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 Background: Aberrant expression of long noncoding RNA (lncRNA) SLC26A4 antisense RNA 1 (SLC26A4-AS1) plays an impor-
tant role in some cancer types. However, the clinical significance of SLC26A4-AS1 in patients with breast can-
cer (BC) and the possible regulatory mechanisms of SLC26A4-AS1 are unclear.

 Material/Methods: Statistical analysis was used to assess the correlation between SLC26A4-AS1 expression and patients’ clinical 
characteristics. The Kaplan-Meier method and Cox regression analysis were used to assess the correlation be-
tween SLC26A4-AS1 expression and prognosis. Gene set enrichment analysis (GSEA) and immuno-infiltration 
analysis were used to investigate the possible regulatory mechanisms of SLC26A4-AS1.

 Results: Low SLC26A4-AS1 expression in BC was associated with age (P<0.001), estrogen-receptor status (P<0.001), 
PAM50 (P<0.001), and menopause status (P<0.001). Low SLC26A4-AS1 expression predicted a poorer over-
all survival (OS) (hazard ratio [HR]: 0.56; 95% confidence interval [CI]: 0.40-0.78; P=0.001) and disease-spe-
cific survival (DSS) (HR: 0.57; 95% CI: 0.37-0.88; P=0.011). Also, SLC26A4-AS1 expression (HR: 0.298; 95% CI: 
0.154-0.579; P<0.001) was independently correlated with OS in patients with BC. SLC26A4-AS1 was related to 
CYP2E1 reactions, protein export, mitochondrial_ciii_assembly, formation of adenosine triphosphate by chemi-
osmotic coupling, budding and maturation of HIV virion, cristae formation, biocarta proteasome pathway, en-
dosomal sorting complex required for transport, and histone modification. SLC26A4-AS1 expression was asso-
ciated with some types of immune infiltrating cells.

 Conclusions: SLC26A4-AS1 expression was significantly associated with poor survival and immune infiltration in patients 
with BC. It may be a promising prognostic biomarker for BC.
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Background

Breast cancer (BC) is the second leading cause of cancer death 
in women [1] with 2.1 million new cases and 627 000 deaths 
yearly, making it the most common malignancy and the sec-
ond leading cause of cancer-related deaths in women [2]. 
Although significant progress has been made in the person-
alized treatment of BC, the 5-year overall survival (OS) rate 
remains relatively low due to the heterogeneity of tumors [3]. 
Although screening for BC, such as through mammograms 
and serum tumor markers, is becoming increasingly popular, 
limited health service infrastructure is still a problem in some 
areas, hindering early diagnosis [4]. Therefore, new prognos-
tic biomarkers of BC and their molecular mechanisms need to 
be further explored.

Long noncoding RNAs (lncRNAs), RNA molecules with tran-
scripts longer than 200 nucleotides, have limited coding po-
tential [5]. They are emerging as a new class of important 
regulators of cell biological behavior and are indispensable 
players involved in tumorigenesis, progression, and metas-
tasis [6]. For easy access and detection, lncRNA can be en-
capsulated in membrane vesicles, such as exosomes and 
apoptotic bodies, or stably bound to specific proteins and 
released into body fluids, such as serum and urine [7]. The 
aberrant expression of lncRNAs is associated with the de-
velopment and progression of BC [8-10]. Therefore, screen-
ing for the lncRNAs associated with BC prognosis is impor-
tant for patients with BC.

The lncRNA SLC26A4-AS1 inhibits the ability of pancreatic can-
cer to migrate, invade, and metastasize [11]. Overexpression of 
SLC26A4-AS1 inhibits the aggressiveness of glioma cells and 
their pro-angiogenic capacity [12]. Downregulated SLC26A4-AS1 
is significantly associated with lower OS in patients with BC [13]. 
The upregulation of SLC26A4-AS1 was associated with its pro-
moter hypermethylation in BC [14]. However, the clinical signif-
icance of SLC26A4-AS1 in patients with breast cancer and the 
possible regulatory mechanisms of SLC26A4-AS1 are unclear.

The tumor microenvironment (TME) includes cellular and non-
cellular components [15]. Inflammatory cells, including neu-
trophils and myeloid-derived suppressor cells, suppress the 
beneficial immune function of TME, preventing normal im-
mune cells from attacking tumor cells and promoting tumor 
growth [16]. Infiltration of the TME by immune cells is a strate-
gy used by tumor cells to evade immune-mediated killing [17]. 
The BC TME is rich in immune infiltrates with different func-
tions [18]. However, the role of SLC26A4-AS1 in BC tumor im-
munity is unclear.

In this study, the clinical significance of SLC26A4-AS1 was an-
alyzed based on data from The Cancer Genome Atlas (TCGA) 

database, and the possible regulatory network of SLC26A4-
AS1 was investigated based on gene set enrichment analysis 
(GSEA) and immune infiltration analysis. This study may pro-
vide promising prognostic biomarkers for patients with BC.

Material and Methods

Differences in SLC26A4-AS2 Expression

For molecule SLC26A4-AS1 [ENSG00000227199], the following 
analyses were conducted as described in the literature: patient 
baseline information [19]; unpaired samples [20]; paired sam-
ples [20]; and receiver operating characteristics analysis [19].

Correlation Between SLC26A4-AS2 and Clinical 
Characteristics

Analysis of clinical relevance for molecule SLC26A4-AS1 was 
performed as described in the literature [20]. The clinical vari-
ables included were age, progesterone-receptor (PR) status, es-
trogen-receptor (ER) status, PAM50, and menopause status. 
RNAseq data and clinical data in level 3 HTSeq-FPKM format 
were from The Cancer Genome Atlas Breast Invasive Carcinoma 
(TCGA-BRCA) project.

With SLC26A4-AS1 as the dependent variable, logistics analy-
sis was performed as described in the literature [20].

Correlation Between SLC26A4-AS2 and Prognosis

Kaplan-Meier curve was performed for SLC26A4-AS1 according 
to data analysis methods described in the literature [19,21]. 
Prognosis included OS and disease-specific survival (DSS).

Cox regression analysis was performed as described in the 
literature [20,21] and included the variables tumor (T) stage, 
lymph node (N) stage, pathologic stage, race, age, histological 
type, PR status, ER status, human epidermal growth factor re-
ceptor 2 (HER2) status, PAM50, menopause status, anatomic 
neoplasm subdivisions, radiation therapy, and SLC26A4-AS1.

GSEA Analysis

Single-gene differential analysis of SLC26A4-AS1 was performed 
as described in the literature [20,22]. GSEA analysis was per-
formed as described in the literature [20,23,24].

Immune Infiltration Analysis by Single-Sample GSEA

Data analysis by single-sample GSEA of SLC26A4-AS1 was 
performed by methods described in the literature [20,25,26].
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Results

Clinical Characteristics

A total of 1083 patients were included in the present study 
(Table 1). The T stages of the patients were as follows: 277 
were T1 (25.6%), 629 were T2 (58.2%), 139 were T3 (12.9%), 
and 35 were T4 (3.2%). The N stage of the patients were as 
follows: 514 were N0 (48.3%), 358 were N1 (33.6%), and were 
116 N2 (10.9%). There were 902 patients with metastasis (M) 
stage 0 (97.8%) and 20 with stage M1 (2.2%). The patholog-
ic stages were as follows: 181 in stage I (17.1%), 619 in stage 
II (58.4%), 242 in stage III (22.8%), and 18 in stage IV (1.7%). 
Regarding race, 753 patients were White, 60 patients were 
Asian, and 181 patients were Black or African American. The 

age range was 48.5 to 67 years, with a median of 58 years; 601 
patients were £60 years (55.5%) and 482 patients were >60 
years (44.5%). Histological types were 772 infiltrating ductal 
carcinoma (79%) and 205 infiltrating lobular carcinoma (21%). 
PR status was negative in 342 (33.1%) patients, indeterminate 
in 4 (0.4%) patients, and positive in 688 (66.5%) patients. ER 
status was negative in 240 (23.2%) patients, indeterminate in 
2 (0.2%) patients, and positive in 793 (76.6%) patients. HER2 
status was negative in 558 (76.8%) patients, indeterminate in 
12 (1.7%) patients, and positive in 157 (21.6%) patients. The 
PAM50 was normal in 40 (3.7%) patients, luminal A in 562 
(51.9%) patients, luminal B in 204 (18.8%) patients, HER2 in 
82 (7.6%) patients, and basal in 195 (18%) patients. A total of 
229 (23.6%) patients were in pre-menopause, 40 (4.1%) were 
in peri-menopause, and 703 (72.3%) were in menopause. The 

Characteristic Levels Overall

n 1083

T stage, n (%) T1  277 (25.6%)

T2  629 (58.2%)

T3  139 (12.9%)

T4  35 (3.2%)

N stage, n (%) N0  514 (48.3%)

N1  358 (33.6%)

N2  116 (10.9%)

N3  76 (7.1%)

M stage, n (%) M0  902 (97.8%)

M1  20 (2.2%)

Pathologic stage, 
n (%)

Stage I  181 (17.1%)

Stage II  619 (58.4%)

Stage III  242 (22.8%)

Stage IV  18 (1.7%)

Race, n (%) Asian  60 (6%)

Black or African 
American

 181 (18.2%)

White  753 (75.8%)

Age, n (%) £60  601 (55.5%)

>60  482 (44.5%)

Histological type, 
n (%)

Infiltrating ductal 
carcinoma

 772 (79%)

Infiltrating lobular 
carcinoma

 205 (21%)

Table 1. The Cancer Genome Atlas-based characterization of patients with breast cancer.

Characteristic Levels Overall

PR status, n (%) Negative  342 (33.1%)

Indeterminate  4 (0.4%)

Positive  688 (66.5%)

ER status, n (%) Negative  240 (23.2%)

Indeterminate  2 (0.2%)

Positive  793 (76.6%)

HER2 status, n (%) Negative  558 (76.8%)

Indeterminate  12 (1.7%)

Positive  157 (21.6%)

PAM50, n (%) Normal  40 (3.7%)

LumA  562 (51.9%)

LumB  204 (18.8%)

Her2  82 (7.6%)

Basal  195 (18%)

Menopause status, 
n (%)

Pre  229 (23.6%)

Peri  40 (4.1%)

Post  703 (72.3%)

Anatomic neoplasm 
subdivisions, n (%)

Left  563 (52%)

Right  520 (48%)

Radiation therapy, 
n (%)

No  434 (44%)

Yes  553 (56%)

Age, median (IQR)  58 (48.5, 67)
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anatomic neoplasm subdivisions were 563 left (52%) and 520 
right (48%). A total of 553 (56%) patients underwent radiation 
therapy and 434 (44%) did not.

Low Expression of SLC26A4-AS1 Predicted Poor Clinical 
Characteristics in Patients with BC

SLC26A4-AS1 was found to be significantly less expressed 
in BC tissues than in normal breast tissues (0.267±0.015 vs 
0.808±0.062, P<0.001), based on the TCGA database of 1109 
BC tissues and 113 normal breast tissues (Figure 1A). The ex-
pression of SLC26A4-AS1 in 113 BC tissues and their matched 
normal breast tissues showed that BC tissues had a low expres-
sion of SLC26A4-AS1 (0.231±0.036 vs 0.808±0.062, P<0.001, 
Figure 1B). The area under curve (AUC) of SLC26A4-AS1 was 
0.805 (Figure 1C). SLC26A4-AS1 could be used to differentiate 
between BC and normal breast tissue. SLC26A4-AS1 expres-
sion was associated with age (P<0.001), PR status (P<0.001), 
ER status (P<0.001), PAM50 (P<0.001), and menopause sta-
tus (P=0.002) (Table 2). SLC26A4-AS1 was significantly related 
to age (P<0.001), ER status (P<0.001), PAM50 (P<0.001), and 
menopause status (P<0.001) (Figure 2, Table 3).

Correlation Between SLC26A4-AS1 Expression and Patient 
Prognosis

SLC26A4-AS1 expression was significantly associated with poor 
OS (hazard ratio [HR]: 0.56; 95% confidence interval [CI]: 0.40-
0.78; P=0.001) and DSS (HR: 0.57; 95% CI: 0.37-0.88; P=0.011) 
of patients with BC (Figure 3). Low SLC26A4-AS1 expression 
(HR: 0.560; 95% CI: 0.403-0.777; P<0.001) was associated with 
T stage (HR: 1.482; 95% CI: 1.007-2.182; P=0.046), N stage (HR: 
2.239; 95% CI: 1.567-3.199; P<0.001), pathologic stage (HR: 

2.391; 95% CI: 1.703-3.355; P<0.001), age (HR: 2.020; 95% CI: 
1.465-2.784; P<0.001), menopause status (HR: 0.426; 95% CI: 
0.259-0.700; P<0.001), and radiation therapy (HR: 0.576; 95% 
CI: 0.394-0.841; P=0.004) (Table 4). SLC26A4-AS1 expression 
(HR: 0.298; 95% CI: 0.154-0.579; P<0.001), pathologic stage (HR: 
5.876; 95% CI: 2.271-15.205, P<0.001), and radiation therapy 
(HR: 0.448; 95% CI: 0.243-0.823, P=0.004) were independent 
prognostic factors for patients with BC (Table 4).

SLC26A4-AS1-Associated Pathway

A total of 124 datasets showed significant differential enrich-
ment in SLC26A4-AS1 high-expression phenotypes, while 50 
datasets showed significant differential enrichment in SLC26A4-
AS1 low-expression phenotypes. The top 9 data sets with a 
low P value included CYP2E1 reactions, protein export, mito-
chondrial_ciii_assembly, formation of adenosine triphosphate 
(ATP) by chemiosmotic coupling, histone modification, budding 
and maturation of HIV virion, cristae formation, biocarta pro-
teasome pathway, and endosomal sorting complex required 
for transport (Table 5, Figure 4).

Correlation of SLC26A4-AS1 Expression with Immune 
Infiltration

For aDC, the mean level of the SLC26A4-AS1 low-expression 
group (0.284±0.109) was significantly lower than that of the 
high-expression group (0.314±0.126) (P<0.001) (Figure 5A). 
The results (r=0.150, P<0.001) indicated a positive correla-
tion between SLC26A4-AS1 and aDC (Figures 6A and 7). For 
B cells, the mean level of the SLC26A4-AS1 low-expression 
group (0.167±0.084) was significantly lower than that of the 
high-expression group (0.199±0.091, P<0.001) (Figure 5B). The 
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Figure 1.  Expression of SLC26A4-AS1 in breast cancer (BC) tissues compared to normal tissues. (A) Differential expression of SLC26A4-
AS1 in BC tissues and normal breast tissues. (B) Differential expression of SLC26A4-AS1 in BC tissues and matched normal 
breast tissues. (C) receiver operating characteristic curves showed the efficiency of SLC26A4-AS1 expression levels in 
distinguishing BC tissues from non-tumor tissues. Significance markers: *** P<0.001.
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Characteristic
Low expression of 

SLC26A4-AS1
High expression of 

SLC26A4-AS1
p Statistic Method

n 541 542

T stage, n (%) 0.909 0.54 Chisq.test

 T1  140 (13%)  137 (12.7%)

 T2  309 (28.6%)  320 (29.6%)

 T3  71 (6.6%)  68 (6.3%)

 T4  19 (1.8%)  16 (1.5%)

N stage, n (%) 0.536 2.18 Chisq.test

 N0  245 (23%)  269 (25.3%)

 N1  179 (16.8%)  179 (16.8%)

 N2  61 (5.7%)  55 (5.2%)

 N3  42 (3.9%)  34 (3.2%)

M stage, n (%) 0.836 0.04 Chisq.test

 M0  452 (49%)  450 (48.8%)

 M1  11 (1.2%)  9 (1%)

Pathologic stage, n (%) 0.736 1.27 Chisq.test

 Stage I  87 (8.2%)  94 (8.9%)

 Stage II  306 (28.9%)  313 (29.5%)

 Stage III  123 (11.6%)  119 (11.2%)

 Stage IV  11 (1%)  7 (0.7%)

Race, n (%) 0.945 0.11 Chisq.test

 Asian  30 (3%)  30 (3%)

 Black or African American  89 (9%)  92 (9.3%)

 White  363 (36.5%)  390 (39.2%)

Age, n (%) <0.001 11.49 Chisq.test

 £60  272 (25.1%)  329 (30.4%)

 >60  269 (24.8%)  213 (19.7%)

Histological type, n (%) 0.940 0.01 Chisq.test

 Infiltrating ductal carcinoma  387 (39.6%)  385 (39.4%)

 Infiltrating lobular carcinoma  104 (10.6%)  101 (10.3%)

PR status, n (%) <0.001 Fisher.test

 Negative  141 (13.6%)  201 (19.4%)

 Indeterminate  2 (0.2%)  2 (0.2%)

 Positive  375 (36.3%)  313 (30.3%)

Table 2. Expression of SLC26A4-AS1 in breast cancer is associated with clinical characteristics.
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results (r=0.220, P<0.001) indicated a positive correlation be-
tween SLC26A4-AS1 and B cells (Figures 6B and 7). For CD8 
T cells, the mean level of the SLC26A4-AS1 low-expression 
group (0.522±0.018) was significantly lower than that of the 
high-expression group (0.523±0.023) (P=0.003) (Figure 5C). 
The results (r=0.067, P=0.027) indicated a positive correlation 
between SLC26A4-AS1 and CD8 T cells (Figures 6C and 7). For 
cytotoxic cells, the mean level of the SLC26A4-AS1 low-expres-
sion group (0.319±0.083) was significantly lower than that of 
the high-expression group (0.337±0.09) (P<0.001) (Figure 5D). 
The results (r=0.130, P<0.001) indicated a positive correlation 
between SLC26A4-AS1 and CD8 T cells (Figures 6D and 7). For 

DC, the mean level of the SLC26A4-AS1 low-expression group 
(0.281±0.089) was significantly lower than that of the high-
expression group (0.303±0.098) (P<0.001) (Figure 5E). The re-
sults (r=0.160, P<0.001) indicated a positive correlation between 
SLC26A4-AS1 and CD8 T cells (Figures 6E and 7). For macro-
phages, the mean level of the SLC26A4-AS1 low-expression 
group (0.445±0.054) was significantly lower than that of the 
high-expression group (0.456±0.052) (P<0.001) (Figure 5F). The 
results (r=0.140, P<0.001) indicated a positive correlation be-
tween SLC26A4-AS1 and macrophages (Figures 6F and 7). For 
neutrophils, the mean level of the SLC26A4-AS1 low-expres-
sion group (0.231±0.045) was significantly lower than that of 

Table 2 continued. Expression of SLC26A4-AS1 in breast cancer is associated with clinical characteristics.

Characteristic
Low expression of 

SLC26A4-AS1
High expression of 

SLC26A4-AS1
p Statistic Method

ER status, n (%) <0.001 Fisher.test

 Negative  89 (8.6%)  151 (14.6%)

 Indeterminate  1 (0.1%)  1 (0.1%)

 Positive  428 (41.4%)  365 (35.3%)

HER2 status, n (%) 0.624 0.94 Chisq.test

 Negative  274 (37.7%)  284 (39.1%)

 Indeterminate  5 (0.7%)  7 (1%)

 Positive  71 (9.8%)  86 (11.8%)

PAM50, n (%) <0.001 82.17 Chisq.test

 Normal  7 (0.6%)  33 (3%)

 LumA  291 (26.9%)  271 (25%)

 LumB  139 (12.8%)  65 (6%)

 Her2  48 (4.4%)  34 (3.1%)

 Basal  56 (5.2%)  139 (12.8%)

Menopause status, n (%) 0.002 12.79 Chisq.test

 Pre  91 (9.4%)  138 (14.2%)

 Peri  17 (1.7%)  23 (2.4%)

 Post  372 (38.3%)  331 (34.1%)

Anatomic neoplasm subdivisions, n (%) 0.236 1.4 Chisq.test

 Left  271 (25%)  292 (27%)

 Right  270 (24.9%)  250 (23.1%)

Radiation therapy, n (%) 0.576 0.31 Chisq.test

 No  219 (22.2%)  215 (21.8%)

 Yes  268 (27.2%)  285 (28.9%)

Age, median (IQR)  60 (51, 69)  55 (47, 65) <0.001 171329 Wilcoxon
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the high-expression group (0.239±0.053) (P=0.005) (Figure 5G). 
The results (r=0.130, P<0.001) indicated a positive correlation 
between SLC26A4-AS1 and neutrophils (Figures 6G and 7). 
For NK CD56bright cells, the mean level of the SLC26A4-AS1 
low-expression group (0.348±0.050) was significantly high-
er than that of the high-expression group (0.331±0.056) 
(P=0.005) (Figure 5H). The results (r=-0.170, P<0.001) indi-
cated a negative correlation between SLC26A4-AS1 and NK 
CD56bright cells (Figures 6H and 7). For NK CD56dim cells, 
the mean level of the SLC26A4-AS1 low-expression group 
(0.180±0.061) was significantly lower than that of the high-
expression group (0.193±0.072) (P<0.001) (Figure 5I). The re-
sults (r=0.130, P<0.001) indicated a positive correlation between 

SLC26A4-AS1 and NK CD56dim cells (Figures 6I and 7). For 
T cells, the mean level of the SLC26A4-AS1 low-expression 
group (0.312±0.110) was significantly lower than that of the 
high-expression group (0.339±0.116) (P<0.001) (Figure 5J). 
The results (r=0.160, P<0.001) indicated a positive correla-
tion between SLC26A4-AS1 and T cells (Figures 6J and 7). For 
T helper cells, the mean level of the SLC26A4-AS1 low-expres-
sion group (0.554±0.023) was significantly lower than that of 
the high-expression group (0.559±0.023) (P<0.001) (Figure 5K). 
The results (r=0.120, P<0.001) indicated a positive correlation 
between SLC26A4-AS1 and T helper cells (Figures 6K and 7). 
For Tcm, the mean level of the SLC26A4-AS1 low-expression 
group (0.356±0.028) was significantly lower than that of the 
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Figure 2.  SLC26A4-AS1 expression is associated with the clinical characteristics of patients with breast cancer. (A) Age, (B) estrogen-
receptor status, (C) PAM50, (D) menopause. Significance markers: *** P<0.001.
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high-expression group (0.364±0.031) (P<0.001) (Figure 5L). 
The results (r=0.150, P<0.001) indicated a positive correla-
tion between SLC26A4-AS1 and Tcm (Figures 6L and 7). For 
Tem, the mean level of the SLC26A4-AS1 low-expression group 
(0.362±0.026, P=0.008) was significantly lower than the mean 
level of the high-expression group (0.366±0.029, P=0.008) 

(P=0.008) (Figure 5M). The results (r=0.100, P=0.001) indi-
cated a positive correlation between SLC26A4-AS1 and Tem 
(Figures 6M and 7). For TFH, the mean level of the SLC26A4-
AS1 low-expression group (0.345±0.029) was significantly lower 
than that of the high-expression group (0.350±0.033) (P<0.001) 
(Figure 5N). The results (r=0.120, P<0.001) indicated a positive 

Characteristics Total (N) Odds ratio (OR) P value

T stage (T2 & T3 & T4 vs T1) 1080  1.035 (0.787-1.360) 0.807

N stage (N1 & N2 & N3 vs N0) 1064  0.866 (0.680-1.101) 0.240

M stage (M1 vs M0) 922  0.822 (0.328-2.004) 0.666

Pathologic stage (Stage III & Stage IV vs Stage I & Stage II) 1060  0.908 (0.686-1.201) 0.499

Race (Black or African American & White vs Asian) 994  1.066 (0.631-1.802) 0.809

Age (>60 vs £60) 1083  0.655 (0.514-0.833) <0.001

Histological type (Infiltrating Lobular Carcinoma vs Infiltrating Ductal 
Carcinoma)

977  0.976 (0.717-1.329) 0.878

PR status (Indeterminate vs Negative) 346  0.701 (0.083-5.902) 0.725

ER status (Positive & Indeterminate vs Negative) 1035  0.503 (0.373-0.675) <0.001

HER2 status (Indeterminate & Positive vs Negative) 727  1.181 (0.836-1.671) 0.346

PAM50 (LumA & LumB & Her2 vs Basal) 1043  0.312 (0.221-0.435) <0.001

Menopause status (Post vs Pre & Peri) 972  0.597 (0.448-0.793) <0.001

Anatomic neoplasm subdivisions (Right vs Left) 1083  0.859 (0.677-1.091) 0.213

Radiation therapy (Yes vs No) 987  1.083 (0.842-1.393) 0.533

Table 3. Correlation between SLC26A4-AS1 expression and clinical characteristics in patients with breast cancer (logistic regression).
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Characteristics Total (N)
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value 

T stage (T2 & T3 & T4 vs T1) 1079  1.482 (1.007-2.182) 0.046  1.355 (0.620-2.958) 0.446

N stage (N1 & N2 & N3 vs N0) 1063  2.239 (1.567-3.199) <0.001  0.660 (0.251-1.733) 0.399

Pathologic stage (Stage III & Stage IV 
vs Stage I & Stage II)

1059  2.391 (1.703-3.355) <0.001  5.876 (2.271-15.205) <0.001

Race (Black or African American & 
White vs Asian)

993  1.362 (0.432-4.289) 0.598

Age (>60 vs £60) 1082  2.020 (1.465-2.784) <0.001  1.900 (0.948-3.811) 0.071

Histological type (Infiltrating Lobular 
Carcinoma vs Infiltrating Ductal 
Carcinoma)

977  0.827 (0.526-1.299) 0.410

PR status (Indeterminate & Positive vs 
Negative)

1033  0.733 (0.525-1.025) 0.070  0.712 (0.303-1.676) 0.437

ER status (Indeterminate & Positive vs 
Negative)

1034  0.725 (0.505-1.041) 0.082  0.494 (0.190-1.283) 0.147

HER2 status (Indeterminate & Positive 
vs Negative)

727  1.519 (0.927-2.488) 0.097  0.638 (0.300-1.355) 0.242

PAM50 (LumA & LumB & Her2 vs 
Basal)

1042  0.961 (0.642-1.439) 0.848

Menopause status (Pre & Peri vs Post) 971  0.426 (0.259-0.700) <0.001  0.413 (0.155-1.096) 0.076

Anatomic neoplasm subdivisions 
(Right vs Left)

1082  0.766 (0.554-1.057) 0.105

Radiation therapy (Yes vs No) 986  0.576 (0.394-0.841) 0.004  0.496 (0.263-0.936) 0.030

SLC26A4-AS1 (High vs Low) 1082  0.560 (0.403-0.777) <0.001  0.298 (0.154-0.579) <0.001

Table 4. Correlation between overall survival and clinical characteristics in patients with breast cancer (Cox regression).

Gene set name NES P adjust FDR

REACTOME_CYP2E1_REACTIONS -2.1883 0.0015 0.3926

KEGG_PROTEIN_EXPORT -2.0546 0.0018 0.3926

WP_MITOCHONDRIAL_CIII_ASSEMBLY -2.1200 0.0020 0.3926

REACTOME_FORMATION_OF_ATP_BY_CHEMIOSMOTIC_COUPLING -2.1414 0.0021 0.3926

WP_HISTONE_MODIFICATIONS 1.4327 0.0022 0.3926

REACTOME_BUDDING_AND_MATURATION_OF_HIV_VIRION -2.2759 0.0024 0.3926

REACTOME_CRISTAE_FORMATION -2.4379 0.0026 0.3926

BIOCARTA_PROTEASOME_PATHWAY -2.0874 0.0027 0.3926

REACTOME_ENDOSOMAL_SORTING_COMPLEX_REQUIRED_FOR_TRANSPORT_ESCRT_ -2.2125 0.0029 0.3926

Table 5. Enrichment of SLC26A4-AS1-related pathways (gene set enrichment analysis).
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Figure 4.  Enrichment plots for gene set enrichment analysis. (A) CYP2E1 reactions, (B) protein export, (C) mitochondrial_ciii_assembly, 
(D) formation of ATP by chemiosmotic coupling, (E) histone modification, (F) budding and maturation of HIV virion, (G) cristae 
formation, (H) biocarta proteasome pathway, and (I) endosomal sorting complex required for transport. NES – normalized 
enrichment score; FDR – false discovery rate

correlation between SLC26A4-AS1 and TFH (Figures 6N and 7). 
For Th1 cells, the mean level of the SLC26A4-AS1 low-expres-
sion group (0.304±0.048) was significantly lower than that of 
the high-expression group (0.317±0.05) (P<0.001) (Figure 5O). 
The results (r=0.180, P<0.001) indicated a positive correla-
tion between SLC26A4-AS1 and Th1 cells (Figures 6O and 7).

Discussion

A growing number of studies have shown that lncRNAs play 
an important role in tumorigenesis and development [4]. The 
lncRNA MALAT1 is used as a potential indicator for early di-
agnosis and prognosis prediction in patients with BC [8]. The 
serum lncRNA ATB is a noninvasive diagnostic marker in the 
early stages of BC [9]. INC00978 is an oncogene in BC and can 
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Figure 5.  Expression of SLC26A4-AS1 correlated with immune cells in patients with breast cancer (grouped comparison chart). (A) aDC, 
(B) B cells, (C) CD8 T cells, (D) cytotoxic cells, (E) DC, (F) macrophages, (G) neutrophils, (H) NK CD56bright cells, (I) NK 
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Figure 6.  Correlation of SLC26A4-AS1 expression with 24 immune cells in patients with breast cancer (scatter plot). (A) aDC, (B) B cells, 
(C) CD8 T cells, (D) cytotoxic cells, (E) DC, (F) macrophages, (G) neutrophils, (H) NK CD56bright cells, (I) NK CD56dim cells, 
(J) T cells, (K) T helper cells, (L) Tcm, (M) Tem, (N) TFH, and (O) Th1 cells.
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Figure 7.  Correlation of SLC26A4-AS1 expression with 24 immune cells in patients with breast cancer (lollipop chart).

be used as a potential prognosis biomarker for patients with 
BC [10]. Low expression of LINC00944 is associated with poor 
prognosis in patients with BC [27]. Therefore, it is crucial to ex-
plore promising novel lncRNAs as prognostic biomarkers for BC.

The low expression of SLC26A4-AS1 in thyroid cancer was sig-
nificantly associated with poor patient prognosis [11]. SLC26A4-
AS1 is downregulated in human glioma tissues and cells [12]. In 
the present study, low expression of SLC26A4-AS1 in patients 
with BC was correlated with age (P<0.001), ER status (P<0.001), 
PAM50 (P<0.001), and menopause status (P<0.001). BC tissue 
expressed less SLC26A4-AS1 than did adjacent normal breast 
tissue, especially in patients with older age (>60), indicating that 
SLC26A4-AS1 might inhibit oncogenesis and promote prolifer-
ation. Positive ER status and luminal A/luminal B/HER2 status 
might be the consequence of a bulky tumor burden due to low 
expression of SLC26A4-AS1. Low SLC26A4-AS1 expression pre-
dicted a poorer OS (HR: 0.56; 95% CI: 0.40-0.78; P=0.001) and 
DSS (HR: 0.57; 95% CI: 0.37-0.88; P=0.011). Also, SLC26A4-AS1 
expression (HR: 0.298; 95% CI: 0.154-0.579; P<0.001) was an 
independent prognostic factor for poor OS in patients with BC.

SLC26A4-AS1 interacts with DDX5 and the E3 ligase TRIM25 
to promote DDX5 degradation via the ubiquitin-proteasome 
pathway [11]. SLC26A4-AS1 is downregulated in human gli-
oma tissues and cells [12]. SLC26A4-AS1 promotes the tran-
scriptional activity of NPTX1 through the recruitment of NFKB1, 
thereby exerting an anti-angiogenic effect on glioma cells [12]. 
Overexpression of lncRNA SLC26A4-AS1 exerts anticancer 

effects on papillary thyroid carcinoma through inactivation 
of the MAPK pathway [28]. In the present study, SLC26A4-
AS1 was related to the following pathways: CYP2E1 reac-
tions, protein export, mitochondrial_ciii_assembly, formation 
of ATP by chemiosmotic coupling, histone modification, bud-
ding and maturation of HIV virion, cristae formation, biocar-
ta proteasome pathway, and endosomal sorting complex re-
quired for transport.

The TME, consisting of tumor-infiltrating lymphocytes and other 
immune cells, is an important part of tumor development [29,30]. 
The number and proportion of mesenchymal and immune cells 
in tumor tissue are associated with clinical features and prog-
nosis [31]. Screening valuable genes from immune and stromal 
cells in tumor tissues may be a target for cancer therapy [32]. 
Therefore, there is a need to gain insight into the significance of 
genes associated with the TME for accurate assessment and treat-
ment. The present study investigated the relationship between 
SLC26A4-AS1 expression and the level of multiple immune infil-
trations in BC. The results showed modest correlations between 
SLC26A4-AS1 expression and infiltration levels of aDC, B cells, 
CD8 T cells, cytotoxic cells, DC, eosinophils, macrophages, neu-
trophils, NK CD56bright cells, NK CD56dim cells, T cells, T helper 
cells, Tcm, Tem, TFH, Tgd, Th1 cells, and TReg in BC. The present 
findings suggest that SLC26A4-AS1 may mediate the develop-
ment and progression of BC by negatively regulating eosinophils 
and NK CD56bright cells and positively regulating aDC, B cells, 
CD8 T cells, cytotoxic cells, DCs, macrophages, neutrophils, NK 
CD56dim cells, T cells, T helper cells, Tcm, Tem, TFH, and Th1 cells.

e934522-13
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yi W. et al: 
Role of lncRNA SLC26A4-AS1 in BC
© Med Sci Monit, 2021; 27: e934522

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



This study is the first to examine the relationship between 
SLC26A4-AS1 and BC. However, there are some limitations. 
This study was conducted based on the TCGA database and 
bioinformatics analysis, but the specific mechanism by which 
SLC26A4-AS1 mediates the development and progression of 
BC could not be clarified. In the real world setting, the clinical 
significance and specific mechanisms of SLC26A4-AS1 in pa-
tients with BC need to be further investigated.

Conclusions

SLC26A4-AS1 expression was significantly lower in BC tissue 
than in normal breast tissue. Low expression of SLC26A4-AS1 
was associated with poor OS and DSS in patients with BC. 
SLC26A4-AS1 may be related to the following pathways: CYP2E1 
reactions, protein export, mitochondrial_ciii_assembly, forma-
tion of ATP by chemiosmotic coupling, histone modification, 

budding and maturation of HIV virion, cristae formation, bio-
carta proteasome pathway, and endosomal sorting complex 
required for transport. SLC26A4-AS1 expression was associ-
ated with several immune infiltrating cells. This study pro-
vides a promising prognostic biomarker for patients with BC.
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