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Background: The solute carrier (SLC) 7 family genes play central roles in cancer cell metabolism as
glucose and glutamate transporters. However, their expression and prognostic value in breast cancer (BC)
remains to be elucidated.

Methods: Clinical data from BC patients were downloaded from The Cancer Genome Atlas (TCGA)
and the Kaplan-Meier (KM) plotter database. The mechanisms underlying the association between SLC7A
expression and overall survival (OS) were explored using Cox regression and log-rank tests. ESTIMATE
gives a measure of the immune-cell infiltrates. Single-sample (ss) Gene Set Enrichment Analysis (GSEA) was
conducted to quantify immune cell infiltration.

Results: High SLC745 expression was associated with a poorer survival time in BC patients according
to the TCGA and KM plotter data. SLC7A44 was associated with good progression-free interval (PFI) and
disease-specific survival (DSS) according to the TCGA data. Furthermore, SLC7A44 was correlated with good
prognosis of OS, distant metastasis-free survival (DMFES), relapse-free survival (RFS), and post-progression
survival (PPS) according to the KM plotter data. SLC7A3 expression was positively associated with OS,
but was not strongly associated with PFI nor DSS in the TCGA data. However, SLC7A3 was positively
correlated with DMFS and RFS in the KM database analysis. SLC7A4 had excellent diagnostic value in BC
patients and was strongly correlated with tumor infiltration. T helper 2 (Th2) cells, CD56 bright natural
killer (NK) cells, and NK cells were the most strongly correlated with the SLC7A4 family genes, suggesting
that these genes play a crucial role in BC partly by modulating immune infiltration.

Conclusions: SLC744 and SLC7AS5 expression levels may be sensitive biomarkers for predicting BC
outcomes. SLC7A3 may be a potential diagnostic and prognostic biomarker in BC, but further studies are

warranted to verify these results.
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Introduction

Breast cancer (BC) is the most common type of cancer
in women (1). It is a heterogeneous disease with major
variations in incidence, clinical outcome, prognosis, and
response to therapy (2). There are various subtypes of BC
depending on the expression of the estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER?2), and histological grade (3). According to
global cancer data from 2020, BC has replaced lung cancer
as the most prevalent cancer worldwide, with 2.26 million
cases compared to 2.2 million cases of lung cancer for the
same year (4).

The Warburg effect is widely accepted as a common
feature of metabolic reprogramming (5). However,
accumulating evidence suggests that tumor cells depend on
aerobic glycolysis as well as mitochondrial metabolism (6,7).
Tumorigenesis depends on the reprogramming of cellular
metabolism as both direct and indirect consequences of
oncogenic mutations (8). The main nutrients consumed
by mammalian cell proliferation are glucose and Amino
acids and the conversion of glucose to lactate may help
the amino acid divide into more new cells (9). For this
reprogramming, tumor cells may regulate amino acid uptake
by modulating the level or activity of specific amino acid
transporters (10). Therefore, metabolic reprogramming
based on these transporters may be a promising therapeutic
target (11).

The SLC (Solute Carrier) series contains 65 SLC gene
families with 458 different human transporter genes (12).
SLC7A is an amino acid transporter/glycoprotein related
family which is divided into two subgroups: the cationic
amino acid transporters (the CAT family, SLC7A1-4 and
SLC7A14) and the glycoprotein-associated amino acid
transporters (the gpaAT family, SLC7A5-13) (13,14).
Most members of the CAT subfamily have functional
characteristics that promote diffuser function and mediate
the entry and outflow of cationic amino acids (15).
The gpaAT family, as known as an L-type amino acid
transporter (LATSs), is the heavy subunits and disulfide-
linked heterodimers with the catalytic transporter
subunits (16). The inhibition of solute carrier (SLC)7A5-
mediated leucine influx has been associated with the
downregulation of glycolytic metabolism, resulting in
cancer-associated metabolic reprogramming, indicating
that this molecule has a regulatory role in glycolysis
reprogramming (17,18). SLC7A1 (Cat-1) regulates the

survival of human breast cancer cell lines (19). In humans,
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moderate SLC7A3 expression has been observed in the
brain, uterus, mammary gland, and testis (20). High
SLC7AS expression is associated with poor prognosis in
different types of human cancers (21), including BC (22).
However, the functional and prognostic significance of the
other SLC7A family genes in BC remains unclear.

We hypothesized that the gene expression of the SLC74
family may be strongly associated with BC. Therefore, this
study used multiple bioinformatics databases to analyze the
expression of the SLC7A family genes in BC patients and
evaluated their prognostic value. We present the following
article in accordance with the REMARK reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-21-909/rc).

Methods
Ethics statement

All datasets were derived from public databases. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). As no patients were recruited
in our study, ethics approval was not required.

Oncomine analysis

The SLC7A family transcript levels in different cancers
were downloaded from the Oncomine website (https://
www.oncomine.org/resource/login.html) and analyzed
using Student’s #-test. A P value <0.01 and a fold change
>2.0 were used as cutoff values.

Gene Expression Profiling Interactive Analysis (GEPLA)
dataset

The correlation between the expression of the SLC74
family genes and the clinicopathological stages of patients
and tumors were analyzed using the GEPIA (http://gepia.
cancer-pku.cn/), web-based tool. Provisional datasets from
TCGA and Genotype-Tissues Expression consortia were
used.

The Cancer Genome Atlas (TCGA) and the Kaplan-Meier
(KM) plotter database analyses

BC RNA-sequencing-based gene expression data (“Level _3_
HTSeq-FPKM _normalized”) and patient survival data
were downloaded from TCGA (https://portal.gdc.cancer.
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gov/). and used as the training dataset Data from the KM
plotter database was used as the test dataset. The RNA-
sequencing data were converted from fragments per
kilobase of transcript per million mapped reads (FPKM)
format to the transcripts per kilobase million mapped
reads (TPM) format using log2 (TPM+1). A total of 1062
BC samples were categorized based on median RNA-
sequencing data (I'PM). Patients were grouped into a “high”
or “low” signature expression group based on the median
signature expression score. The ggplot2 package from the
R software (version 3.6.3) was used to visualize the results.
The KM plotter database was used for validation (23,24).
Duplicate and redundant samples were removed and any
biases between arrays were excluded.

Immunobistochemistry

Tissue processing and embedding was performed by
the Department of Pathology, The Third Hospital of
Nanchang. Antigen retrieval was performed by boiling the
slides in a steamer with citrate buffer (pH 6.0, 95 °C) for
15 minutes. The 3-mm tumor sections were incubated with
a rabbit anti-SLC7AS5 antibody (1:500 dilution) and an
anti-SLC7A4 antibody (1:200 dilution) at 4 °C overnight.
Slides were then rinsed 3 times in phosphate buffered saline
(PBS) and incubated with a secondary antibody at room
temperature for 10 minutes, then counterstained with DAB
for 2 minutes, followed by hematoxylin for 40 seconds.
The above washing steps were repeated at each round of
staining. Positively stained tissues were visualized by light
microscopy (Olympus 600 auto-biochemical analyzer,
Tokyo, Japan). As an additional control, the same procedure
was performed without addition of primary antibodies.

Statistical analysis

Cox regression and survival analyses were performed
using the R survival package (v 3.2-10), and the survminer
package (version 0.4.9) was used for visualization. The
rms package (6.2-0) was used to generate a nomogram for
predicting overall survival (OS), progression-free interval
(PFI), and disease-specific survival (DSS) in BC. A formal
test of heterogeneity among subgroups was performed for
each subgroup analysis. A P value <0.05 was considered
statistically significant. Samples with missing clinical
data were excluded from the multivariable analysis and
nomograms. Prognostic data were obtained from a previous

study (25).
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Statistical analysis was performed in R (v.3.6.3),
using pROC (version 1.17.0.1) for receiver operating
characteristics (ROC) statistics and ggplot2 (v.3.3.3) for
generating figures. A ROC curve was generated to evaluate
the diagnostic performance of the SLC74 family.

Gene Set Envichment Analysis (GSEA)

The Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis and Gene Ontology (GO) analysis for
functional annotation of gene sets were performed using the
R package cluster-Profiler (26). GO functional annotations
in the categories biological process (BP), cellular
component (CC), and molecular function (MF) were used
to elucidate the biological implications of differential gene
expression. GSEA (27) was performed using C2.CP.v.7.2
gene set collections from the Molecular Signature Database
(https://www.gsea-msigdb.org/gsea/msigdb/index.jsp)
and cluster-Profiler (version 3.14.3) (26). Terms with false
discovery rate (FDR) <0.25 and P,4,,<0.05 were considered
significant.

Analysis of the correlation between immune responses and

the expression of the SLC7A family

ESTIMATE gives a measure of the immune-cell infiltrates
using RNA-sequencing data through single-sample (ss)
GSEA based on an inferred immune signature. The
algorithm calculates the relative overexpression of immune
cell types by implementing the “GSVA” function from the
GSVA package (v.1.34.0) (28) in R (v.3.6.3) with method
specification ssGSEA. Correlation analysis of immune
response and the expression of the SLC7A family genes was
performed using Spearman correlation. In total, 24 reported
immune cell markers were evaluated (29).

Results

The levels of the SLC7A family transcripts in breast
tumors

The expression of the SLC74 gene family was examined in
various cancers by comparing normal tissues with tumor
tissues using the Oncomine data (30-32) (Figure 1, Table I).
SLC7A1, SLC7A45, and SLC7A8 levels were significantly
upregulated in human BC (P<0.05). SLC7A9, SLC7A13,
and SLC7A14 were not expressed in normal breast tissues

(P<0.05), whereas SLC7A3 and SLC7A4 expression levels
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Figure 1 The levels of the SLC7A family gene transcripts in breast tumor samples using the Oncomine databases.

were substantially decreased compared to normal tissues
(P<0.001).

The correlation between the SLC7A family mRNA levels
and the clinicopathological stages of BC patients

The mRINA levels of the SLC7A family in BC and normal
breast tissues was compared using the TCGA data. SLC7A5,
SLC7A7, SLC7AS, SLC7A11, and SLC7A13 mRNA levels
were substantially higher in BC compared to normal breast
tissue (P<0.05). In addition, SLC7A1 and SLC749 mRNA
levels were significantly higher in BC tissue compared to
normal breast tissue (P<0.01). However, SLC7A43, SLC7A4,
SLC7A10, and SLC7414 mRNA levels were lower in BC
tissues compared to normal tissues (P<0.01) (Figure 2).

Using the GEPIA dataset, the correlation between the
expression of the SLC7A4 family members and BC tumor
staging was analyzed. SLC742, SLC7A4, SLC7AS5, and
SLC7AI3 were significantly positively correlated with tumor
stages, whereas the other family members did not significantly
differ in expression among tumor stages (Figure 3).

The correlation between SLC7A family mRNA levels and
improved prognosis of BC patients

"To date, only a few members of the SLC7A family have been
investigated for potential prognostic value in the TCGA

© Gland Surgery. All rights reserved.

cohort. As SLC7A12 has only been discovered in mice to
date, it was not included in the bioinformatics analysis. KM
analysis of prognosis was performed for the SLC7A4 family
members using the TCGA data. The results of the Cox
regression modeling showed that high SLC7A43 expression
could be considered a significant prognostic marker for OS
time in BC patients, with a hazard ratio (HR) of 0.59 and
log rank P of 0.001. The median survival time of patients
with high SLC7A3 expression was 131.5 months (Figure 4).
High SLC7A45 expression in BC patients indicated a poorer
survival time (HR =1.72, log rank P=0.001), and the median
follow-up for patients was 116.4 months. The other SLC7A
family members were not correlated with OS (Figure 5).
For PFI, SLC7A4 (HR =0.67, P=0.019) and SLC7A5 (HR
=1.73, P=0.001) were identified as prognostic biomarkers
(Figure 5). For DSS, SLC7A4 (HR =0.50, P=0.003) and
SLC7A5 (HR =2.31, P<0.001) were identified as prognostic
biomarkers (Figure 6).

In the KM plotter database, analysis indicated that higher
than median expression levels of SLC7A4 (HR =0.83, log
rank P=0.048) and SLC7AS5 (HR =1.64, log rank P=2.4¢-07)
were correlated with favorable OS for BC. For SLC7A3,
the result was not significant (HR =0.78, log rank P=0.65)
(Figure 74-7C).

SLC7A5 (HR =1.98, log rank P<le-16) indicated a
poorer distant metastasis-free survival (DMFS) time
in patients with BC. High expressions of SLC7A43
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Table 1 The significant differences in the expression of SLC7A transcripts in different types of breast cancer and normal breast tissues (Oncomine

database)
Gene Type of breast cancer versus normal breast tissue  Fold change P value t-test Source and/or reference
SLC7A1 Medullary breast carcinoma 2.24 1.15E-18  13.467 (30)
Intraductal cribriform breast adenocarcinoma 2.25 2.06E-5 9.58 TCGA Breast
SLC7A2 Mucinous breast carcinoma 3.017 6.82e-10 7.285 (30)
SLC7A3 NA NA NA NA NA
SLC7A4 NA NA NA NA NA
SLC7A5 Medullary breast carcinoma 7.855 5.00E-16  13.504 (30)
Invasive breast carcinoma 3.301 2.20E-7 6.984 (30)
Invasive ductal breast carcinoma 3.239 5.80E-67 24.518 (30)
Ductal breast carcinoma 3.620 1.45E-6 6.000 (81)
Invasive breast carcinoma 2.683 3.06E-15  8.797 TCGA Breast
Invasive ductal breast carcinoma 3.443 1.65E-28 14.459 TCGA Breast
SLC7A6 NA NA NA NA NA
SLC7A7 Medullary breast carcinoma 2.885 2.99E-10 8.521 (30)
Invasive breast carcinoma stroma 10.897 2.71E-12  14.008 (32)
SLC7A8 Invasive breast carcinoma stroma 4.259 1.07E-25 19.646 (32)
Mixed lobular and ductal breast carcinoma 3.448 1.55E-6 8.153 TCGA Breast
Mucinous breast carcinoma 2.323 3.15E-14  10.145 (30)
SLC7A9 NA NA NA NA NA
SLC7A10 NA NA NA NA NA
SLC7A11 Ductal breast carcinoma 2.940 4.28E-5 5.063 (81)
Invasive ductal breast carcinoma 2.943 8.06E-18  10.233 TCGA Breast
SLC7A13 NA NA NA NA NA
SLC7A14 NA NA NA NA NA

NA, not available; TCGA, The Cancer Genome Atlas.

revealed a good DMFS (HR =0.66, log rank P=0.0025)
(Figure 7D-TF).

High expressions of SLC743 (HR =0.71, log rank
P=1.1e-05) and SLC7A4 (HR =0.76, log rank P=1.7¢-07),
indicated good relapse-free survival (RFS) (Figure 7G-7I).

High SLC7A5 expression indicated a poor post-
progression survival (PPS) time (HR =1.29, log rank
P=0.032), whereas high SLC7A44 expression indicated
a good PPS time in patients with BC (HR =0.69, log
rank P=0.041, HR =0.77, log rank P=0.025, respectively)
(Figure 77-7L).

Interestingly, examination of the TCGA and KM
plotter datasets revealed that high expression of SLC744

© Gland Surgery. All rights reserved.

and SLC7A5, and possibly SLC7A43, in breast tumors is
associated with survival progression.

Thus, exploratory subgroup analyses were performed
for these 3 genes in terms of OS, PFI, and DSS, as well as
for TNM factors, menopausal status, ER status, PR status,
HER?2 status, and tumor stage. Prespecified subgroups were
compared via Cox regression analysis (Table 2). KM analyses
showed that high expression of SLC743 and SLC7A4 was
associated with better OS compared to low expression of
these genes in certain BC subgroups, including T3, 4, N1,
2, 3, and MO; stages III and IV; ER-positive; PR-positive;
and HER2-negative patients (Figure §). Moreover, in
patients with high SLC7A45 expression, the T1, 2, N1, 2, 3,
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Figure 2 The mRNA expression of the SLC7A4 family genes in breast cancer tissue and healthy breast tissue. *, statistically significant;

*** strongly significant; ns, not significant.
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GEPIA. GEPIA, Gene Expression Profiling Interactive Analysis; Stage X, Staging is unknown.
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Figure 4 An analysis of the association between the expression of the SLC74 family genes and OS in breast cancer patients using TCGA
database. OS, overall survival; TCGA, The Cancer Genome Atlas.
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Figure 5 An analysis of the association between the expression of the SLC7A family genes and PFS in breast cancer patients using TCGA

database. PFS, progression-free survival; TCGA, The Cancer Genome Atlas.
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Figure 6 An analysis of the association between the expression of the SLC74 family genes and DSS in breast cancer patients using TCGA
database. DSS, disease-specific survival; TCGA, The Cancer Genome Atlas.
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Figure 7 An analysis of the association between the expression of SLC743-5 and the prognosis of breast cancer patients using the Kaplan-
Meier plotter database, as measured by (A-C) OS; (D-F) DMEFS; (G-I) RFS; and (J-L) PPS. OS, overall survival; DMFES, distant metastasis-

free survival; RES, relapse-free survival; PPS, post-progression survival.
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Table 2 Univariate and multivariate Cox regression analysis for characteristics of breast cancer

Univariate analysis

Multivariate analysis

Characteristics Total (N)

Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value
T stage (T3 & T4 vs. T1 & T2) 1,061 1.673 (1.152-2.429) 0.007 1.288 (0.639-2.596) 0.478
N stage (N1 & N2 & N3 vs. NO) 1,045 2.145 (1.497-3.073) <0.001 1.009 (0.505-2.019) 0.979
Pathologic stage (Stage Ill & Stage IV vs. Stage 1,041 2.519 (1.787-3.549) <0.001 2.906 (1.353-6.240) 0.006
| & Stage Il)
Menopause status (post vs. pre & peri) 955 2.405 (1.445-4.002) <0.001 4.301 (2.032-9.101) <0.001
ER status (positive vs. negative) 1,014 0.704 (0.487-1.017) 0.062 0.503 (0.287-0.884) 0.017
PR status (positive vs. negative) 1,011 0.762 (0.541-1.074) 0.120
HER2 status (positive vs. negative) 705 1.611 (0.981-2.644) 0.059 1.142 (0.611-2.133) 0.677

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

and MO subgroups, the stages I and II subgroups; the ER-
positive subgroup, and the PR-positive subgroup all showed
very poor prognosis. However, there were no statistically
significant associations in the HER2 status subgroup
(Figure 8).

A nomogram integrating SLC7A43, SLC7A4, and
SLC7AS5 expression and independent clinical risk factors
(TN pathological stage, ER, PR, HER2, and menstrual
status) was constructed based on 1000 bootstrap replicates
(Figure 9). The higher the total number of points on the
nomogram, the worse the prognosis. The C-index values
were 0.820 for SLC7A3, 0.784 for SLC7A4, and 0.792 for
SLC7AS5. The deviation correction line in the calibration
plot was close to the ideal curve (i.e., a 45° line), indicating
that the prediction model outputs were in good agreement
with the observed results (Figure 9).

Furthermore, an immunohistochemical (IHC) assay was
developed to examine SLC7A4 and SLC7AS expression
in formalin-fixed BC tissue. SLC7AS expression in tumor
tissues was found to be significantly higher than that in
normal breast tissues. Conversely, SLC7A4 expression in
normal tissues was significantly higher than that in breast
tumor tissues (Figure 10).

Diagnostic value of the SLC7A family genes in BC patients

The predictive value of each SLC7A4 family member was
evaluated in BC patients based on the AUC using the
TCGA data. SLC7A410 and SLC7A414 had outstanding
diagnostic value in distinguishing BC patients from healthy
individuals (AUC 0.910 and 0.926, respectively). SLC7A3,
SLC7AS5, SLC7A8, and SLC7AI1 also showed excellent

© Gland Surgery. All rights reserved.

diagnostic value (with AUC values of 0.862, 0.828, 0.702,
and 0.769, respectively). SLC7A41, SLC7A42, SLC7A4,
SLC7A46, SLCTA7, SLC7A9, and SLC7A13 had moderate
prognostic value for distinguishing BC patients (AUC
values of 0.571, 0.509, 0.664, 0.532, 0.659, 0.566, and 0.691,
respectively) (Figure 11).

Functional envichment analysis of SLC7A family genes

GO enrichment analysis of the SLC74 genes that were
significantly differentially expressed in BC revealed various
over-represented terms in three functional groups, namely,
CC, BPs, and MF (Figure 124-12D).

In the CC category, the SLC7A4 family genes that were
upregulated in breast tumor tissues were primarily involved
in basolateral plasma membrane, brush border membrane,
brush border, cluster of actin-based cell projections,
astrocyte projection, glial cell projection, apical plasma
membrane, cell projection membrane, apical part of the
cell, and rough endoplasmic reticulum. In the BP category,
they were primarily involved in amino acid transport,
amino acid transmembrane transport, L-alpha-amino
acid transmembrane transport, L-amino acid transport,
organic acid transmembrane transport, carboxylic acid
transmembrane transport, organic acid transport, carboxylic
acid transport, and anion transmembrane transport.
According to KEGG pathways analysis, the genes were
involved in protein digestion and absorption (SLC7A47,
SLC7A9, and SLC7AS), ferroptosis (SLC7A11), and central
carbon metabolism in cancer (SLC7A45). Figure 12E shows
an interactive network of the most highly enriched terms
(colored by cluster-ID, where distinct colors indicate

Gland Surg 2022;11(2):389-411 | https://dx.doi.org/10.21037/gs-21-909
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Figure 8 Subgroup analyses examining the association between SLC74

3-5 expression and OS, PFI, and DSS in breast cancer patients. OS,

overall survival; PFI, progression-free interval; DSS, disease-specific survival.

enriched pathways).
SLC7AI and SLC7A3-5-related signaling pathways were
obtained via GSEA (Figure 13).

The correlation between SLCTA family gene expression
and immune infiltration

Although the complex interactions between solid tumors
and their microenvironment remain unclear, studies have
shown that immune infiltrates are significantly related to
the progression and prognosis of BC (33-35). A ssGSEA

© Gland Surgery. All rights reserved.

was conducted to determine the relative abundance of
various immune cell types based on expression data from
TCGA. Significant differences in relative SLC7A family
gene expression were observed between tumor and normal
tissues for immune cells (Figure 14). We found significant
correlations among SLC7A family expression levels
(Figure 15A). In addition, the correlation coefficients
between SLC7A family member expression and immune-cell
subsets were determined (Figure 15B). The results showed
that SLC7A expression levels were closely correlated to
24 immune cell markers. T helper 2 (Th2) cells, natural
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Figure 10 Validation of SLC7A4 and SLC7AS expression in breast cancer tissue by immunohistochemistry. N, normal tissue; T, tumor

tissue.

killer (NK) CD56"%" cells, and NK cells were the most
strongly correlated with SLC7A4 family genes, suggesting
that SLC7A4 family members play a role in BC by
modulating immune cell infiltration. Notably, SLC7A47
expression was strongly positively correlated with immune-
cell infiltration. Programmed cell death protein 1 (PDCD1
or PD-1) and programmed death-ligand 1 (PD-L1 or
CD274) levels were positively correlated with SLC74S5,
SLC7A6, and SLC7A7 expression (Figure 15C,15D).

Discussion

To the best of our knowledge, this study represents the
first comprehensive evaluation of various large, well-
established, and validated databases, including TCGA,
and the KM database. We systematically documented the
expression, prognostic value, relationship with immune
infiltration and functional enrichment of the SLC7A family
genes in BC. ROC analysis revealed that SLC74 family
genes have a significant diagnostic value for BC and may
play an important role in BC pathogenesis. Univariate
survival analysis demonstrated that BC patients with high

© Gland Surgery. All rights reserved.

SLC7AS5 expression had poor prognosis. In contrast, high
SLC7A3 and SLC7A44 expression were associated with good
prognosis. This data also provided a genomic explanation
for the adverse prognosis associated with specific clinical,
pathologic, and molecular features. It also confirmed that
the occurrence of BC is highly dependent on glucose
metabolism (7). Accumulating evidence suggests that
SLC7A4 members that encode amino acid and glucose
transporters may be therapeutic targets in cancers.

SLC7A1 has been suggested as a promising therapeutic
target for colorectal cancers (36), hepatoblastomas (37), BC
cell lines (19), pediatric sarcomas, and brain tumors (38).

SLC7A2 promotes the proliferation, migration, and
invasiveness of ovarian cancer cells and was thus identified
as a prognostic biomarker and potential therapeutic target
for ovarian cancer (39,40). Differential gene expression
analysis of different patient subgroups stratified based on
apoptotic caspase expression suggested that SLC742 may be
a prognostic biomarker with independent prognostic value
in BC (41-43). In our survival analysis of the KM plotter
database, significant differences were observed between
expression levels of SLC7A2 and prognosis.
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Figure 11 The diagnostic value of the SLC7A family genes for distinguishing breast cancer patients. The ROC curve and AUC were used to

assess the predictive value. ROC, receiver operating characteristic; AUC, area under the curve.
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High expression of SLC7A3, SLC7AS5, and SLC7A11
has been associated with poor prognosis in papillary
thyroid carcinoma patients (44). In addition, SLC27A4
may be a new potential therapeutic target for lung tumor
chemotherapy (45). Similarly, in our study, BC patients
with high SLC7A4 expression had better prognosis.
SLC7A5 expression is upregulated with tumor progression
and correlates with poor clinical outcomes, and thus,
has emerged as an important factor in cancer-associated
metabolic reprogramming (46-48). In HER2-negative BC,
LAT1 (SLC7A5) may serve as an important prognostic and
predictive marker and a potential therapeutic target (49),
as validated by our results. A growing body of evidence has
demonstrated that metabolic reprogramming contributes

© Gland Surgery. All rights reserved.

to the acquisition and maintenance of robustness associated
with malignancy (50,51). These findings are in line with our
results. SLC7A5 plays a role in subtype-specific activation
of immune-cell infiltration (52). mT'OR signaling regulated
by SLC7A5/SLC7A6 is a sensor of dynamic alterations in
nutrients in the tumor microenvironment (53,54).

SLC7A7 plays a critical role in the pathogenesis of
T-cell acute lymphoblastic leukemia (55). SLC7A7 variants
have been associated with the risk of glioma in a Chinese
population (56,57). SLC7AS is a prognostic biomarker in
ER-positive low-invasive BC (58).

Ferroptosis is an iron-dependent form of non-apoptotic
cell death. Upregulation of SLC7A11 expression is highly

dependent on glucose and glutamine levels, which may
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Figure 13 A GSEA for SLC7AI and SLC7A3-5. GSEA, Gene Set Enrichment Analysis.

be therapeutic targets, and are associated with ferroptosis
(59,60). In this current study, KEGG pathway analysis
revealed that SLC7AL11 is associated with ferroptosis.
Immunotherapy has been recognized as a promising
cancer treatment, and T-cell tumor infiltration has
been associated with effective immunotherapy in cancer
patients (61). High expression of T-cell and B-cell signatures
predicts improved OS in various tumor types, including
BC (CD8 T cells, HR =0.36, 95% confidence interval:

© Gland Surgery. All rights reserved.

0.16-0.81, P=0.01) (62). NK cells are an important mediator
of the anti-tumor immune response and kill malignant
cells (63). The current study demonstrated a correlation
between SLC7A family gene expression and infiltrating
immune cells. Thus, SLC745 and SLC7A7 may
provide a rationale for immunotherapy in BC patients.
The KEYNOTE-012 randomized phase Ib study
of pembrolizumab in patients with advanced triple-
negative BC suggested that the overall response rate was

Gland Surg 2022;11(2):389-411 | https://dx.doi.org/10.21037/gs-21-909



407

Gland Surgery, Vol 11, No 2 February 2022

NS g kK

ns

dkk NS kkk  kkk  kkk  kkk  kkk  kkk  kkkx NS

Hkk NS

Hkk kkk  kkk  kkk  kkk  kkk NS

— Byl

- SII®2 gyL

- SIi®d L1yl

- sIl®0 LyL

~ POL

- H4L

- wal

- wo|

I s|j@0 Jadjoy |
- s|eo |

- oad

= SII®d XN

[~ SII®d Wip 96d0 MN
- slI#2 ybug 9500 N
I snydonnaN

I s|[90 ise

|- sebeydoioepy
- oa!

I sjiydouisog
—Ood

I s||92 01X0101AD
[ Sli®d 1 8d0

- siieo g

- OQe

0.8 s

$8J00S JUsWyoUUg

-0.2 1

Kk dkk Kk Kk

ns ns ns ns

ns

Kk Kk Ak kkk NS ek kkk kkk kkk ek

*

ns ok

KAk dekk

I Boydl

[ Sli®d gyL

[ Slied Z1yL

[ Sli®d LyL

- pb1

F H4L

- wal

- wol

I s|je0 Jadjpy |
I Sli®d L

I oad

[ Sli®d YN

[ SII®d wip 96d0 MN
- slieo bug 9500 MN
I sjiydonnan

I sljeo 1sepy

I seBeydoioe|y
- oa!

I sjiydouisog

- 0d

I si182 21x030140
F siieo 1 8ao

I sjleo g

- oQe

0.8

_
. 2.0..2
S © © o© 9

$8J00S JUsWyoLUg

Kk kkk kkk kkk Kk

ns

*

Kkk kkk kkk kkk KRk kkk  kkk  kkk kK Rk

*

0.8 o *** xS

$9100S JusWYyoLUg

Boy |

SI199 gUL

SI199 LYl
S|190 1YL

pbL

H4Ll

wa|

woy

s||eo Jadjey |
sl|eo 1

oqd

SI199 MN

S|190 WIp 96d0 MN
sI199 y6ug 9500 MN
s|iydosnnaN
s|jo0 1SN
sabeydo.oey
oa!
s|iydouisog
fole]

S]|99 DIX0101AD
S||90 1 8d0
S0 g9

oqae

*
’

Figure 14 The relationship between SLC7A43-5 expression and immune infiltration in breast tumors and normal breast tissues. ns, P>0.05;

P<0.05; **, P<0.01; ***, P<0.001.
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Figure 15 A relative analysis of the SLC7A4 family genes (A) The correlation between the levels of the different SLC7A family gene

members. (B) The correlation between the expression of the SLC74 family genes and immune infiltration. (C) The correlation between the

expression of the SLC7A family genes and programmed cell death protein 1 (PDCD1 or PD-1) expression. (D) The correlation between the

expression of the SLC7A family genes and programmed death-ligand 1 (CD274 or PD-L1) expression.

18.5%, and the median time to response was 17.9 weeks
(range, 7.3-32.4 weeks) (64). Our results suggested that
SLC7A7 may be a candidate predictive biomarker for
immunotherapy efficacy and is associated with prognosis in
BC patients. SLC7A family genes in BC play an important
role in the growth and survival of cancer, making potential
new therapeutic targets. The application prospect is
potential to provide new strategies for drug discovery,
pharmacokinetics, drug delivery, drug elimination and
medically related transporters in the future.

Although our findings improve the understanding of the
relationship between the SLC7A4 family members and BC,
there were some limitations to this study. First, the data
were obtained from public databases, and although the data

© Gland Surgery. All rights reserved.

quality was uniform, it may not be completely rigorous.
The number of male patients with tumor stage M were too
small for subgroup analysis. Further experimental studies
are needed to confirm our results. Second, the specific role
of SLC7A in BC development should be comprehensively
assessed, with consideration given to broader clinical
factors. The current analyses were limited by the lack
of certain information in public databases. Third, the
correlation between SLC7A expression at the mRNA and
protein levels should be verified in cellular experiments and
clinical trials. Fourth, the precise mechanisms by which
SLC7A contributes to BC development warrants further
research.

In conclusion, this study provided some insights into the
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role of SLC7A4 in BC and identified potential diagnostic
and prognostic biomarkers. Indeed, SLC7A4S5 expression
may be a biomarker of poor prognosis in BC patients, while
high SLC7A4 expression may suggest good prognosis.
Opverall, the SLC7A family has good diagnostic efficacy in
BC. Finally, the SLC7A4 family members may be predictive
biomarkers for determining the efficacy of immunotherapy
and the prognosis of BC patients.
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