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Background: High expression of integral membrane protein 2A (ITM2A) was reported to
be associated with favorable prognosis in several solid tumors including breast cancer.
This study aimed to investigate the role of ITM2A in breast cancer, especially in respect to
tumor microenvironment.

Methods: ITM2A expression was evaluated based on qRT-PCR results on breast cancer
specimens, as well as TCGA and GEO datasets. The influence of ITM2A expression on
breast cancer cell proliferation and tumor growth were evaluated by CCK-8 assay,
clonogenic assay, and murine xenograft models. Transwell assay was performed to
observe the changes of invasion and migration capacity in breast cancer cells. To
determine the biological functions of ITM2A, differentially expressed genes (DEGs) were
screened based on RNA-sequencing data of MCF-7 cells overexpressed ITM2A. Then,
functional annotation on DEGs was given by Gene Ontology and KEGG analysis. The
stimulation on programmed cell death ligand 1 (PD-L1) expression when ITM2A
overexpressed was determined by flow cytometry. Meanwhile, the correlation on
expression levels between PD-L1 and ITM2A was tested via qRT-PCR on 24 breast
cancer tissues, as well as public database.

Results: We demonstrated that ITM2A was frequently downregulated in breast cancer.
Patients with high expression levels of ITM2A had longer overall survival and relapse free
survival. Overexpression of ITM2A inhibited proliferation and impaired cells capacity of
invasion and migration in vitro and in vivo. The DEGs in breast cancer cells overexpressed
ITM2A were found to be associated with immunity responses. Moreover, ITM2A was
found to facilitate breast cancer cells to express PD-L1. The correlation between PD-L1
and ITM2A was verified with both qRT-PCR assay and public database. Additionally, it
was found that breast cancer had higher ITM2A expression frequently had more tumor-
infiltrating lymphocytes (TILs).

Conclusion: In summary, we found that high expression of ITM2A reduced the
aggressivity of breast cancer cells and had a favorable effect on outcomes of patients
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Abbreviations: DMFS, Distant Metastas
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with breast cancer. Moreover, ITM2A induced PD-L1 expression in breast cancer cells
was accompanied with higher TILs numbers in tumor microenvironment.
Keywords: ITM2A, breast cancer, prognosis, PD-L1, immune infiltration
INTRODUCTION

Integral membrane protein 2A (ITM2A) belongs to the Type II
Integral Membrane protein (ITM2) family, along with ITM2B
and ITM2C (1). This family belongs to the BRICHOS
superfamily. ITM2A is preferentially expressed in T lineage
cells among hematopoietic cells (2). Now we concentrate on
the biological functions that ITM2A performs in breast cancer.

Breast cancer is frequently diagnosed among females globally.
In the United States, it is estimated that 281,550 new cases of
invasive breast cancer will be diagnosed in females in 2021 (3).
Simultaneously an estimated 43,600 breast cancer deaths will
occur. The treatments targeting breast cancer have been
continually developed and advanced for more than 100 years.
Those treatments include mastectomy, conserving surgery,
endocrine therapy, and common anti-tumor regimens—
chemotherapy and radiation therapy. Currently, the 5-year
survival of patients with breast cancer is over 90% (4).
Nevertheless, the survival of patients with triple-negative breast
cancer (TNBC) is quite poor, resulting from lack of robust
treatment strategies (5). The remarkably heterogeneous TNBC
tumor microenvironment has added disadvantage to treatments.
Whenever the clinical stage, chemotherapy is the primary
established treatment option for patients with TNBC (5). In
addition, metastatic breast cancer frequently has poor clinical
outcomes with a 5-year survival rate at 26% (4). It is urgent to
explore robust regiments to improve outcomes of patients with
TNBC or metastatic breast cancer.

As a novel therapeutic approach that releases the brake on
effector T cells activation, immune checkpoint blockade (ICB)
therapy has achieved success in several solid malignancies. The
most deeply investigated ICBs, including anti-cytotoxic T
lymphocyte associated antigen 4 (CTLA-4), anti-programmed
death 1 (PD-1), and anti-programmed death ligand 1 (PD-L1),
are developed to bypass the immune checkpoint, with the aim of
rescuing and enhancing the functions of antitumor T effector
cells (6). Pembrolizumab is a representative reagent of anti-PD-1
monoclonal antibody. There was a phase 2 trial that
demonstrated that women with high risk, stage II/III, ERBB2-
negative breast cancer had improvement in pathological
complete response (pCR) rate when pembrolizumab was added
to standard neoadjuvant chemotherapy over patients who
received chemotherapy alone (7). Pembrolizumab also has
showed durable antitumor activity as first-line therapy for
patients with PD-L1-positive metastatic TNBC (mTNBC) (8),
as well as demonstrated durable antitumor activity in a subset of
patients with previously treated mTNBC (9). Currently, a phase
3 clinical trial showed that among patients with stage II/III
is Free Survival; RFS, Relapse Free
e Specific Survival.
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TNBC, patients who received pembrolizumab plus neoadjuvant
chemotherapy had a significantly higher rate of pCR than those
who received placebo plus neoadjuvant chemotherapy (10).
Normally, the response rate in patients with other solid tumors
when receiving anti-PD-1/PD-L1 antibodies hangs on
multifactorial parameters, including PD-L1 expression, tumor
mutational load/microsatellites status, and intensity of
intratumoural CD8+ cytotoxic T cells (11–13). In breast
cancer, PD-L1 expressed on the surface of tumor cells as well
as infiltrating lymphocytes (14). Meanwhile, PD-L1 expression
associated with tumor-infiltrating lymphocytes (TILs) was found
to be a positive prognostic feature in breast cancer (14, 15).

In this study, we explored if ITM2A could influence the
proliferation and aggressivity of breast cancer cells. Meanwhile,
RNA-sequencing (RNA-seq) of breast cancer cells that
overexpressed ITM2A was conducted. We found ITM2A was
associated with immunity responses. More importantly, ITM2A
was found to induce PD-L1 expression as well as be associated
with TILs.
METHODS

Public Database Analysis
For comparing ITM2A expression between breast cancer
samples and normal samples, gene expression profiles
(GSE29413 containing 12 normal tissues and 54 breast cancer
samples; GSE61304 containing 4 normal tissues and 58 breast
cancer tissues) were downloaded from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/).
In addition, gene expression date of n = 110 breast cancer tissues
and paired normal tissues were selected from TCGA (https://
portal.gdc.cancer.gov/). Tumor Immune Estimation Resource
(TIMER; https://cistrome.shinyapps.io/timer/) was utilized to
exam the correlation between ITM2A expression and TILs (16).

Specimens Collection and Processed
Human tumor samples were obtained from patients diagnosed with
invasive breast cancer who had not received neoadjuvant
chemotherapy. A total of 24 breast cancer tissues and paired
adjacent tissues were obtained during surgery at the Department of
Thyroid andBreast Surgery, TongjiHospital, TongjiMedical College
of HUST. Specimens were immersed in cold RNA later solution
overnight and then stored at -80°C. Each informed consent was
signed by patients and approval of experiment on human specimens
was received from the Ethics Committee of Tongji Hospital.

Survival Analysis
For survival analysis, the online tools—Kaplan-Meier Plotter
(http://kmplot.com/) (17) and PrognoScan (http://www.
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prognoscan.org/) (18)—were used to detected the overall
survival (OS), progression free survival (PFS), and distant
metastasis free survival (DMFS) of patients grouped by the
median of ITM2A mRNA.

Cell Culture
MCF-7 and MDA-MB-231 cells were obtained from the Chinese
Academy of Science cell bank (Wuhan, China). The cell lines
were authenticated by using short tandem repeat (STR) DNA
profiling (ABI 3730XL Genetic Analyzer, Life Technologies,
Waltham, MA, USA). MCF-7 cells were cultured in DMEM
supplemented with 10% FBS and 1% penicillin/streptomycin
(Invitrogen, USA) at 37°C with 5% CO2. MDA-MB-231 cells
were cultured in L-15 (HyClone, USA) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin/streptomycin
(Invitrogen, USA) at 37°C. These cells passaged less than 30
times during our experiment.

Transfection
The MCF-7 and MDA-MB-231 cells were grown in 6-well plate
to arrive at 50%–60% or 70%–80% confluence respectively. Then
cells were transfected with 2.0 ug empty vector or ITM2A
plasmid using X-tremeGENE HP DNA Transfection Reagent
(Roche, USA) according to the manufacturer’s instructions.
After transfection for 48 h, cells were harvested or passaged for
subsequent experiments.

Quantitative Real-Time PCR
Total RNA was extracted from tissues or cell pellets using Trizol
reagent (Invitrogen, USA) and reversely transcribed using
PrimeScript RT Reagent Kit (Takara Bio Inc.). The expression
levels of interested genes were measured in triplicate using SYBR
Green qPCRMix (Toyobo, China). Primer sequences were as follows.
ITM2A Forward: 5´-ATCCTGCAAATTCCCTTCGTG-3´, Reverse:
5´- CAGGTAAGCAGTCATTCCCTTT-3´; PD-L1 Forward: 5´- CT
GTCACGGTTCCCAAGGAC -3´, Reverse: 5´-GGTCTTCCTC
TCCATGCACAA-3´; GAPDH Forward: 5´- CTCACCGGATG
CACC AATGTT -3´ Reverse: 5´-CGCGTTGCTCACAAT
GTTCAT -3´. Relative mRNA expression was calculated using the
2-DDCT method, and GAPDH was used as an internal control (19).

Immunoblotting Analysis
For immunoblotting, cells were lysed in iced RIPA buffer
supplemented with protease and phosphatase inhibitors
(Roche, USA). After centrifuging in high speed, the lysates
were purified and then were separated in 5–12% SDS-PAGE
gels. The lysates were transferred to PVDF membranes and
blocked for 1 hour with 5% bevor serum albumin (BSA). The
primary antibodies we used were as follows: anti-ITM2A
(Proteintech, Wuhan, China); anti-a-Tubulin (Proteintech,
Wuhan, China). Membranes were incubated with a species-
matched HRP-conjugated secondary antibody for 1 h. a-
Tubulin was used as loading controls to quantify the results.

Clonogenic Assay
For clonogenic assay, cell lines transduced with empty vector or
ITM2A were seeded in 6-well plates (1,000 cells per well),
Frontiers in Oncology | www.frontiersin.org 3
typically for 14 days. Cells were fixed with 4% formaldehyde
for 15 min followed by crystal violet staining for 15 min.

Cell Counting Kit-8 (CCK-8) Assay
Cell viability was determined using CCK-8 (DOJINDO, Japan)
assay. Briefly speaking, cells transfected with indicated plasmid
were plated in 96-well plates and cultured for 24–72 hours. Then
the medium in each well was replaced with 100 ul fresh culture
medium supplemented with 10 ul CCK-8. After incubation for 2
hours at room temperature in the dark, the absorbance at 450 nm
wave length was read by microplate reader (Bio-Rad, USA). Cell
viability was evaluated based on the absorbance value relative to
wells plating no cells.

Transwell Migration and Invasion Assay
Migration and invasion assay were performed according to the
manufacturer’s instructions (Corning, USA). Briefly, about 5 ×
104 MDA-MB-231 cells transfected with empty vector or ITM2A
plasmid were plated into upper chamber coated with 200 ul L-15
with 10% FBS. In the lower chamber, 500 ul medium with 40%
FBS was used as a chemotactic agent. Nineteen hours later, the
insert was removed. Cells in the microporous membrane were
washed with PBS and then stained with crystal violet at room
temperature for 10–15 min. As invasion assay, the upper
chamber was coated with Matrigel besides medium and 10%
FBS, and the incubation time was 36 hours. Cells in the
microporous membrane were counted in five random fields
per chamber.

Flow Cytometric Analysis
The FITC Annexin V Apoptosis Detection Kit I (BD Biosciences,
USA) was used to detect apoptosis rate of cells. The collected fresh
cell pellets were washed using cold PBS and then suspended by 1 ×
binding buffer. Next, 5 ul of Annexin V and 5 ul of PI was added
into 300 ul of 1 × binding buffer contained around 1 × 105 cells.
Cells were gently mixed and then incubated for 15 min at room
temperature in the dark. Then cells were analyzed on the FACS
Calibur System (Beckman Coulter). The PE Mouse Anti-Human
PD-L1 (Cat 329706; BioLegend, Inc.), APC Mouse Anti-Human
PD-L2 (Cat 345507; BioLegend, Inc.), and PerCP/Cyanine5.5
Mouse Anti-Human B7-H3 (Cat 351009; BioLegend, Inc.) were
used to detect PD-L1, PD-L2, and B7-H3 in MCF-7 and MDA-
MB-213 cells. First, fresh cell pellets were collected and washed
with PBS, then were suspended in 300 ul of PBS containing 1‰
BSA and incubated with corresponding antibody for 30 min on ice
in the dark. Finally, staining cells were washed and then analyzed
on FACS Calibur System (Beckman Coulter). FlowJo (ver. 10.0)
was used for data acquisition and analysis.

Mouse Xenograft Studies
Female BALB/c null mice between the ages of 4–6 weeks were
purchased from the Beijing HFK Bio-Technology Co., Ltd. The
mice were bred in a specific-pathogen free facility. Prepared
MCF-7 cells were inoculated subcutaneously under axilla (1 ×
106 cells per mouse). Once the tumors were tangible, its volume
was calculated using the formula 0.5 × (minor tumor axis)2 ×
(major tumor axis) once in 3 days. Before the nude mice were
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sacrificed, magnetic resonance imaging examination (plain scan
and enhanced) was conducted to check the growth of tumors in
the body. All animal procedures were performed in accordance
with the approved Guide for the Care and Treatment of
Laboratory Animals of Tongji Hospital and approved by the
Ethics Committees of Tongji Hospital.

RNA Sequencing on MCF-7 Cells and
DEGs Screening
MCF-7 cells were transfected with 2.0 ug empty vector or ITM2A
plasmid as above described. Three days after transfection, theMCF-
7 cells were collected using trypsin (Cat 0458-250G; Lifescience).
Then total RNA was derived from cells pellets using Trizol
(Invitrogen, USA) according to the manufacturer’s protocol. A
total amount of 2 ug RNA per samples was sent to BerryGenomics
(Beijing, China) for next generation sequencing. Briefly, mRNAwas
purified from total RNA and cDNA was synthesized. Then the 3’
ends of DNA fragments were adenylated and adaptor with hairpin
loop structure were ligated. After PCR, the libraries were sequenced
on an Illumina NovaSeq platform to generate 150 bp paired-end
reads, according to the manufacturer’s instructions. The DEGs
between ITM2A overexpressed cells and nature control cells were
identified using the DEGseq R package according to below criterions:
the adjusted p < 0.05 and |log2-fold-change| > 2.

Functional Annotation and Enrichment
Analysis
Gene Set Enrichment Analysis (GSEA) was performed on RNA-
Seq profiles of 1,053 breast cancer stratified by ITM2A mRNA
expression levels using GSEA software as previously described
(20). For DEGs derived from ITM2A overexpressed cells, the R
packages “clusterProfiler” and “enrichplot” were used to conduct
Gene Ontology (GO) function and Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis (21). It was
considered statistically significant when the adjusted p < 0.05.

Statistical Analysis
Statisticsanalysis inthisexperimentwasconductedbySPSS22.0and
GraphPad 8.0. Comparisons between two groups were determined
by two tailed Student’s t-test or chi-square test. The data were
expressed as mean ± standard deviation from at least three
independent experiments. The correlation of gene expression was
accessed by Pearson’s correlation coefficient. P-value < 0.05 was
taken as statistically significant and “ns” representedP-value≥ 0.05;
“*” represented P-value < 0.05, and “**” represented P-value < 0.01.
RESULT

ITM2A Was Decreased in Breast Cancer
and Positively Associated With Favorable
Survival
First, we analyzed ITM2A expression in collected specimens and
found that ITM2A was decreased in breast cancer compared to
normal tissues (Figure 1A). The down regulation of ITM2A in
Frontiers in Oncology | www.frontiersin.org 4
breast cancer tissues was further verified in GEO and TCGA
datasets (Figures 1B, C). This result was square with the research
performed by Cefan Zhou et al. (22). Additionally, ITM2A was
observed to be decreased in acute myeloid leukemia (23), cervical
cancer (24), and ovarian cancer (25). Based on the TIMER
database, there were more than 10 types of cancer with lower
expression of ITM2A (Supplementary Figure 1). We then
evaluated the prognostic value of ITM2A mRNA in patients
with breast cancer. It was proved that patients with increased
ITM2A had longer overall survival (OS) (HR = 0.57 [0.46–0.71],
Log-rank P = 2.4×10-7) (Figure 1D), disease free survival (DFS)
(HR = 0.67 [0.60–0.75], Log-rank P = 1.3×10-12) (Figure 1E),
and distant metastasis free survival (DMFS) (HR = 0.64 [0.53–
0.78], Log-rank P = 8.1×10-6) (Figure 1F). PrognoScan is a
database for met-analysis of the prognostic value of genes (26). In
PrognoScan, high expression of ITM2A in BC was found to be
associated with longer relapse free survival (RFS), disease specific
survival (DSS), as well as OS and DMFS (Table 1). Collectively,
we found that ITM2A was positively associated with
favorable survival.

ITM2A Inhibited Migration and Promoted
Apoptosis of Breast Cancer Cells
To get an in-depth understanding of the role of ITM2A in the
tumorigenicity of breast cancer, plasmid encoding ITM2A (OE-
ITM2A) or empty vector was transfected into two frequently
used breast cancer cell lines: MCF-7 and MDA-MB-231 cells.
Overexpression of ITM2A by OE-ITM2A transfection was
validated by qRT-PCR (Figure 2A) and immunoblotting
(Figure 2B). Meanwhile, ITM2A overexpressed cells had a
reduced capacity to immigrate and invade (Figures 2C, E).
Moreover, we observed a higher apoptosis rate in OE-ITM2A
transfected cells than in empty vector transfected cells using
FASC (Figures 2D, F). Our findings demonstrated that ITM2A
could inhibit the migration and invasion of breast cancer cells. At
the same time ITM2A had the ability to promote apoptosis in
breast cancer cells.

Overexpression of ITM2A Decreased the
Proliferation of Breast Cancer In Vitro and
In Vivo
To validate the inhibitory proliferation in breast cancer cells with
ITM2A overexpression in the long term, we then seeded cells
transfected with plasmid into 6-well plates and counted the
number of clones 14 days later. It was proved that both MCF-7
and MDA-MB-231 formed fewer clones when OE-ITM2A was
transfected (Figures 3A, B). Meanwhile, cell viability assays showed
that proliferation of breast cancer cells was significantly attenuated
after OE-ITM2A transfection (Figures 3C, D) at 72 hours. To
explore how the ITM2A expression influence the breast cancer
growth in vivo, we then planted MCF-7 cells that transfected with
OE-ITM2A or empty vector under axilla of female BALB/c null
mice. Those mice did not receive any treatments and were sacrificed
20 days later. It was proved that ITM2A overexpressed tumors were
notably smaller than ITM2A normally expressed tumor with
respect to MRI test and tumor size (Figures 3E–G). These results,
February 2021 | Volume 10 | Article 581733

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. ITM2A With PD-L1 in BC
in summary, demonstrated that ITM2A could impair the
proliferation of breast cancer in vitro and in vivo.

Overexpression of ITM2A Induced
Immunity Relate Responses
In order to understand the biological role of ITM2A in breast
cancer cells, we performed RNA sequencing (RNA-seq) on
Frontiers in Oncology | www.frontiersin.org 5
MCF-7 cells that transfected with OE-ITM2A plasmid or
vectors. The differentially expressed genes (DEGs) were derived
(Supplementary Figure 2) and then mapped to GO terms and
KEGG pathways. The most DEGs that map to GO terms were
chemokine and interleukin, such as CCL3, CXCL8, IL24, and
TNF (Figure 4A), which indicated a pro-inflammatory effects
(27, 28). Consistent to these genes, the top ranked GO terms
A B C

D E F

FIGURE 1 | ITM2A was down-regulated in breast cancer and positively associated with favorable outcomes. (A) Comparison of ITM2A expression in breast cancer
tissues with that of paired adjacent normal tissues. (B) Boxplot showing expression level of ITM2A in cancer tissues and normal tissues in the breast profile
GSE29431 and GSE61304. (C) Comparison of ITM2A expression in cancer tissues with that of paired adjacent normal tissues in the breast TCGA dataset. (D-F)
Kaplan-Meier survival curves depicting the OS (D), RFS (E), and DMFS (F) of patients with breast cancer stratified by ITM2A mRNA levels. ***p < 0.001. OS, overall
survival; RFS, relapse free survival; DMFS, distant metastasis free survival.
TABLE 1 | Survival analysis of ITM2A mRNA in breast cancer patients (the PrognoScan database).

Dataset Endpoint Probe ID Number COX P-value HR [95% CI-low CI-up]

GSE19615 DMFS 202747_s_at 115 0.0342 0.39 [0.16–0.93]
GSE19615 DMFS 202746_at 115 0.0166 0.43 [0.22–0.86]
GSE11121 DMFS 202747_s_at 200 0.0370 0.70 [0.51–0.98]
GSE11121 DMFS 202746_at 200 0.0080 0.57 [0.37–0.86]
GSE2034 DMFS 202747_s_at 286 0.0042 0.75 [0.62–0.91]
GSE2034 DMFS 202746_at 286 0.0241 0.75 [0.58–0.96]
GSE1456 RFS 202747_s_at 159 0.0050 0.66 [0.49–0.88]
GSE1456 OS 202746_at 159 0.0005 0.40 [0.26–0.62]
GSE1456 DSS 202747_s_at 159 0.0031 0.60 [0.43–0.84]
GSE1456 OS 202747_s_at 159 0.0017 0.63 [0.47–0.84]
GSE1456 RFS 202746_at 159 0.0001 0.43 [0.28–0.66]
GSE1456 DSS 202746_at 159 0.0001 0.37 [0.22–0.62]
GSE3494 DSS 202746_at 236 0.0361 0.68 [0.47–0.98]
GSE3494 DSS 202747_s_at 236 0.0266 0.74 [0.57–0.97]
GSE49226 DFS 202747_s_at 249 0.0433 0.80 [0.65–0.99]
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concentrated on cell chemotaxis (Figure 4A). When matched
with KEGG pathway, the DEGs enriched in immunity related
response (Figure 4B). The top three ranked pathways were
cytokine-cytokine receptor interaction, NF-Kappa B signaling
pathway, and viral protein interaction with cytokine and
cytokine receptor. Additionally, GSEA analysis implied ITM2A
was active in immunity related pathways (Supplementary
Figure 3). To our knowledge the association between ITM2A
and immunity response in breast cancer has never been reported.
Thus, we focused on the role of ITM2A in breast cancer on
context of immunity.

ITM2A Increased PD-L1 Expression in
Breast Cancer Cells
Anti-PD-L1 therapy has been approved in TNBC treatment and
PD-L1 expression levels were related to clinical response to these
therapies (8). In addition, some evidence demonstrated other
Frontiers in Oncology | www.frontiersin.org 6
signaling roles of the PD-L1 molecule, including pro-survival,
reducing mTOR activity, and glycolytic metabolism (29). We
then explored if the ITM2A expression is associated with PD-L1
expression. Analysis based on the TIMER database revealed a
positive correlation between ITM2A and PD-L1 in lumina and
basal subtypes (Figure 5A). In addition, this correlation was
verified by qRT-PCR, which quantified the relative expression
levels of ITM2A and PD-L1 of 24 breast cancer specimens
(Figure 5B). Furthermore, ITM2A could significantly
upregulate the PD-L1 expression in both MCF-7 and MDA-
MB-231 cel l s (Figures 5C, D) , a long with PD-L2
(Supplementary Figures 4A, B) and B7-H3 (Supplementary
Figures 4C, D). PD-L2 is the second ligand for PD-1 and was
reported to be associated with PD-L1 expression in melanoma,
lung, and kidney cancer (30). Those results demonstrated that
ITM2A could upregulate PD-L1, PD-L2, and B7-H3 expression
in breast cancer cells.
A B

C D

E F

FIGURE 2 | Overexpression of ITM2A inhibited migration and promoted apoptosis of breast cancer cells. MCF-7 and MAD-MB-231 cells were transfected with the indicated
plasmid. qRT-PCR (A) and immunoblotting (B) were used to test ITM2A expression in mRNA and protein levels 48 hours after transfection. (C, E) Migration and invasion
assay in MDA-MB-231 cells. (D, F) Apoptosis rate in MCF-7 and MDA-MB-231 cells 48 hours after transfection. *p < 0.05, **p < 0.01.
February 2021 | Volume 10 | Article 581733
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ITM2A Expression Was Positively
Correlated With TILs Quantity
The TILs have been considered as reliable biomarkers to predict
breast cancer patients’ response to chemotherapy, aswell as ICB (31,
32). Above results indicated the correlation between ITM2A and
immunity response, aswell as PD-L1 expression.We then examined
if the ITM2A could predict the TILs intensity. The correlation
between ITM2A expression and six TILs types (B cells, CD8+ cells,
CD4+ cells, macrophage, neutrophil, and dendritic cell) were
analyzed based on TIMER database. A positive correlation ranged
from intermediate to high between ITM2A and CD8+ T cells was
frequently observed over all subtypes of breast cancer (Figures 6A–
D). The similar results were found in another five common cancer
types, including lung adenocarcinoma (SupplementaryFigure 5A),
lung squamous cell carcinoma (Supplementary Figure 5B),
Frontiers in Oncology | www.frontiersin.org 7
colon adenocarcinoma (Supplementary Figure 5C), head and
neck cancer (Supplementary Figure 5D), and prostate
adenocarcinoma (Supplementary Figure 4E).
DISCUSSION

Before this study, there were a handful of studies that investigated
the functions of ITM2A in tumor. A previous study found that
ITM2A could inhibit ovarian cancer growth and induce G2/M cell
cycle arrest, indicating that ITM2Awas a novel tumor suppressor in
ovarian cancer (25). Another study demonstrated that ITM2A
inhibited breast cancer cells growth via enhancing autophagy
induction through a mTOR-dependent manner (22). In this
study, we explored the roles that ITM2A played in breast cancer.
A

C D

E F

G

B

FIGURE 3 | ITM2A overexpression decreased proliferation of breast cancer in vitro and vivo. (A, B) Clone formation was stained with crystal violet 14 days after
seeded. (C, D) Growth curves of MCF-7 (left) and MDA-MB-231 cells (right) transfected with the indicated plasmid were measured by CCK-8 assay. (E-G) ITM2A
expression inhibited the proliferation of breast cancer cells in vivo. (E) Photographs of dissected tumors from sacrificed mice. (F) Growth curves of indicated tumors
in BALB/c null mice. (G) Representative images of enhanced MRI in transverse section. “L” represents the major tumor axis and “W” represents the minor tumor
axis. *p < 0.05, **p < 0.01.
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It was confirmed that ITM2A was decreased in breast cancer
tissues. ITM2A inhibited breast cancer cells growth in vitro and
in vivo, and reduced the aggressivity of breast cancer via impairing
its immigratory and invading capacity. We also found that high
expression of ITM2A was associated with a longer OS and RFS, etc.
However, ITM2B or ITM2C expression has no correlation with OS
and PFS of patients with breast cancer (data not shown). With
studies that reported that loss of ITM2A was a poor OS factor of
cervical cancer (33), hepatocellular carcinoma (34), and acute
myeloid leukemia (23), together with the fact that ITM2A has
been observed to significantly decrease in those carcinoma types, we
implied that ITM2A might be a novel tumor suppressor in those
carcinomas that included breast cancer. Consistent to this point,
our study demonstrated that upregulation of ITM2A reduced the
aggressivity of breast cancer cells. Also, we found that ITM2A was
correlated with immune response. Additionally, it was observed
that ITM2A not only positively correlated with intensity of TILs
Frontiers in Oncology | www.frontiersin.org 8
and PD-L1 expression but also stimulated expression of PD-L1,
PD-L2, and B7-H3 in breast cancer cells.

It is contentious to consider how critical the ITM2A is for the
development of T effector cells (T effs). Tzong-Shyuan Tai et al.
demonstrated that ITM2A plays a minimal role in development
of T cells. On the other hand, other studies reported that
overexpression of ITM2A in murine thymocytes resulted in a
partial downregulation of CD8 in the CD4+CD8+ double
positive thymocytes (35). What’s more, a study reported that
ITM2A might be a susceptibility gene for graves’ disease (GD) in
the Xq21.1 locus, strengthening the role of ITM2A in the
immune system. This provoked our concentration on the
association between ITM2A and tumor immunity in breast
cancer. On the one hand, existing evidence demonstrated an
association between ITM2A and immunity although this
association was unclear. On the other hand, ITM2A is
probably closely related to TILs and shapes the tumor
A

B

FIGURE 4 | Overexpression of ITM2A induced immunity related response. (A) DEGs were derived based on RNA-seq data on MCF-7 cells that overexpressed
ITM2A. Then the DEGs were mapped to GO terms and the top 10 ranked GO terms are showed. (B) The top-10 ranked KEGG pathways in which DEGs enriched.
DEGs, differentially expressed genes; RNA-seq, RNA-sequencing; GO, gene ontology.
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microenvironment, which influences patients’ outcomes and
treatment strategy once it is proved to play roles in T cells
development. There are abundant studies showing that TILs can
provide prognostic value for patients with breast cancer. For
Frontiers in Oncology | www.frontiersin.org 9
example, a pooled analysis of 3,771 patients treated with
neoadjuvant therapy evaluated the correlation between TILs
and prognosis in different subtypes of breast cancer. It was
proved that increased TILs were associated with longer DFS in
A B

C D

FIGURE 5 | ITM2A increased PD-L1 expression in breast cancer cells. (A) Correlations between PD-L1 and ITM2A expression in lumina breast cancer (left) and basal
breast cancer (right) based on TIMER database. (B) Correlation between PD-L1 and ITM2A expression in collected 24 breast cancer specimens. (C, D) MCF-7 and MDA-
MB-231 cells were transfected with indicated plasmid. PD-L1 expression in these cells 48 hours after transfection was tested by flow cytometric analysis. ***p < 0.001.
A

B

C

D

FIGURE 6 | ITM2A expression was positively correlated with TILs quantity. Correlations between ITM2A expression and six TILs types in breast cancer were
evaluated based on TIMER database. Analysis in all subtypes of BC (A), basal (B), HER-2 (C), and luminal subtypes (D).
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TNBC and HER2-positive breast cancer, longer OS in TNBC,
and shorter OS in luminal B tumors (36). Our study
demonstrated the positive correlation between ITM2A
expression and TILs in breast cancer. Additionally, TILs and
PD-L1 are helpful to choose patients who will receive more
benefits from anti-PD-1/PD-L1 therapy. Patients with breast
cancer that has over 1% cells stained with anti-PD-L1 antibody
have higher rate of pRC than patients who expressed less than
1% anti-PD-L1 stained cells (8). Thus, we evaluated the relevance
between ITM2A and TILs and PD-L1 expression based on
TIMER. Importantly, we confirmed that ITM2A could
stimulate PD-L1 expression in breast cancer cells. Collectively,
high expression of ITM2A in breast cancer was accompanied
with high intensity of TILs and abundant PD-L1 expression. This
work provokes further study about predictive value of ITM2A in
patients when they receive ICB treatments.

There are many limits in our study. We evaluated the
correlations between ITM2A expression and TILs basing on a
single database without verification. We did not explore the
mechanism that ITM2A overexpression upregulates the PD-L1
expression. Those questions remain to be answered in
further study.
CONCLUSION

In summary, we found that ITM2A played a tumor suppressor role
in breast cancer aggressivity, and had favorable effects on outcomes
of patients with breast cancer. Meanwhile, ITM2A induced PD-L1
expression in breast cancer cells while accompanied with higher
TILs numbers in the tumor microenvironment.
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Supplementary Figure 1 | ITM2A expression levels in different cancers. ITM2A
expression levels in different human cancers from TCGA database were shown by
TIMER database. **p < 0.01, ***p < 0.001. TCGA, the Cancer Genome Atlas;
TIMER, the Tumor Immune Estimation Resource.

Supplementary Figure 2 | DEGs between MCF-7 cells that overexpressed
ITM2A and expressed ITM2A normally. Volcano plot shows the 511 up-regulated
genes (red) and 190 down-regulated genes (green) in ITM2A overexpression MCF-7
cells (A). Heatmap of DEGs (B).

Supplementary Figure 3 | GSEA analysis implied ITM2A was active in immunity
related response. GSEA was performed on RNA-Seq profiles of 1,053 breast
cancer stratified by ITM2A mRNA expression levels and the top-10 ranked KEGG
pathways were showed. GSEA, Gene Set Enrichment Analysis.

Supplementary Figure 4 | ITM2A increased PD-L2 and B7-H3 expression in
breast cancer cells. MCF-7 and MDA-MB-231 cells were transfected with indicated
plasmid. PD-L2 (A, B) and B7-H3 (C, D) expression in these cells 48 hours after
transfection were tested by flow cytometric analysis. ***p < 0.001.

Supplementary Figure 5 | ITM2A expression was positively correlated with TILs
quantity across common cancers. TIMER database was used to assess the
correlation between ITM2A expression and six types of TILs enrichment cross five
common cancers. TIMER analysis in lung adenocarcinoma (A), lung squamous cell
carcinoma (B), colon adenocarcinoma (C), head and neck cancer (D), and prostate
adenocarcinoma (E). TIMER, the Tumor Immune Estimation Resource; TILs, tumor
infiltration lymphocytes.
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