/
BNML groups, respectively.

The TNF signaling pathway is involved in the immune
response of several protein families and plays a key role in
innate and acquired immunity (20,21). TNF-a has been
found to induce epithelial-mesenchymal transformation
(EMT) in multiple breast cancer cell lines, transforming
cells into mesenchymal cell phenotypes and increasing
the number of stem cells (22). It has also been found to
induce EMT in several breast cancer cell lines, leading
to the transformation of cells to the mesenchymal cell
phenotype and an increased number of stem cells (22). In

© Annals of Translational Medicine. All rights reserved.

this study, it was shown that in the MML/MNML group,
the up-regulated differential proteins of the TNF signaling
pathway were enriched in both the MML/MNML and
BML/BNML groups, suggesting that the TNF signaling
pathway may be related to the ultrasonic morphological
changes of breast lesions. In the MML/MNML group,
the KS6AS5, NFKBI1, CASP3, MK09, MP2K4, MP2K3,
MP2K6, FADD, CASP8, MLKL, and PGAMS5 up-
regulated proteins may be involved in biological processes
such as apoptosis, necroptosis, intracellular signal
transduction, and cell degeneration of MML. In the BML/
BNML group, the MMP9, TNRG6, and MP2K3 differential
proteins were up-regulated in the TNF signaling pathway,
suggesting that MMP9, TNR6, and MP2K3 may be
involved in BML intracellular signal transduction and cell
survival and other biological processes.

The DIA results in this study showed that MP2K3
protein expression was significantly up-regulated in the
TNF signaling pathway of the MML/MNML and BML/
BNML groups, suggesting that MP2K3 may be related
to the formation of the ultrasonic morphology of breast

Ann Transl Med 2023;11(2):85 | https://dx.doi.org/10.21037/atm-22-6655



Annals of Translational Medicine, Vol 11, No 2 January 2023

Page 9 of 12

A KEGG pathway enrichment B KEGG pathway enrichment
Proteasome | ° Complement and coagulation cascades — .l
Epstein-barr virus infection - @ Prion disease - e
ive li - i ion - Number of IDs
TNF signaling pathway ® Number of IDs Neuroactive ligand-receptor interaction ° S
* 20 . ® 10
Ubiquitin mediated proteolysis | ° ® 25 Systemic lupus erythematosus - o ® 15
B ® 30 g ® 20
E mRNA surveillance pathway | . @35 ; Staphylococcus aureus infection | o @2
© ©
Q —logy, (P value) Q —logyo (P value)
8 Salmonella infection | @ 8 Protein digestion and absorption ° 1o
W 8 w 20
4 >4
RNA transport 4 @ 6 African trypanosomiasis | 15
B 10
Pathogenic escherichia coli infection - @ Amoebiasis 4 © 5
Phagosome - @ Purine metabolism —{ &
Measles | . Steroid hormone biosynthesis -
T T T T T T
0.3 0.4 0.5 0.1 0.2 0.3
Ratio Ratio
C KEGG pathway enrichment D KEGG pathway enrichment
Cytokine-cytokine receptor interaction-{ ' Ribosome — .
Viral protein interaction with cytokine_| " . .
and cytokine receptor Glycosaminoglycan degradation — °
Hypertrophic cardiomyopathy (HCM)— ° Number of IDs Thermogenesis | @
) ) * 3 Number of IDs
Dilated cardiomyopathy (DCM){ ) ; 451 Oxidative phosphorylation- @ o5
& >
3 3 @ 10
H Malaria-| B @®s z Glycosphingolipid _| | P valug)
T 5 biosynthesis-ganglio series ~lo value)
g ~logy, (P value) g 4 gand g
§ TNF signaling pathway— ° 5 8 Sphingolipid metabolism — 4
X 4 v 3
i - Aldosterone-regulated sodium _|
Proteoglycans in cancer: . g reabsorption )
Arrhythrgggdeiglr%)rllgg;\fyn(txgblgg_ 2 Valine, leucine and isoleucine degradation °
Renal cell carcinoma-{| . Lysosome -{ @
MAPK signaling pathway—| @ Parkinson disease -| @
T T T T T T T T
005 0.10 0.15 020 0.25 0.1 0.2 0.3 0.4

Ratio

Figure 3 The top 10 up-and down-regulated protein enrichment KEGG pathways in the MML/MNML (A,B) and BML/BNML (C,D)
groups. KEGG, Kyoto Encyclopedia of Genes and Genomes; TNE, tumor necrosis factor; MML, malignant mass-like; MNML, malignant
non-mass-like; BMIL, benign mass-like; BNML, benign non-mass-like.
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Figure 4 The specific linkage results of the top 10 key proteins in the PPI network in the MML/MNML (A) and the BML/BNML (B)
groups. PPI, protein-protein interaction; MML, malignant mass-like; MNML, malignant non-mass-like; BML, benign mass-like; BNML,

benign non-mass-like.
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lesions. MP2K3 is a bispecific kinase belonging to the
MAP kinase family. It is activated by inflammation and
endoplasmic reticulum stress, phosphorylates and activates
the 38 mitogen-activated protein kinase axis, and participates
in cell growth, differentiation, apoptosis, movement, and
inflammation (23). In addition, studies have shown that
MP2K3 may also be involved in the EMT of primary
tumor cells (24,25). Peng et al. (25) confirmed that MP2K3
knockout can inhibit the growth, proliferation, invasion, and
migration of cervical cancer i vitro and in vivo. Xie et al. (26)
used MP2K3 inhibitors to inhibit esophageal cancer iz vitro
and i vivo. Jia et al. (27) found that MP2K3 has pro-aging
activity and is down-regulated in human breast cancer
compared with normal human mammary epithelial cells.
In the breast cancer model of MacNeil ez al. (28), activated
MP2K3 significantly limited tumor growth in vivo and
in vitro cell line expression systems, while impaired MP2K3
signaling significantly promoted tumor growth. In this
study, the expression of MP2K3 was not only up-regulated
in MML compared to MNML but was also up-regulated in
BML relative to BNML, suggesting that MP2K3 may be
related to the ultrasonic morphology of breast lesions.

We also analyzed the functions of proteins with
significant expression differences in the MML/MNML
group, screened out some interesting proteins that may
have important clinical significance, and preliminarily
explored their possible mechanisms in the formation of
MML. The expressions of EIF4A3, 2AAA, RPS3, PP2AA,
DYNCI1HI, TGF-B1, TSP1, IGF1, and ITGBS5 protein
in MML was higher than that in MNML, suggesting
that these proteins may be related to the ultrasonic
morphological characteristics of breast cancer. Thus,
further exploration of the specific mechanism of these
proteins in the formation of MML and MNML ultrasonic
morphology is needed.

This study still has some limitations that should
be noted. Firstly, this study compared the proteomic
differences between mass and non-mass breast lesions;
however, the sample size was not sufficient, and the
proteomic results need to be further verified. Second,
as a prospective study, there are still some pathological
types that were not involved. Moreover, the selection of
breast lesions was closely related to the experience of the
operator, and the different parts of the same lesion were
related to the final diagnosis results, with a certain degree
of subjectivity. Besides, our study lacked further validation
of MP2K3 and TNF signaling pathways. In the following
studies, we intend to further verify this with western blot.

© Annals of Translational Medicine. All rights reserved.
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In addition, in the next research, we can also add studies
on the correlation between breast cancer histopathological
factors and TNF signaling pathway and MP2K3.

Conclusions

Our results illustrated that the TNF signaling pathway may
be related to the ultrasonic morphological characteristics
of breast lesions. MP2K3 is an up-regulated differentially
expressed protein in the MML/MNML and BML/
BNML groups, which may be related to the ultrasonic
morphological characteristics of breast lesions. However,
further studies are needed to explore the underlying
biological mechanisms of MP2K3 and TNF signaling in the
US morphology of breast lesions.
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