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Systematic proteomics analysis revealed different expression
of laminin interaction proteins in breast cancer: lower in luminal
subtype and higher in claudin-low subtype
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Background: Breast cancer is a major public health concern. Proteomics enables identification of
proteins with aberrant properties. Here, we identified proteins with abnormal expression levels in breast
cancer tissues and systematically analyzed and validated the data to locate potential diagnostic and
therapeutic targets.

Methods: Protein expression level in breast cancer tissues and para-carcinoma tissues were detected by
Isobaric Tags for Relative and Absolute Quantification (TRAQ) technology and further screened through
Gene Expression Profiling Interactive Analysis (GEPIA) database. Cellular components, protein domain
and Reactome pathway analysis were performed to screen functional targets. Abnormal expression levels of
functional targets were validated by Oncomine database, quantitative real time polymerase chain reaction
(qQRT-PCR) and proteomics detection. Protein correlation analysis was performed to explain the abnormal
expression levels of potential targets in breast cancer.

Results: Overall, 207 and 207 proteins were up- and down-regulated, respectively, in breast cancer tissues,
and approximately 50% were also detected in the GEPIA database. The overlapping proteins were mainly
extracellular proteins containing epidermal growth factor-like domain in leukocyte adhesion molecule (EGF-
Lam) domain and enriched in laminin interaction pathway. Moreover, the downregulated laminin interaction
proteins could be functional targets, which were also validated through Oncomine-Richardson and
Oncomine-Curtis database. However, the lower expression level of laminin interaction proteins only fit for
luminal breast cancer cells with no or low metastasis ability because the proteins achieved higher expression
level in more invasive claudin-low breast cancer cells. In addition, when compared with corresponding
in situ carcinoma tissues, above-mentioned proteins also showed higher expression levels in invasive
carcinoma tissues. Finally, we have revealed the negative correlation between the laminin interaction proteins
and the claudins.

Conclusions: The laminin interaction protein, especially for laminins with Bl and y1 subunits and their
integrin receptors with al and a6 subunits, showed lower expression levels in luminal breast cancer with

no or lower metastatic ability, but showed higher expression levels in claudin-low breast cancer with higher
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metastatic ability; and their higher expression could be related to the low claudin expression.
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Introduction

Breast cancer in women is a major concern across the
world, and it is associated with high incidence rate and early
onset age (1,2). In addition to BRCA1, BRCA2, and TP53
(3-5), many classical biomarkers exist (6,7); nevertheless,
identifying new effective biomarkers and targets remains
pivotal. With the emergence of proteomics, systematically
investigating protein expression (8,9), modification (10-12),
and classification (13,14) has become possible in breast
cancer. Although more potential biomarkers and targets
can be identified using this approach, such a complex
method is bound to generate some inaccurate results.
Thus, it is important to discriminate between accurate
and inaccurate data. Several cancer-related databases are
available, providing comprehensive information pertaining
to potential targets. For example, Yuan ez /. explored the
expression pattern and prognostic value of FUNDCI in
pan-cancer across multiple databases, including Oncomine,
PrognoScan, Gene Expression Profiling Interactive Analysis
(GEPIA), and Kaplan-Meier Plotter (15). Further, Feng
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Key findings

* Laminins and their integrin receptors showed lower expression
levels in luminal breast cancer with no or lower metastatic ability
but showed higher expression levels in claudin-low breast cancer
with higher metastatic ability, their higher expression could be
related to the low claudin expression in breast cancer.

What is known and what is new?

® Breast cancer is a kind of highly heterogeneous cancer, so it is very
important to find targets according to its classification.

*  We revealed lower and higher expression levels of laminins and
their integrin receptors in luminal and claudin-low breast cancer
respectively, which could be potential targets during tumor
initiation and development.

What is the implication, and what should change now?
® This study facilitates the identification of new, effective biological
markers and targets for different breast cancer types.
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et al. identified significant genes with poor prognosis
in ovarian cancer via bioinformatical analysis involving
databases such as Gene Expression Omnibus, Database
for Annotation, Visualization and Integration Discovery
and GEPIA (16). Both proteomics and multi-database
analysis can thus lead to the identification of potential
cancer targets, but most previous studies involved only one
of the two approaches; Thus, combining proteomics with
multi-database analysis to identify valid cancer targets is
accordingly desirable.

Breast cancer is a type of heterogeneous tumor (17,18),
and depending on the expression level of the estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2), and Ki-67, it can be classified
into luminal A (HER2", ER" and PR"), luminal B (HER2",
ER" or HER2*, ER"), HER2™ overexpression (HER2", ER”
and PR’), and triple-negative types (HER2", ER™ and PR’)
(19,20). According to histological classification, breast
cancer can be generally classified into ductal carcinoma and
lobular carcinoma (21). Hence, precise investigation for
different breast cancer subtype is important.

Herein we assessed protein expression levels in breast
cancer using the isobaric tags for relative and absolute
quantification (i'TRAQ) method and validated our results
with muti-database analysis and biological experiments.
We revealed laminins and their receptors as repeated
targets for breast cancer, which showed lower expression
levels in luminal breast cancer with no or low metastatic
ability but showed higher expression levels in claudin-low
breast cancer. In addition, we revealed negative correlation
between laminins, integrins and claudins. Overall, we
observed that laminins and their integrin receptors
showed dynamic alterations in expression levels during
breast initiation and development, which can facilitate the
identification of new, effective biological markers and targets
for different breast cancer types. We present this article in
accordance with the MDAR reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
2214/rc).

Transl Cancer Res 2024;13(5):2108-2121 | https://dx.doi.org/10.21037/tcr-23-2214


https://tcr.amegroups.com/article/view/10.21037/tcr-23-2214/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2214/rc

2110

Methods
Sample preparation

Three pairs of invasive ductal breast carcinoma and para-
carcinoma tissues (hereafter referred to as “normal tissues”)
were obtained from patients at the Second Affiliated
Hospital of Qigihar Medical University (Qiqihar, China)
from January 2018 to December of 2018. All patients
were diagnosed with breast cancer but had not undergone
chemotherapy nor radiotherapy previously. The samples
were stored and transported in liquid nitrogen immediately
after the operation. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
experimental protocol was approved by the Qigihar Medical
Ethics Committee (approval No. [2021]25), and informed
consent was obtained from all patients.

Cell culture

MCF-10A (SCSP-575), MCF-7 (SCSP-531), ZR-751
(TCHu126), BT-549 (TCHu93), and MDA-MB-231
(TCHu227) cells were purchased from the Cell Bank
of Chinese Academy of Science. All cell lines were
authenticated by short tandem repeat analysis, and also
tested for morphology and mycoplasma contamination.
MCEF-10A cells were cultured using the MEGM kit (Lonza/
Clonetics) in the presence of 100 ng/mL cholera toxin
(Sigma, Darmstadt, Germany). MCF7 cells were cultured
in MEM (HyClone, Logan, Utah, USA) supplemented with
10% fetal bovine serum (FBS, HyClone). ZR-751 and BT-
549 cells were cultured in RPMI 1640 (HyClone) with
10% and 20% FBS, respectively, and in the presence of
2.5 g/L glucose (Sigma-Aldrich; Merck KGaA, Darmstadst,
Germany) and 0.11 g/L sodium pyruvate. BT-549 cells
also required 0.023 IU/mL insulin (Sigma-Aldrich; Merck
KGaA). All cells were cultured at 37 °C and in a humidified
atmosphere of 5% CO,. MDA-MB-231 cells were cultured
in L15 (HyClone) supplemented with 10% FBS at 37 °C in
a humidified atmosphere without CO,. All the cells were
cloned less than 30 generations.

Quantitative protein analysis

The protocols pertaining to protein extraction and
digestion, tandem mass tag labeling, peptide separation,
MS/MS analysis, database search, and proteomics data
validation were as previously reported (22).
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GEPIA database analysis

The proteins that were up- (fold change >1.5) and
downregulated (fold change <1/1.5) in our quantification results
and in GEPIA database (http://gepia.cancer-pku.cn/) (23)
were analyzed using Venn analysis in FunRich v3.1.3 (24).
Overlapping proteins with differential expression levels
were chosen for further analyses. RGUI v3.4.2 was used
to create a heat map of expression levels of these proteins
in normal and breast cancer tissues (25). The correlation
between laminins, integrins and claudins were also analyzed
by GEPIA database.

Analyzing components, protein domains, and pathways

The components, protein domains, and pathways of target
proteins were analyzed using FunRich v3.1.3 (24) based
on the information retrieved from the UniProt database
(https://www.uniprot.org/) (26). Entries with a corrected
P value of <0.05 were considered to indicate a statistically
significant difference.

Oncomine database analysis

The gene expression levels of laminin interaction proteins
in normal and breast cancer tissues were analyzed
using the Oncomine-Richardson (27) and Oncomine-
Curtis database (28) and those of laminins and their
integrin receptors in invasive ductal breast carcinoma
and corresponding in situ tissues were analyzed using the
Oncomine-Schuetz database (29).

Detection of mRNA expression levels by quantitative real
time polymerase chain reaction (qRT-PCR)

Approximately 1x10° cells were collected and treated with 1
mL TRIzol, followed by total RNA isolation. The extracted
RNA was then converted into cDNA. mRNA expression
was determined using TaKaRa TB Green Premix Ex Taq, as
per manufacturer instructions. The reaction mixture comprised
0.25 U DNA polymerase, 150 pg cDNA, 0.2 pM forward and
reverse primer each, and 1x PCR buffer; ddH,O was used
to adjust the final volume to 10 pL. The cycling conditions
were as follows: 95 °C for 30 s, 40 cycles of 95 °C for 5 s and
60 °C for 30 s, and finally 95 °C for 30 s. The temperature
was then increased from 65 °C to 95 °C at a rate of 0.5 °C/s
for melting curve analysis. The experiments were replicated
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Table 1 Forwards and reverse primer sequences used in quantitative
real time polymerase chain reaction experiments

Primer Sequence (5'-3")
ITGA1
Forward CTCTGCTACTGCTTCTTCTG
Reverse CTGTTCTCCACTGAGCGTCT
ITGA6
Forward TGGGCTATCCTCAAGAGTTCAGTT
Reverse GTTATGGGAATGGGACGCAG
LAMA2
Forward CTTGAATCCGCTGTCTCCTAT
Reverse CACAGATGCCACCAAAAATAGT
LAMA4
Forward GCGCTCGGTTCTGCCTCTGT
Reverse TCGTCTCAGGCGGGTCTTGC
LAMB1
Forward GAGTGCCTGAAGGGGCTTATTTG
Reverse TTGTCATCATCGGGGATGGTATTA
LAMB2
Forward CTGGGATGATGTAGTCTGTGAG
Reverse ACAGGTTCTGAATCCGTGAG
LAMC1
Forward CTCTTAATCGCCTGAACACT
Reverse TCGTTCTTCATACACTCGC

three times. 7izble 1 lists the primers used for qRT-PCR.

Statistical analysis

Enrichment analysis was performed by Bonferroni Method
and Benjamini-Hochberg method (BH method). The
statistical difference between two groups was performed
using student’s # test, the data were replicated through three
times. The significance level was set at *P<0.05, **P<0.01
and ***P<0.001. Error bars denoted the standard deviation.

Results

Screening proteins with aberrant expression levels in breast
cancer tissues

Opverall, 3,792 proteins were identified, of which 3,753 were
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quantified from human breast cancer and corresponding
normal tissues. When the quantification ratio was set at 1.5,
207 proteins were found to be upregulated and 207 proteins
were downregulated (22). For further validation, we
compared our results with those from the GEPIA database.
When the fold-change cut-off was set at >1.5 or <1/1.5,
44% (92/207) of up- and 58% (120/207) of downregulated
proteins were also detected in the database (Figure 1A4,1B).
The indicated common proteins and their differential
expression levels in invasive ductal breast carcinoma and
normal tissues are shown in Tables S1,52 and Figure 1C,1D,
they were selected for further analyses.

Proteins with aberrant expression levels were enriched in
the laminin interaction pathway

Our cellular component analyses revealed that the
overlapping proteins were significantly enriched in
extracellular components, such as extracellular exosome,
extracellular matrix, focal adhesion, extracellular region,
and extracellular space (Figure 2A4,2B). To investigate the
function of these extracellular proteins, we further analyzed
them. Protein domain analysis indicated that most of
them contained the epidermal growth factor-like domain
in leukocyte adhesion molecule (EGF-Lam) domain
(Figure 2C), and pathway analysis showed that they were
significantly enriched in the laminin interaction pathway
(Figure 2D). In addition, all proteins with the EGF-
Lam) domain were observed to participate in the laminin
interaction pathway (Figure 2E). These findings indicated
that proteins involved in laminin interaction may be reliable
potential targets.

Lower expression levels of laminin interaction-related
proteins in breast cancer tissues

Laminin interaction usually involves the combination
between heterotrimeric laminin (also referred to laminins)
and their receptors on cell membrane and often affects the
migration, invasion, and self-renewal of tumor cells (30-34).
Heterotrimeric laminin contains one a subunit, one
subunit and one y subunit, which are encoded by the genes
named Jaminin A, laminin B and laminin C respectively (35).
Thus, they are usually named according to their subunit
make-up. For example, laminin-211 is just composed of
subunit 02, Bl and y1, which is encoded by gene named
laminin subunit 02 (LAMA?2), laminin subunit B1 (LAMBI)
and laminin subunit y1 (LAMCI) respectively (36). In our
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A GEPIA.2 database
Fold change =1.5
Proteomic results
Fold change =1.5
B GEPIA.2 database
Fold change <1/1.5
Proteomic results
Fold change <1/1.5
C

1.6
1.4

1.4
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1.2
1.0 1.0
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T: Breast carcinoma tissues

Figure 1 Proteomics and GEPIA database analysis for differentially expressed proteins between breast cancer and normal tissues. (A) Venn
diagrams for upregulated proteins (fold change >1.5) in proteomics and GEPIA database; (B) Venn diagrams for downregulated proteins (fold
change <1/1.5) in proteomics and GEPIA database; (C) expression information of upregulated proteins in breast cancer and normal tissues; (D)
expression information of downregulated proteins in breast cancer and normal tissues. Specific proteins in (C,D) are listed in Tables S1,S2.
GEPIA, Gene Expression Profiling Interactive Analysis.
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Figure 2 Bioinformatics analysis of proteins with differential expression level in breast cancer and normal tissues. (A) Cellular component

analysis of upregulated targets, P<0.05 entries are listed; (B) cellular component analysis of downregulated targets, P<0.05 entries are listed;

(C) protein domain analysis of extracellular proteins in (A,B), P<0.05 entries are listed; (D) Reactome pathway analysis of extracellular

proteins in (A,B), P<0.05 entries are listed; (E) Venn diagram of proteins with the EGF-Lam domain and in the laminin interaction pathway.

BH method, Benjamini-Hochberg method; EGF-Lam, epidermal growth factor-like domain in leukocyte adhesion molecule; EGE,

epidermal growth factor; LamNT, N-terminal domain of laminins; LamB, B domain of laminins; VWA, von Willebrand factor A domain;

ECM, extracellular matrix; MET, metastasis-associated protein; PTK2, protein tyrosine kinase 2.
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proteomics results, the abnormal expressed proteins in
laminin interaction pathway involved laminin subunit B2
(LAMB2), LAMCI, laminin subunit o4 (LAMA4), LAMBI,
LAMA? and their receptors including integrin a7 (I'TGA7),
integrin a6 (ITGAG), integrin al (ITGAI1), nidogen-1
(NID1) and basement membrane-specific heparan sulfate
proteoglycan core protein (PGBM). In addition, all the
above proteins were downregulated in breast cancer tissues
when compared with normal tissues (Figure 34,3B). To
validate our results, we analyzed their gene expression
levels using the Oncomine database. In Oncomine-Curtis
Breast database (27), which includes data more than 2,000
samples, the results showed that genes encoding above
10 proteins were downregulated in ductal breast cancer
tissues (Figure 3C). Moreover, Oncomine-Richardson
database (28) also suggested that besides ITGAI, all the
other nine genes showed significant lower expression
level in invasive ductal breast cancer tissues (Figure 3D).
Above results revealed lower expression levels of laminin
interaction-related proteins in breast cancer tissues.

Lower expression levels of laminin interaction-related
proteins occurred in luminal but not claudin-low breast
cancer cells

To further validate above results acquired from tissue
samples, we detected the mRINA expression levels of above
laminin interaction-related proteins in different breast
cancer cell types. Because laminin subunits and integrin
subunits occupied with most of the above ten proteins, thus
we chose the proteins above for further validation. Except
for LAMA?2 and ITGA7, of which the cycle threshold value
were more than 35 cycles, we got the data of the other six
genes including LAMB2, LAMA4, LAMCI, LAMBI, TIGA1
and ITGAG6. The results indicated that when compared
with MCF-10A cells, the six genes showed significant
lower expression levels in non-metastatic luminal MCF-7
cells; five of them (LAMB2, LAMCI, LAMBI, TIGAI and
ITGAG6) showed significant lower expression levels in lower-
metastatic luminal ZR-751 cells; only two of them (ITGAI
and ITGAG) showed significant low expression levels in the
more invasive claudin-low BT-549 cells (Figure 44). The
results suggested that the lower expression level of laminins
and their integrin receptors seems fit to the luminal
breast cancer cells with no or lower invasive potential. To
validate our hypotheses, we detected the mRINA expression
level of above-mentioned genes in MDA-MB-231
cells, which is also claudin-low type and shows strong

© Translational Cancer Research. All rights reserved.
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metastatic ability. As expected, all the six genes showed
conversely higher expression levels in MDA-MB-231 cells
(Figure 4B). In addition to mRNA expression level, we
detected by proteomics techniques the significantly lowered
protein expression levels of laminins and their integrin
receptors in luminal less metastatic breast cancer cell lines
including T47D and ZR-75-1, and their apparently higher
expression levels in the more invasive claudin-low MDA-
MB-231, MDA-MB-436 and BT-549 cells (Figure 4C,4D).
Moreover, due to the Oncomine-Schuetz database (21),
the expression level of above proteins in invasive ductal
tissues was higher than that of corresponding iz situ tissues
(Figure 4E). All the above results indicated that the laminins
and their integrin receptors may show lower expression
during the initiation of breast cancer and achieve higher
expression during tumor development.

Higbher laminins and integrin receptors expression could be
correlated with low-claudin expression in breast cancer

Basing on above results, we observed higher expression level
of laminins and their integrin receptors in the more invasive
breast cancer cells including BT-549, MDA-MB-436
and MDA-MB-231, which belong to triple-negative and
claudin-low (claudin-3, claudin-4 and claudin-7 low) breast
cancer cells (37-39). To investigate whether laminins and
their integrin receptors have something to do with these
factors involved in classification, including ER, PR, HER2,
claudin-3, claudin-4 and claudin-7, we analyzed the gene
expression correlation among them. In our results, neither
laminins nor integrins showed the regular relationship
with ER, PR and HER?2 (data not shown). However, except
for the higher P value between genes encoding I'TGA6
and claudin-4, all the genes encoding laminin subunits
(LAMA2, LAMA4, LAMBI and LAMCI1) and integrin
subunits (ITGAI1 and I'TGAG6) showed significant negative
correlation with that encoding claudin-3, claudin-4 and
claudin-7 (Figure 5A-5F). These results indicate that higher
laminins and integrins expression could be correlated with
low claudin expression.

Discussion

At present, proteomics is being widely used for elucidating
protein expression, protein modification (22,40) and tumor
classification (41,42) for breast cancer. Although proteomics-
based methods are well established, their reproducibility
is evidently a major challenge for the differences among
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Figure 3 Expression levels of laminin interaction proteins in breast cancer tissues. (A) Protein expression levels of laminin subunits and

their receptors in normal (N) and breast cancer tissues (T) assayed by proteomics detection; (B) quantification of (A); (C) expression levels

of laminin subunits and their receptors in normal and breast cancer tissues using the Oncomine-Curtis database; (D) expression levels of

laminin subunits and their receptors in normal and breast cancer tissues using the Oncomine-Richardson database.
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Figure 5 Gene correlation analysis between laminin interaction proteins and claudins. (A) Correlation between ITGAI and CLDN3, CLDN4
and CLDN7; (B) correlation between ITGA6 and CLDN3, CLDN4 and CLDN7; (C) correlation between LAMBI1 and CLDN3, CLDN#4
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© Translational Cancer Research. All rights reserved. Transl Cancer Res 2024;13(5):2108-2121 | https://dx.doi.org/10.21037/tcr-23-2214



2118

Gao et al. Dynamic laminin interaction proteins in breast cancer

Extracellular matrix

pa p1 a7 p1

Cytoplasm

Laminins
Laminin-y1

Dystroglycan

Laminin-a2

Figure 6 Simplified laminin interaction pathway involved proteins with abnormal expression level in breast cancer. Red fonts and lines

represent the core targets and their combination revealed in our results.

operators, equipment, and samples. Thus, it is crucial to
obtain solid results and to validate them. Here, through
our proteomics detection (both for tissue and cell samples),
investigation with different databases (GEPIA, Oncomine-
Richardson, Oncomine-Curtis and Oncomine-Schuetz),
and qRT-PCR detection, we revealed dynamic expression
of laminins and their integrin receptors in breast cancer, as
well as their correlation with claudins.

As compared with their normal counterpart, breast cancer
tissues showed lower expression levels of laminins and their
integrin receptors (Figure 3). It has been reported that
laminins are necessary for a “soft” extracellular matrix (43)
and the loss of the laminin signal can result in a “stiff”
extracellular environment and abnormal tissue function,
which are hallmarks of solid tumors (44). Thus, the lower
expression levels of laminins and their integrin receptors
could be one of the reasons for the tumorigenesis of
mammary epithelial cells, which is consistent with our
results. However, the lower expression level seems to be
characteristic for luminal breast cancer cells with no- or
lower-invasive ability (such as MCF-7, T47D and ZR-75-1),
for we found higher expression level of laminin and their
integrins in the more invasive claudin-low breast cancer
cells, such as MDA-MB-436, BT-549 and MDA-MB-231
(Figure 44-4D). In addition, we also found that some
laminins and integrins showed higher expression levels in

© Translational Cancer Research. All rights reserved.

invasive ductal tissues than their corresponding iz situ tissues
(Figure 4E). That is, the laminins and integrins showed a
rebounded expression during cancer progression. As the
important components of extracellular matrix, laminins can
interact with their receptors and several active intracellular
signaling pathway including phosphatidylinositol-3-kinase/
protein kinase B (PI3K/AKT), mitogen activated protein
kinase/extracellular signal regulated kinase (MAPK/ERK),
and Rho GTPases, which involve in the development of
some cancer types, including bladder cancer, colorectal
cancer, lung cancer, and head and neck squamous
carcinomas (45-47). In addition, overexpression of laminins
has been reported in breast cancer for facilitating cell
metastasis (48). Thus, we speculated that the rebounded
expression of laminins and integrins could be one of the
main reasons for breast cancer progression, especially for
claudin-low expression breast cancer. Furthermore, our
continuous validated results suggested that above-mentioned
dynamic expression is mainly characteristic for laminins with
B1 and y1 subunits and their integrin receptors with al and
a6 subunits (Figure 6).

The claudin-low breast cancer is characterized by
decreased expression of claudin-3, claudinin-4 and
claudin-7, enrichment for markers involved in epithelial-
mesenchymal transition and possessing features involved
in mammary cancer stem cells (39), and usually shows poor

Transl Cancer Res 2024;13(5):2108-2121 | https://dx.doi.org/10.21037/tcr-23-2214
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prognosis (37,49). We also found the negative correlation
between laminins, integrins and claudin3, claudin4, and
claudin7. Moreover, it has been reported that targeting
integrin-p1 can sensitize claudin-low cells to mitogen-
activated protein kinase kinase (MEK) inhibition (50),
indicating its oncogenic role in claudin-low breast cancer.
However, there is no reported proof about the correlation
and regulation between other laminins, integrins and
claudins in breast cancer, which needs our further
investigation.

Conclusions

Here, through proteomics detection and experiment
validation, we found contrary expression levels of laminins
and their integrin receptors according to different breast
cancer: they exhibited lower expression levels in luminal
breast cancer with no or lower metastatic ability but
achieved higher expression levels in claudin-low breast
cancer with higher metastatic ability and their higher
expression could be related with the low claudin expression.
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