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Abstract: Phosphatidylinositol transfer protein membrane-associated 1 (PITPNM1) contains a highly
conserved phosphatidylinositol transfer domain which is involved in phosphoinositide trafficking
and signaling transduction under physiological conditions. However, the functional role of PITPNM1
in cancer progression remains unknown. Here, by integrating datasets of The Cancer Genome Atlas
(TCGA) and Molecular Taxonomy of Breast Cancer (METABRIC), we found that the expression
of PITPNM1 is much higher in breast cancer tissues than in normal breast tissues, and a high
expression of PITPNMI1 predicts a poor prognosis for breast cancer patients. Through gene set
variation analysis (GSEA) and gene ontology (GO) analysis, we found PITPNM1 is mainly associated
with carcinogenesis and cell-to-cell signaling ontology. Silencing of PITPNM], in vitro, significantly
abrogates proliferation and colony formation of breast cancer cells. Collectively, PITPNM1 is an
important prognostic indicator and a potential therapeutic target for breast cancer.

Keywords: breast cancer; PITPNMI; proliferation; metastasis

1. Introduction

According to the 2020 cancer epidemiology statistics, breast cancer is the most common
cancer worldwide among women with an estimated 2.3 million newly diagnosed cases [1,2].
Breast cancer becomes a major public health problem worldwide. Thus, uncovering new
molecular mechanisms which are involved in the progression of breast cancer is of great
clinical significance.

PITPNM1 (Phosphatidylinositol Transfer Protein Membrane Associated 1), also known
as NIR2 (Pyk2 N-terminal domain-interacting receptor 2) and RDGB1 (Retinal Degenera-
tion B Alpha 1), belongs to the subfamily of membrane-associated phosphatidylinositol
transfer domain-containing proteins. PITPNM1 shares homology with Drosophila retina
degeneration B (rdgB) protein [3-5]. PITPNM1, PITPNM2, and PITPNM3 were first found
to be expressed in the retina and brain [6,7]. The genetic analysis of a small cohort of pa-
tients with autosomal dominant retinal dystrophy reveals that a point mutation ¢.1878G>C
(p-Q626H) of PITPNM1’s homology, PITPNM3, will lead to retinal dystrophy disease [8].
These findings suggest that PITPNM1 might play a functional role in the phototransduction
pathway and PITPNM1is considered as a candidate gene for human retina diseases. Recent
studies suggest PITPNM1 can also be expressed in hair cells, adipose-derived stem cells,
and hearing cells [9-11]. These studies, collectively, suggest that PITPNMI1 plays a complex
role in normal cells. Interestingly, cancer cells seem to hijack PITPNM1 to support their
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progression. It is reported that PITPNMI1 is expressed in breast cancer cells and PITPNM1
promotes breast cancer migration, invasion, and epithelial-mesenchymal-transition (EMT)
by activating the PI3K-AKT signaling pathway. These indicate that PITPNM1 potentially
regulates the complex steps of cancer progression [12,13]. However, little attention has
been drawn to PITPNMI1 and its involvement in cancer progression. To reveal the interplay
between PITPNM1 and the hallmark events of breast cancer, we performed data mining in
The Cancer Genome Atlas (TCGA) and Molecular Taxonomy of Breast Cancer (METABRIC)
to explore the association between the expression of PITPNMI1 and clinicopathological
data. Moreover, we carried out a series of in vitro tests by silencing PITPNM1 to determine
whether PITPNM1 regulates breast cancer proliferation or not. Our results indicate that
PITPNM1 plays an oncogenic role in breast cancer.

2. Materials and Methods
2.1. Cell Culture

Human breast cancer cell lines including SKBR3, MDA-MB-468, BT549, MDA-MB-
231, T47D, ZR75-1, MCF-7, and BT474 were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). All cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) (Gibco, Life Technologies, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum under 5% CO; at 37 °C. All cells were confirmed by short
tandem repeat DNA profiling and passaged for less than 6 months.

2.2. SiRNA Transfection

Breast cancer cells (5 x 10 per well) were seeded in a 6-well plate. Cells were cul-
tured and transfected from 30-50% confluence. Two siRNAs targeting different sites of
PITPNMI1 (si-PITPNM1-1, sense: 5-GCGGGCAAUACACACACAATT-3/, anti-sense: 5'-
UUGUGUGUGUAUUGCCCGCTT-3’; si-PITPNM1-2, sense: 5'-GGAGAAAUUCUCCAUU
GAATT-3, anti-sense: 5-UUCAAUGGAGAAUUUCUCCTT-3/, Genepharma, Shanghai,
China) were, respectively, suspended in Opti-MEM and mixed with lipo3000. The mixture
was added to plates and cultured for 48 h. After transfection, cells were harvested for
further experiments.

2.3. CCKS8 Cell Counting Assay

The CCK8 assay was used to assess the proliferation ability of cells. Cells (3 x 103 per
well for MDA-MB-231, 5 x 10% per well for MCF-7 and SKBR3) were seeded in 96-well
plates, incubated, and tested with CCK8. The CCKS8 assay was tested daily for MDA-MB-
231 cells and every other day for MCF-7 and SKBR3 cells. CCK8 reagent was added in a
culture medium and incubated at 5% CO, at 37 °C for 1 h. Absorbance was measured by
the TCAN plate reader (TECAN Spark 10M, Tecan Group Ltd., Ziirich, Switzerland) at
450 nm. Data represent the mean of three independent experiments.

2.4. Colony Formation Assay

Cells were harvested after transfection, 1 x 10° to 2 x 102 cells were seeded in 6-well
plates and cultured at 5% CO, at 37 °C for at least two weeks. After incubation, cells were
fixed with 4% formaldehyde and stained with crystal violet. Data represent the mean of
three independent experiments.

2.5. RNA Isolation and Real-Time Quantitative PCR

Total RNA was extracted using the RNA extraction kit (RC112-01, Vazyme, Nanjing,
China) according to the manufacturer’s protocol. Total RNA was used to synthesize com-
plementary DNA (cDNA) through RNA reverse transcriptional reagents (Vazyme, Nanjing,
China). Real-time quantitative PCR (qPCR) was performed by using SYBR green reagent
(Vazyme, Nanjing, China) according to the manufacturer’s protocol. The relative expres-
sion of genes was normalized to ACTB and calculated by the 2-22Ct method. Primers are
listed as follows: ACTB sense: 5'-AGCGGGAAATCGTGCGTGAC-3/, ACTB anti-sense: 5'-
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CAGGAAGGAAGGCTGGAAGAGT-3'; PITPNM1 sense: 5-GAGGAGTCTAGTGGTGAG
GGC-3, anti-sense: 5 -TTCGGGTGTAGGGGTAGGC-3'.

2.6. Data Extraction and Bioinformatics Analysis

The transcriptome data of the gene count matrix was downloaded from the TCGA
data portal (https://portal.gdc.cancer.gov/, accessed on 8 March 2020). The METABRIC
datasets were downloaded from cBioPortal (http://www.cbioportal.org/, accessed on
13 February 2021).The Broad Institute Cancer Cell Line Encyclopedia (CCLE) datasets were
downloaded from the official website (https:/ /portals.broadinstitute.org/ccle, accessed on
8 May 2020). Estrogen receptor (ER) and progesterone receptor (PR) status were determined
by immunohistochemistry. Human epidermal growth factor receptor 2 (HER2) status was
determined by immunohistochemistry and/or fluorescence in situ hybridization (FISH).
The survival data of the TCGA breast cancer cohort were downloaded from the TCGA
Pan-Cancer Clinical Data Resource. Survival analysis was performed by website tools
(Kaplan-Meier plotter, http://kmplot.com/analysis/, accessed on 10 November 2020;
bc-GenExMiner, http:/ /begenex.ico.unicancer.fr/BC-GEM/, accessed on 23 April 2021).
Differentially expressed genes were analyzed by DESeq2. The gene ontology of genes
differentially expressed in the high PITPNM1 group and the low PITPNM1 group was
analyzed by DAVID and gene set variation analysis (GSEA) [14,15]. Immune infiltration
scores were analyzed by the CIBERSORTx website portal (https://cibersortx.stanford.edu/,
accessed on 29 February 2021) [16].

2.7. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistical 25 and R Studio v5. The
log2FC > 1.5 and p < 0.05 or log2FC < —1.5 and p < 0.05 were characterized as differentially
expressed genes. A two-tail student t-test and two-tail one-way ANOVA with Tukey’s
post hoc test were used to determine statistical significance between groups. K-M survival
analysis was used to determine the prognosis of the high PITPNM1 and the low PITPNM1
groups with the higher quartile regarded as the cut-off value and their significance was
calculated by the log-rank test.

3. Results
3.1. PITPNM1 Is Significantly Higher in Breast Cancer and Correlates with Poor Prognosis in
Patients with Breast Cancer

We extracted two large-scale transcriptome datasets of breast cancer to determine the
expression of PITPNM1. The mRNA of PITPNM1 of TCGA breast cancer samples was
significantly higher in triple-negative cancer (TNBC, 1.64-fold, p < 0.0001, n = 160) as well
as HER?2 over-expression in breast cancer (1.99-fold, p < 0.0001, n = 33) and luminal A/B
(1.55-fold, p < 0.0001, n = 711), compared to normal breast tissue (n = 113, Figure 1A). In
breast cancer tissues of the TCGA datasets, the expression of PITPNM!1 barely correlates
with the breast cancer stage, ER status (p > 0.05), PR status (p > 0.05) or HER2 status
(p > 0.05, Figure 1B,C). In METABRIC datasets, the expression of PITPNML1 in breast tissues
is consistent with that seen in the TCGA datasets. The expression of PITPNM1 in TNBC
(1.48-fold, p < 0.0001, n = 299), HER2 over-expression in breast cancer tissues (1.59-fold,
p <0.0001, n = 127), and luminal A/B (1.25-fold, p < 0.0001, n = 1464) is higher than that in
normal breast tissues (1 = 147, Figure 1D). The expression of PITPNM1 in stage 3 (p < 0.05)
and stage 4 (p < 0.05) breast cancers is significantly higher than in stage 1 (Figure 1E).
Compared with other subtypes, the level of PITPNM1 was higher in the ER-negative group,
PR-negative group, and HER2-positive group (Figure 1F). Since PITPNM1 is much higher
in breast cancer tissues than in normal breast tissues, we further explored the prognostic
role of PITPNM1. By using the higher quartile, we separated breast cancer patients into
two groups: the high expression group and the low expression group. We found high
levels of PITPNM1 marginally associated with short disease-free survival (DFS) in the
TCGA cohort (log-rank p = 0.1075), but not significantly correlated with overall survival
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(OS, Figure 1G). To further confirm whether high levels of PITPNM!1 are associated with
poor prognosis, three other independent cohorts of breast cancer patients were separated
into two groups by the higher quartile, respectively. We found that higher expression of
PITPNM1 was associated with poor OS in the METABRIC, SCAN-B, and Kaplan—-Meier

Plotter cohort (Figure 1H-J).
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Figure 1. Prognostic value of PITPNML1 in breast cancer. (A) The expression of PITPNMI1 in different molecular subtypes
of breast cancer of TCGA cohort. Triple-negative cancer, TNBC, n = 160; human epidermal growth factor receptor 2
over-expression, HER2+, n = 33; luminal A/B, n = 711; normal breast tissue n = 113. **** p < 0.0001. (B) The expression of
PITPNMI in different stages of breast cancer of TCGA cohort. (C) The association of PITPNM1 with estrogen receptor (ER)
status, progesterone receptor (PR) status, and HER2 status in TCGA cohort. n.s., not significant, p > 0.05. (D) The expression
of PITPNMI1 in different molecular subtypes of breast cancer of METABRIC cohort. TNBC, n = 299; HER2+, n = 127; luminal
A/B, n = 1464; normal breast tissue n = 147. **** p < 0.0001. (E) The expression of PITPNM!1 in different stages of breast
cancer of METABRIC cohort. n.s., not significant, p > 0.05; * p < 0.05. (F) The association of PITPNM1 with estrogen receptor
(ER) status, progesterone receptor (PR) status, and HER2 status in METABRIC cohort. **** p < 0.0001. (G) The prognosis
of PITPNM1 in TCGA breast cancer cohort. Disease-free survival time, DFS; overall survival, OS. (H) The prognosis of
PITPNM1 in METABRIC cohort. (I) The prognosis of PITPNM1 in SCAN-B cohort. (J) The prognosis of PITPNM1 in
Kaplan-Meier cohort.
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3.2. PITPNM!1 Owver-Expression Is Associated with Carcinogenesis Gene Ontology and Pathway

Since high expression of PITPNM1 predicts poor OS of patients with breast cancer
as shown earlier, PITPNM1 could potentially promote breast cancer progression. In order
to explore the potential molecular mechanisms underlying carcinogenesis of PITPNM1
in breast cancer, we employed GO term analysis, KEGG analysis, and GSEA analysis to
determine the enrichment of cancer-related processes in the high PITPNM1 group and
the low PITPNM1 group. Firstly, we analyzed the differentially expressed genes between
the high PITPNM1 group and the low PITPNM1 group, defined by the higher quartile
in the TCGA BRCA cohort. A total of 4543 differentially expressed genes were identified
(Figure 2A, Supplementary Table S1).Through KEGG pathway analysis, we found that up-
regulated genes in the high PITPNM1 group are mainly enriched in immune pathways such
as: the T cell receptor signaling pathway, rheumatoid arthritis, primary immunodeficiency,
and NK cell-mediated cytotoxicity, and cancer-related signaling pathways such as the NF-
kappa B signaling pathway, the Jak-STAT signaling pathway, the chemokine signaling and
cell adhesion molecules (Figure 2B, Supplementary Table S2). In contrast, down-regulated
genes are mainly enriched in tight junction, taste transduction, steroid hormone biogenesis,
salivary secretion, retinol metabolism, and so on (Figure 2C, Supplementary Table S3).
Gene ontology analysis indicates that up-regulated genes are enriched in immune processes
such as immune processes, inflammatory response, innate immune response, regulation of
immune response, as well as T cell co-stimulation and cancer-related biological processes
such as cell adhesion, positive regulation of cell proliferation, and cell differentiation
(Figure 2D, Supplementary Table S2). As for the cellular counterpart, these genes are
mainly enriched in the plasma membrane, the integral component of the membrane, and
the extracellular region (Figure 2D, Supplementary Table S52). Molecular functions such
as calcium ion binding, sequence-specific DNA binding, receptor binding, and so on,
are mainly enriched by up-regulated genes. Down-regulated genes are not significantly
associated with cancer progression since down-regulated genes are mainly enriched in
multicellular organism development, the transport muscle contraction, and the chemical
synaptic transmission for biological processes; the integral component of the membrane,
the extracellular region, the extracellular space for the cellular counterpart, the G protein
receptor activity, the olfactory receptor activity, actin-binding, and the structure molecule
activity for molecular function (Figure 2E, Supplementary Table S3).

To strengthen the analysis of the DAVID database, we performed GSEA, which can
reveal a great number of gene sets as well as their phenotypes enriched in the high-
PITPNM1group and the low PITPNM1 group. Interestingly, hallmarks of the T cell immune
process such as the regulation of T cell activation and the activation of T cell proliferation,
and hallmarks of cancer such as the regulation of cell-cell adhesion and the positive regu-
lation of G1/S transition of the mitotic cell cycle, cell cycle check points are significantly
enriched in the high PITPNM1 group, while negative regulation of the execution phase of
apoptosis is enriched in the low PITPNM1 group (Supplementary Table S4).The top GSEA
biological processes enriched in the high PITPNM1 group and the low PITPNM1 group
are shown in Figure 2F.

Furthermore, we used the hallmarks of gene sets (h: hallmark gene sets, GSEA) which
are gene signatures derived by many gene sets to represent well-defined biological states or
processes to explore the potential biological processes enriched in the high PITPNM1 group
as well as the low PITPNM1 group. Some cancer-related processes such as PI3K-AKT
signaling, UV response signaling, the P53 pathway, and mitotic-spindle are enriched in
the high PITPNM1 group while none of the gene sets are enriched in the low PITPNM1
group (Supplementary Table S5). The top one enrichment of GSEA (h: hallmark gene sets)
analysis of the high PITPNM1 group is shown in Figure 2G.
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Figure 2. Gene ontology, KEGG pathway, and gene set enrichment analysis between PITPNM1 high expression group and
PITPNM1 low group. (A) Volcano plot of differentially expressed genes between PITPNM1 high expression group and



Biomolecules 2021, 11, 1265

7of 11

PITPNM!1 low expression group in TCGA cohort. (B) KEGG pathway of up-regulated genes between the high PITPNM1
group and the low PITPNM1 group. (C) KEGG pathway of down-regulated genes between the high PITPNM1 group
and the low PITPNM1 group. (D) Biological process, cellular component, and molecular function ontology analysis of

up-regulated genes. (E) Biological process, cellular component, and molecular function ontology analysis of down-regulated

genes. (F) GSEA (C5 gene ontology sets) analysis of signatures of PITPNM1 high expression group and PITPNM1 low

expression group. (G) GSEA (h: hallmark gene sets) analysis of signatures of PITPNM1 high expression group and PITPNM1

low expression group.

3.3. Silencing of PITPNM!1 Inhibits Proliferation of Breast Cancer Cells

PITPNMI1 predicts the poor prognosis of breast cancer and is associated with car-
cinogenesis gene ontology. The role of PITPNML1 in breast cancer progression was further
determined. Firstly, the expression of PITPNMI1 in different breast cancer cells was ex-
plored in CCLE datasets (Figure 3A). In different molecular subtypes, the mean value
of PITPNM1 expression was much higher in HER2 over-expression and TNBC than that
in the luminal A/B subtype. To validate the expression of PITPNML1 in different breast
cancer cell lines and a non-tumorigenic immortalized breast epithelial cell, the mRNA
levels of PITPNM1 were determined in nine cell lines including HER?2 over-expression,
TNBC, luminal subtypes, and non-tumorigenic MCF-10A (Figure 3B). PITPNM1 is highly
expressed in most breast cancer cell lines. To confirm these results of transcript analyses,
the protein level of PITPNM1 was also tested. Consistent with the gPCR results, the protein
level of PITPNM1 was higher in breast cancer cell lines (Figure 3C). From the cell lines
tested, SKBR3, MDA-MB-231, MCF-7, and MCF-10A cells were chosen. Two siRNAs
targeting PITPNM1 were used to create PITPNM1-silencing cell models. Transfection with
PITPNM1 siRNAs significantly reduced its expression from 60-70% in four different cell
lines (Figure 3D). The CCKS assay indicated that the silencing of PITPNM1 significantly
inhibited MDA-MB-231 proliferation (Figure 3E). The colony formation ability of MDA-
MB-231 was decreased after PITPNM1 siRNAs transfection (Figure 3E). In addition, the
luminal subtype cancer cell line MCF7, as well as the HER2 over-expression cell line SKBR3,
showed the same response to treatment of PITPNM1 siRNAs transfection (Figure 3EG).
On the other hand, silencing PITPNM1 in non-tumorigenic MCF-10A had little impact
on cell proliferation or cell viability (Figure 3H). This indicates that PITPNM1 is essential
for breast cancer proliferation but is not required by MCF-10A. PITPNM1 is a potential
oncogene. Experiments in vitro suggest that PITPNM1 promotes breast cancer proliferation
and maintains breast cancer cell viability.

3.4. The Relationship between PITPNM1 Expression and T Cell Populations

Through GSEA analysis, we found the high PITPNM1 group can enrich T cell immune
process ontology such as T cell activation and T cell differentiation. In order to explore the
potential involvement of PITPNM1 in the T cell immune process, firstly, we calculated the
absolute abundance of T cell sub-populations in breast cancer by CIBERSORTx, which is a
confident analytical tool to estimate the abundance of member cell types in cancer micro-
environments based on bulk RNA sequencing. Activated CD4 positive memory T cells,
CD8 positive follicular helper T cells, and regulatory T cells are significantly dysregulated in
breast cancer tissues (Figure 4A). CD8 positive T cells, resting CD4 positive memory T cell,
CD4 positive naive T cells, and gamma delta T cells showed no statistical difference between
normal breast tissue and breast cancer tissue (Figure 4A). Since PITPNM1 is significantly
up-regulated in breast cancer tissue (Figure 4B), we analyzed the correlation coefficient
between PITPNM1 and the abundance of T cell sub-populations, which is significantly
dysregulated in cancer tissues. PITPNM1 is correlated with regulatory T cells (r = 0.28,
p < 0.0001, Figure 4C, Supplementary Table S3). These findings suggest PITPNM1 is
potentially involved in breast cancer progression by regulating regulatory T cell infiltration
and regulatory T cell function.
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Figure 3. Silencing of PITPNM1 inhibits breast cancer proliferation. (A) The expression of PITPNM1
in different breast cancer subtypes. (B) The expression of PITPNM!1 in breast cancer cell line validated
by qPCR. n.s., not significant, p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001; *** p < 0.0001. (C) The
expression of PITPNM1 in breast cancer cell line validated by Western Blot. (D) siRNAs transfection
efficiency validated by qPCR in four cell lines. n.s., not significant, p > 0.05, * p < 0.05; **** p < 0.0001.
(E) The proliferation ability of MDA-MB-231 determined by the CCKS assay and colony formation.
n.s., not significant, p > 0.05; * p < 0.05; *** p < 0.001; **** p < 0.0001. (F) The proliferation ability
of MCF-7 determined by the CCKS8 assay and colony formation. n.s., not significant, p > 0.05; * p
< 0.05; ** p < 0.01; **** p < 0.0001. (G) The proliferation ability of SKBR3 determined by the CCK8
assay and colony formation. n.s., not significant, p > 0.05; * p < 0.05; *** p < 0.001; **** p < 0.0001. (H)
The proliferation ability of MCF-10A determined by the CCKS8 assay and colony formation. n.s., not
significant, p > 0.05.
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Figure 4. The relationship between PITPNM1 and T cell sub-population abundance. (A) The abundance of T cell subtypes

in TCGA cohort estimated

by CIBERSORTX. t-test; n.s., not significant, p > 0.05; *** p < 0.0001. (B) The expression of

PITPNM1 in TCGA breast cancer cohort. Normal breast, n = 113; breast cancer tissue, n = 1104. **** p < 0.0001. (C) Heatmap
of Spearman correlation coefficient between PITPNM1 and T cell subtypes.

4. Discussion

In the present study, we have revealed that PITPNMI1 is associated with breast cancer
prognosis. Through bioinformatics analysis, we found that PITPNM1 is associated with the
carcinogenesis pathway and T cell immune process. The silencing of PITPNM1 inhibits the
proliferation and colony formation ability of MDA-MB-231, MCF-7, and SKBR3. Moreover,
PITPNM1 positively correlates with regulatory T cell infiltration. These results indicate that
PITPNM1 could promote breast cancer progression by regulating breast cancer proliferation
and the T cell immune process.

Previous studies have shown that PITPNM1 is an important regulator in maintaining
the normal physiological functions of cells. PITPNM1 is expressed in retinal cells, adipose-
derived stem cells, hearing cells, as well as hair cells, and is required for the normal function
of these cells [7,9,10]. The dysregulation of PITPNM1 impairs signaling transduction and
phosphatidylinositol transference, which in turn leads to abnormal functions of certain
cells. It is reported that PITPNM1 is dysregulated in tissues from hearing-loss mouse
models and Otx2 conditional knockout mice [11,17]. Moreover, PITPNM1 is regarded as
a phosphoinositide trafficking and signaling transduction regulator [18,19]. It not only
transfers phosphoinositide but also delivers phosphatidic acid between the endoplasmic
reticulum and plasma membrane [18,20]. These findings highlight the important roles of
PITPNML1 in homeostasis. However, few studies reveal the oncogenic roles of PITPNM1.

Of note, by integrating two large-scale breast cancer RNA sequence datasets, we
found PITPNM1 was over-expressed in breast cancer tissue. We also found ahigh level of
PITPNMI1 can predict poor the prognosis of breast cancer patients. These results reveal
the potential involvement of PITPNM1 in breast cancer progression. Interestingly, a recent
study has provided some evidence for this link and showedPITPNM1 can promote breast
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metastasis by regulating breast cancer migration, invasion, and epithelial-mesenchymal-
transition. The silencing of PITPNM1 will result in the impairment of migration as well
as invasion [12]. In addjition to regulating cell functions pertinent to metastasis, we found
that PITPNM!1 could regulate cell proliferation as well.

PITPNM1 was also shown to regulate the infiltration of regulatory T cells. Regulatory
T cells play a tumor-promotional role in the micro-environment since regulatory T cells
can migrate into cancer and suppress the antitumor effects of lymphocytes such as CD8
positive cytotoxic T cells [21-23]. Interestingly, through GSEA analysis, we found that
the high PITPNM1 group could enrich T cell immune process ontology such as T cell
activation and T cell differentiation. It raises the possibility that PITPNM1 potentially
promotes breast cancer progression by regulating T cell immune processes. By using a
highly confident immune abundance estimation tool, CIBERSORTXx, we analyzed T cell
subset abundance in bulk RNA sequence datasets. In addition, we found PITPNM1 was
significantly correlated with regulatory T cells infiltration but is barely correlated with
the infiltration of naive CD4 positive T cells or gamma delta T cells. Consistent with
PITPNM1'’s cancer-promotional roles, PITPNM1 promotes breast cancer progression by
regulating regulatory T cell infiltration and inhibiting antitumor T cell immune processes.

5. Conclusions

PITPNM]1, a phosphoinositide trafficking and signal transduction regulator, can pro-
mote breast cancer progression by regulating breast cancer proliferation and regulatory
T cell infiltration. Therefore, PITPNM1 is proven to be an actionable target for breast
cancer treatment.
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h: hallmark gene sets analysis of the high PITPNMIlgroup and the low PITPNM1 group in TCGA
cohort, Table S6: Correlation analysis of PITPNM1 and immune cell infiltration.

Author Contributions: Investigation, data analysis and visualization, writing—original draft prepa-
ration, Z.L. and Y.S,; investigation, data analysis, W.Y. and Q.L. (Qun Lin); investigation, writing
and editing, Q.L. (Qing Luo) and Y.C.; investigation, writing and editing, ].L. and X.E,; investigation,
methodology, supervision, writing and editing, W.G.].; conceptualization, methodology, investi-
gation, supervision, writing and editing, C.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This work is supported by the National Key R&D Program of China (2017YFC1309103
and 2017YFC1309104); the Natural Science Foundation of China (81672594, 81772836, 81872139 and
82072907); Clinical Innovation Project of Bioland Laboratory (Guangzhou Regenerative Medicine
and Health Guangdong Laboratory, 2018GZR0201004); Sun Yat-sen memorial hospital cultivation
project for clinical research (SYS-C-201805); Key Projects of The National Natural Science Foundation
of China(51861125203); Project of The Beijing Xisike Clinical Oncology Research Foundation(Y-
Roche2019/2-0078); Technology Development Program of Guangdong province(2021A0505030082);
Project of The Guangdong Provincial Key Laboratory of Malignant Tumor Epigenetics and Gene
Regulation (2020B12120600180F007).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/biom11091265/s1
https://www.mdpi.com/article/10.3390/biom11091265/s1

Biomolecules 2021, 11, 1265 11 of 11

References

1.  Sung, H,; Ferlay, ].; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: Globocan
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer |. Clin. 2021, 71, 209-249. [CrossRef]

2. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2021. CA A Cancer ]. Clin. 2021, 71, 7-33. [CrossRef] [PubMed]

3.  Trivedi, D.; Padinjat, R. Rdgb proteins: Functions in lipid homeostasis and signal transduction. Biochim. Biophys. Acta (BBA)-Mol.
Cell Biol. Lipids 2007, 1771, 692—-699. [CrossRef] [PubMed]

4. Woodard, C.; Alcorta, E.; Carlson, J. The rdgb gene of drosophila: A link between vision and olfaction. J. Neurogenet. 2007, 21,
291-305. [CrossRef] [PubMed]

5. Aikawa, Y.; Kuraoka, A.; Kondo, H.; Kawabuchi, M.; Watanabe, T. Involvement of pitpnm, a mammalian homologue of drosophila
rdgb, in phosphoinositide synthesis on golgi membranes. J. Biol. Chem. 1999, 274, 20569-20577. [CrossRef] [PubMed]

6.  Ocaka, L.; Spalluto, C.; Wilson, D.; Hunt, D.; Halford, S. Chromosomal localization, genomic organization and evolution of the
genes encoding human phosphatidylinositol transfer protein membrane-associated (pitpnm) 1, 2 and 3. Cytogenet. Genome Res.
2005, 108, 293-302. [CrossRef]

7.  Lev, S;; Hernandez, J.; Martinez, R.; Chen, A.; Plowman, G.; Schlessinger, J. Identification of a novel family of targets of pyk2
related to drosophila retinal degeneration b (rdgb) protein. Mol. Cell. Biol. 1999, 19, 2278-2288. [CrossRef] [PubMed]

8.  Reinis, A.; Golovleva, I.; Kéhn, L.; Sandgren, O. Ocular phenotype of cord5, an autosomal dominant retinal dystrophy associated
with pitpnm3 p. Q626h mutation. Acta Ophthalmol. 2013, 91, 259-266. [CrossRef]

9.  Carlisle, F; Pearson, S.; Steel, K.; Lewis, M. Pitpnm1 is expressed in hair cells during development but is not required for hearing.
Neuroscience 2013, 248, 620-625. [CrossRef]

10. Li, H,; Zhao, X.; Wen, X.; Zeng, A.; Mao, G.; Lin, R.;; Hu, S.; Liao, W.; Zhang, Z. Inhibition of mir-490-5p promotes human
adipose-derived stem cells chondrogenesis and protects chondrocytes via the pitpnm1/pi3k/akt axis. Front. Cell Dev. Biol. 2020,
8. [CrossRef]

11. Lewis, M.A,; Quint, E.; Glazier, A.M.; Fuchs, H.; de Angelis, M.H.; Langford, C.; van Dongen, S.; Abreu-Goodger, C.; Piipari,
M.; Redshaw, N. An enu-induced mutation of mir-96 associated with progressive hearing loss in mice. Nat. Genet. 2009, 41,
614-618. [CrossRef]

12. Keinan, O.; Kedan, A.; Gavert, N.; Selitrennik, M.; Kim, S.; Karn, T.; Becker, S.; Lev, S. The lipid-transfer protein nir2 enhances
epithelial-mesenchymal transition and facilitates breast cancer metastasis. J. Cell Sci. 2014, 127, 4740-4749. [CrossRef]

13. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674. [CrossRef]

14. Subramanian, A.; Tamayo, P; Mootha, V.K.; Mukherjee, S.; Ebert, B.L.; Gillette, M.A.; Paulovich, A.; Pomeroy, S.L.; Golub, T.R.;
Lander, E.S. Gene set enrichment analysis: A knowledge-based approach for interpreting genome-wide expression profiles. Proc.
Natl. Acad. Sci. USA 2005, 102, 15545-15550. [CrossRef] [PubMed]

15. Dennis, G.; Sherman, B.T.; Hosack, D.A.; Yang, J.; Gao, W.; Lane, H.C.; Lempicki, R.A. David: Database for annotation,
visualization, and integrated discovery. GenomeBiol. 2003, 4, 1-11.

16. Newman, A.M.; Steen, C.B.; Liu, C.L.; Gentles, A.].; Chaudhuri, A.A.; Scherer, E;; Khodadoust, M.S.; Esfahani, M.S.; Luca, B.A.;
Steiner, D. Determining cell type abundance and expression from bulk tissues with digital cytometry. Nat. Biotechnol. 2019, 37,
773-782. [CrossRef]

17. Omori, Y.; Katoh, K.; Sato, S.; Muranishi, Y.; Chaya, T.; Onishi, A.; Minami, T.; Fujikado, T.; Furukawa, T. Analysis of tran-
scriptional regulatory pathways of photoreceptor genes by expression profiling of the otx2-deficient retina. PLoS ONE 2011,
6, €19685. [CrossRef]

18.  Kim, Y.J.; Guzman-Hernandez, M.-L.; Wisniewski, E.; Balla, T. Phosphatidylinositol-phosphatidic acid exchange by nir2 at er-pm
contact sites maintains phosphoinositide signaling competence. Dev. Cell 2015, 33, 549-561. [CrossRef] [PubMed]

19. Leyv, S. The role of the nir/rdgb protein family in membrane trafficking and cytoskeleton remodeling. Exp. Cell Res. 2004, 297,
1-10. [CrossRef] [PubMed]

20. Chang, C.-L.; Liou, J. Phosphatidylinositol 4, 5-bisphosphate homeostasis regulated by nir2 and nir3 proteins at endoplasmic
reticulum-plasma membrane junctions. J. Biol. Chem. 2015, 290, 14289-14301. [CrossRef] [PubMed]

21. Togashi, Y.; Shitara, K.; Nishikawa, H. Regulatory t cells in cancer immunosuppression—Implications for anticancer therapy. Nat.
Rev. Clin. Oncol. 2019, 16, 356-371. [CrossRef] [PubMed]

22. Liu, Y.-N,; Zhang, H.; Zhang, L.; Cai, T.-T.; Huang, D.-J.; He, J.; Ni, H.-H.; Zhou, F-J.; Zhang, X.-S.; Li, ]. Sphingosine 1 phosphate
receptor-1 (s1pl) promotes tumor-associated regulatory t cell expansion: Leading to poor survival in bladder cancer. Cell Death
Dis. 2019, 10, 1-11. [CrossRef] [PubMed]

23. Xu, R; Wu, M;; Liu, S,; Shang, W.; Li, R.; Xu, J.; Huang, L.; Wang, FE. Glucose metabolism characteristics and tlr8-mediated

metabolic control of cd4+ treg cells in ovarian cancer cells microenvironment. Cell Death Dis. 2021, 12, 1-11.


http://doi.org/10.3322/caac.21660
http://doi.org/10.3322/caac.21654
http://www.ncbi.nlm.nih.gov/pubmed/33433946
http://doi.org/10.1016/j.bbalip.2007.04.014
http://www.ncbi.nlm.nih.gov/pubmed/17543578
http://doi.org/10.1080/01677060701695441
http://www.ncbi.nlm.nih.gov/pubmed/18161590
http://doi.org/10.1074/jbc.274.29.20569
http://www.ncbi.nlm.nih.gov/pubmed/10400687
http://doi.org/10.1159/000081519
http://doi.org/10.1128/MCB.19.3.2278
http://www.ncbi.nlm.nih.gov/pubmed/10022914
http://doi.org/10.1111/j.1755-3768.2011.02381.x
http://doi.org/10.1016/j.neuroscience.2013.06.045
http://doi.org/10.3389/fcell.2020.573221
http://doi.org/10.1038/ng.369
http://doi.org/10.1242/jcs.155721
http://doi.org/10.1016/j.cell.2011.02.013
http://doi.org/10.1073/pnas.0506580102
http://www.ncbi.nlm.nih.gov/pubmed/16199517
http://doi.org/10.1038/s41587-019-0114-2
http://doi.org/10.1371/journal.pone.0019685
http://doi.org/10.1016/j.devcel.2015.04.028
http://www.ncbi.nlm.nih.gov/pubmed/26028218
http://doi.org/10.1016/j.yexcr.2004.02.033
http://www.ncbi.nlm.nih.gov/pubmed/15194420
http://doi.org/10.1074/jbc.M114.621375
http://www.ncbi.nlm.nih.gov/pubmed/25887399
http://doi.org/10.1038/s41571-019-0175-7
http://www.ncbi.nlm.nih.gov/pubmed/30705439
http://doi.org/10.1038/s41419-018-1298-y
http://www.ncbi.nlm.nih.gov/pubmed/30718502

	Introduction 
	Materials and Methods 
	Cell Culture 
	SiRNA Transfection 
	CCK8 Cell Counting Assay 
	Colony Formation Assay 
	RNA Isolation and Real-Time Quantitative PCR 
	Data Extraction and Bioinformatics Analysis 
	Statistical Analysis 

	Results 
	PITPNM1 Is Significantly Higher in Breast Cancer and Correlates with Poor Prognosis in Patients with Breast Cancer 
	PITPNM1 Over-Expression Is Associated with Carcinogenesis Gene Ontology and Pathway 
	Silencing of PITPNM1 Inhibits Proliferation of Breast Cancer Cells 
	The Relationship between PITPNM1 Expression and T Cell Populations 

	Discussion 
	Conclusions 
	References

