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Background: Annually, breast cancer (BC) is the most common newly diagnosed cancer in females. 
The relatively crude measures of the molecular phenotypes of BC have not provided a comprehensive 
understanding of its molecular architecture. To a certain extent, this has resulted in many patients being 
over- or undertreated. Therefore, novel biomarkers that help to improve patients’ outcomes are required. 
The potassium channel tetramerization domain containing 12 (KCTD12) is one such candidate.
Methods: Ribonucleic acid-sequencing (RNA-Seq) filings along with corresponding clinical information 
of BC samples were obtained from The Cancer Genome Atlas (TCGA) program databases to evaluate the 
associations between KCTD12 expression levels and clinical features. The prognostic value of KCTD12 in 
patients was examined by Kaplan-Meier survival analysis and PrognoScan database analysis. To identify the 
main functions of KCTD12 in BC, we performed gene set enrichment analysis (GSEA) in BC samples and 
cell lines. The correlations between KCTD12 expression and tumor-infiltrating lymphocyte quantities was 
confirmed using two online tools: Tumor Immune Estimation Resource and the Gene Expression Profiling 
Interaction Analysis 2.
Results: KCTD12 expression was significantly decreased in cancer samples compared to normal samples, 
and was lowly expressed in aggressive disease relative to initial disease. Patients with lower KCTD12 
expression levels showed a shorter overall survival and a shorter recurrence-free survival, indicating a 
worse prognosis. We found that genes of BC in the high-KCTD12 expression group were enriched in 
immune response pathways. Finally, the positive correlations between the expression of tumor-infiltrating 
lymphocytes, programmed cell-death ligand 1 (PD-L1), and programmed cell-death protein 1 (PD-1), and 
KCTD12 expression were confirmed.
Conclusions: KCTD12 can be considered a biomarker to predict the prognosis of BC patients. KCTD12 
may also help to predict patient response to PD-L1 or PD-1 inhibitor treatment.
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Introduction

Owing to the remarkable advancements in genomics, 
multiple genes involved in tumor physiological processes 
have been identified. Most of these genes are considered 
tumor suppressors or oncogenes based on their role in 
tumorigenesis (1,2). In our study, we focused on the 
clinical applicability of potassium channel tetramerization 
domain containing 12 (KCTD12) in breast cancer (BC). 
The complementary deoxyribonucleic acid (cDNA) 
which encodes KCTD12 in humans was first isolated 
by Resendes et al. in 2004 (3). As a member of receptor 
complexes, the primary function of KCTD12 is to react to 
gamma-aminobutyric acid-B (GABA-B), thereby inducing 
GABA-B receptor-activated K+ current desensitization (4,5). 
Oncological studies have provided evidence that KCTD12 
is involved in cancer cell stemness (6). For instance, Li 
et al. reported that silencing of KCTD12 could enhance 
colorectal cancer cell stemness through the extracellular-
signal-related kinase (ERK) pathway (7), and Shen  
et al. demonstrated that depressed KCTD12 expression 
enhanced the stemness of melanoma cells by interacting 
with cluster of differentiation 271 (CD271) (8). Meanwhile, 
the series of studies from Suehara et al. initially found that 
expression levels of KCTD12 were inversely correlated with 
metastasis and/or recurrence rate of gastrointestinal stromal 
tumor (9,10). They also developed a mouse monoclonal 
antibody against pfetin (protein encoded by KCTD12) 
and evaluated its validation (11,12). However, KCTD12’s 
role in tumorigenesis remains controversial. Although 
one study that demonstrated that increased KCTD12 
expression promoted tumorigenesis by facilitating cells’ 
G2/M transition in cervical and lung cancer (13), other 
studies explained that overexpression of KCTD12 inhibited 
colorectal cancer (7) and cutaneous melanoma (8) growth 
in vivo. Thus far, few studies have explored the role of 
KCTD12 in BC.

BC is the most common cancer diagnosed among 
females and is the leading cause of female cancer death 
worldwide (14). In 2018, it was estimated that there were 
2,088,849 newly diagnosed BC cases and 626,679 deaths 
due to BC globally. The original molecular classification 
of BC, including estrogen receptor (ER)-positive/
luminal-like, basal-like [also known as triple-negative BC 
(TNBC)], Erb-B2-positive [also called human epidermal 
growth factor receptor 2 (HER2)], and normal breast, 
was proposed in 2000 (15), and was sequenced by dividing 
the ER-positive/luminal-like into luminal A and luminal 

B in 2001 (16). Traditionally, this molecular classification 
has driven prognostic predictions and adjuvant therapy 
recommendations for early-stage BC (17,18). However, 
with the enhanced insights into the molecular architecture 
of BC, it is now widely accepted that BC is a heterogeneous 
disease (19,20). The relatively basic measures of molecular 
phenotypes do not offer a comprehensive picture of the 
molecular architecture of BC and results in many patients 
ultimately being over- or undertreated. It is important 
to note that the response of BC to the recommended 
therapies was inadequate in some cases depending on the 
molecular subtype. Therefore, novel biomarkers that assist 
in predicting the clinical features and prognosis of BC 
are required. These biomarkers may also help to guide 
therapeutic decision-making.

In this study, we attempted to clarify the correlation that 
KCTD12 expression has with the clinical features of BC, 
overall survival (OS), and recurrence-free survival (RFS). 
The main pathways in BC that KCTD12 was involved 
in were identified. We found that KCTD12 expression 
was positively correlated with the expression of tumor-
infiltrating lymphocytes (TILs), programed cell-death 
protein 1 (PD-1), and programed cell-death ligand 1 (PD-
L1). Our results suggest that KCTD12 could be considered 
a prognostic indicator and underlying biomarker to predict 
patient response to PD-1 or PD-L1 inhibitor treatment. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
tcr-20-2099). 

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Gene expression data of human BC

Ribonucleic acid-sequencing (RNA-Seq) filings along with 
corresponding clinical information of BC patients were 
retrieved from the publicly available Cancer Genome Atlas 
(TCGA) program databases (https://www.cancer.gov/
tcga) in December 2019. In total, 1,053 cancer samples 
and 111 normal samples analyzed. The Cancer Cell Line 
Encyclopedia (CCLE) provided genomic data of human 
cancer models, messenger ribonucleic acid (mRNA) 
expression data, and gene methylation data. The KCTD12 
expression data and methylation data of 50 BC cell lines 
were derived from the CCLE for correlation analysis (21). 

http://dx.doi.org/10.21037/tcr-20-2099
http://dx.doi.org/10.21037/tcr-20-2099
https://www.cancer.gov/tcga
https://www.cancer.gov/tcga
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Survival analysis performed by Kaplan-Meier and 
PrognoScan

Kaplan-Meier survival analysis of BC patients’ OS and RFS 
were performed online (kmplot.com/analysis/) (22). Patients 
were grouped by the median value of KCTD12 expression 
level. We used the PrognoScan database for meta-analysis 
of the prognostic value of KCTD12 as a complement (23). 
A P value <0.05 was considered statistically significant. 

Gene set enrichment analysis (GSEA)

The GSEA software was ut i l ized to examine the 
significantly different pathways between high and low 
KCTD12–expressing BC samples. Enriched terms in the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway with corrected P value <0.05 and a false discovery 
rate value <0.25 were identified.

Correlation analysis with KCTD1 expression levels with 
TILs

The Tumor Immune Estimation Resource (TIMER) was 
used to exam the correlation between KCTD12 expression 
and TILs or PD-1 and PD-L1 expression (24). The Gene 
Expression Profiling Interaction Analysis 2 (GEPIA2) was 
applied to investigate the correlation between KCTD12 
expression and TILs markers. The gene markers of TILs 
including B cells, CD8+ (cytotoxic) T cells, tumor-associated 
macrophages (TAMs), neutrophils, and dendritic cells 
(DCs) are available in a previous study (25). In addition, the 
lymphocyte-specific immune recruitment (LYM) metagene 
signature is available in a previous study (26).

Statistical analysis

R (version 2.6.2) was utilized for statistical analysis. The 
Wilcoxon test was employed for differential analysis 
of KCTD12 expression in tumor and normal samples. 
The relationship between KCTD12 expression and the 
clinical features was analyzed using the Chi-Square test. 
Receiver operating characteristics (ROC) curves were 
generated by pROC package to assess the classification 
capability of KCTD12 and to set the optimal cutoff 
value to identify the high and low KCTD12 expression 
groups. Simple linear regression was used to evaluate 
the correlation between KCTD12 expression and 
methylation levels. 

Results

KCTD12 was associated with BC clinical features

RNA-Seq data obtained from TCGA was analyzed to assess 
the relationship between KCTD12 expression levels and 
BC clinical features. Firstly, KCTD12 was significantly 
decreased in BC samples compared to unpaired normal 
samples (P=2.411×10−52) and paired normal samples 
(P=4.512×10−26) (Figure 1A,B). Secondly, the progesterone 
receptor (PR)-positive BC had a higher KCTD12 expression 
than that of PR-negative BC (P=0.00102) (Table 1).  
Thirdly, BC in small size (T1) and initial pathologic stages 
(Stage I) was accompanied by higher expression levels of 
KCTD12 in comparison with large size (T2–3) (P=0.00124) 
and advanced stages (Stage II–IV) BC (P=0.02025) (Table 1).  
Moreover, BC with low KCTD12 expression levels 
exhibited a short OS [hazard ratio (HR): 0.72 (0.58–0.9), 
P=0.003] and a short RFS [HR: 0.87 (0.78–0.97), P=0.012], 
indicating a poor prognosis (Figure 1C,D). 

Also, the PrognoScan database provided multiple tests 
evaluating the association between KCTD12 expression 
and clinical outcome. Among these, 22 of the 55 tests 
showed that patients with decreased KCTD12 expression 
levels had significantly worse clinical outcomes than those 
with upregulated KCTD12 expression levels, while other 
tests showed no significant correlation between KCTD12 
and prognosis. Representative tests are shown in Table S1. 
The above results demonstrated that KCTD12 was closely 
associated with patients’ clinical performance in BC.

In addition to BC, 11 other carcinoma types had 
significantly lower KCTD12 expression levels compared to 
normal tissues (Figure S1). We also compared the KCTD12 
expression levels and methylation levels of CpG islands 
around the potassium channel tetramerization domain 
(KCTD) transcription start site in multiple BC cell lines. 
A medium reverse relation between KCTD12 expression 
and methylation levels was observed (Pearson’s coefficient = 
−0.45) (Figure S2).

KCTD12 exhibited the ability to reliably distinguish BC 
from normal tissue

In addition to testing the correlation between KCTD12 and 
BC clinical performance, we also evaluated the efficiency 
of KCTD12 expression in distinguishing BC from normal 
breast tissues. As shown in Figure 2A, the area under the 
ROC (AUC) for distinguishing BC from normal tissues is 
0.939 and the optimal cutoff value is annotated (Figure 2A).  

https://cdn.amegroups.cn/static/public/TCR-20-2099-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2099-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2099-supplementary.pdf
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Across stages, the classification based on KCTD12 
expression also has strong efficiency (Figure 2B,C,D,E). 

GSEA revealed that the KCTD12 participated in immune 
response in BC

To identify the main biological functions of KCTD12 in 
BC, GSEA was applied on 1,053 BC samples grouped by 
KCTD12 expression levels. We found that 6 out of the 10 
top-ranked pathways were immune-associated, including 
cytokine-cytokine receptor interaction, Janus kinase (JAK)-
signal transducer and activator transcription (STAT) 
signaling pathway, hematopoietic cell lineage, leukocyte 
transendothelial migration, chemokine signaling pathway, 
and intestinal immune network for immunoglobulin A (IgA) 
production (Figure 3). Similar results were observed when 

the GSEA was performed on 51 BC cell lines grouped by 
KCTD12 expression. The majority of the top 10 ranked 
pathways that KCTD12 participated in were also immune-
associated (Figure S3). According to these results, it is 
highly probable that KCTD12 plays a role in the immune 
response in BC. Therefore, in subsequent analysis, we 
focused on the correlation between KCTD12 and tumor 
immune microenvironment.

BC that highly expressed KCTD12 was accompanied with 
increased TILs

Previous studies have confirmed the high prognostic value 
of TILs in multiple cancers, including BC (27-30). We 
utilized the TIMER to evaluate the relationship between 
KCTD12 and TILs [including B cells, CD4+ (helper) T 

Figure 1 KCTD12 was down-expressed in BC and was associated with patient prognosis. (A) KCTD12 expression levels in BC samples and 
normal samples. (B) KCTD12 expression levels in BC samples and paired normal samples. Kaplan-Meier analysis for evaluating OS (C) and 
RFS (D) of BC patients grouped by KCTD12 expression levels. KCTD12, potassium channel tetramerization domain containing 12; BC, 
breast cancer; OS, overall survival; RFS, relapse-free survival.
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cells, CD8+ T cells, neutrophil, macrophage, and dendritic 
cells]. As shown in Figure 4, KCTD12 expression levels 
are positively correlated with an abundance of all six types 
of TILs in BC. This correlation was present across all BC 
subtypes and TIL types, expect for the B cell in HER-2-
positive BC. These results demonstrate that KCTD12 
expression can reflect the abundance of TILs across all 
subtypes of BC.

KCTD12 was associated with increased markers of TILs

We further used the GEPIA2 to confirm that our results 

concerning the relationship between KCTD12 mRNA 
levels and BC TILs were true, independent of the analysis 
method used. The results demonstrated that KCTD12 
mRNA quantities were positively correlated with markers 
of several lymphocytes, including B cell, CD8+ cell, TAM, 
neutrophil, and DC (Figure 5A,B,C,D,E). Moreover, as a 
prognosis metagene signature of BC, the LYM indicated 
the immune phenotype of BC (26). So, we evaluated the 
correlation between the expression levels of KCTD12 
and LYM and found that KCTD12 expression levels were 
positively correlated with LYM expression levels (Figure 5F).  
Combined with results we obtained from the TIMER, we 

Table 1 Correlation between KCTD12 expression and the clinical features of breast cancer using TCGA 

Features Cases KCTD12 in breast cancer (high/low expression), n P value

Age at diagnosis, years 0.11663

≤50 319 171/148

>50 716 346/370

ER status 0.05389

Positive 765 399/366

Negative 221 99/122

PR status 0.00102

Positive 663 358/305

Negative 320 137/183

HER2 status 0.06133

Positive 173 77/96

Negative 721 378/343

Pathologic stage 0.02025

I 171 99/72

II/III/IV 841 405/436

T stage 0.00124

1 268 157/111

2/3/4 764 360/404

N stage 0.29537

N0/N1 823 407/416

N2/N3 192 103/89

M stage 0.11957

M0 861 435/426

M1 21 7/14

ER, estrogen receptor; PR, progesterone receptor; T, tumor; N, lymph node; M, metastasis.
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concluded that elevated KCTD12 expression levels in BC 
reflected significant lymphocyte infiltration.

KCTD12 expression levels were positively correlated to 
PD-1 and PD-L1 expression levels

Immune checkpoint blockade (ICB) agents have received 
increasing attention, as they have been shown to provide 
durable responses and prolong OS in several solid tumors 
(31-34). The cytotoxic T-lymphocyte antigen 4 (CTLA-4), 
PD-1, and PD-L1 are considered main immune checkpoint 
proteins. As a representative of ICB agents, the anti-PD-1 

antibody, atezolizumab, has received United States Food 
and Drug Administration (FDA) approval to be applied 
for metastatic triple-negative breast cancer (TNBC) in 
combination with nab-paclitaxel (35,36). 

We subsequently tested the correlation between 
KCTD12 expression and PD-1 and PD-L1 expression 
using the TIMER. We observed that KCTD12 expression 
levels were positively correlated with both PD-1 and PD-
L1 expressions, either in all BC or across subtypes of BC 
(Figure 6). Therefore, this demonstrated that KCTD12 was 
positively associated with immune checkpoint expression. 
The higher KCTD12 expression in BC may suggest a 
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higher response rate to PD-1 and PD-L1 inhibitors.

Discussion

KCTD12 has been studied extensively in gastrointestinal 
s tromal  tumor and is  reportedly  involved in the 
physiological processes of several types of carcinomas (9-12).  
Yet, related studies in BC are rare (37). In this study, 
we found that KCTD12 was closely associated with the 
clinical features of BC. KCTD12 expression was decreased 
in BC and 11 other types of carcinomas compared to 
corresponding normal tissues. The lower expression levels 
in advanced stages indicated that KCTD12 was decreased 
in aggressive disease. Conversely, BC with higher KCTD12 
expression had a more favorable prognosis in Kaplan-Meier 
survival analysis and PrognoSan database analysis, indicating 
that KCTD12 has prognostic value in BC. A similar relation 
between KCTD12 expression and favorable prognosis 
was also observed in gastrointestinal stromal tumor (10), 
colorectal cancer (7), and cutaneous melanoma (8). According 
to these results, and together with a study reporting that 

the downregulation of KCTD12 significantly promoted BC 
cell proliferation (37), we suggest that loss of function of 
KCTD12 may contribute to BC tumorigenesis. Meanwhile, 
an inverse relationship between KCTD12 expression levels 
and methylation levels was observed in BC cell lines, which 
indicates the possibility that the hypermethylation of the 
KCTD12 promoter leads to decreased mRNA levels.

GSEA revealed a previously unreported function 
of KCTD12 in carcinoma, namely immune response. 
Traditionally, based on the tumor microenvironment, 
tumors can be characterized as either “hot” (containing 
enriched TILs) or “cold” (containing few TILs) tumors (38).  
“Hot” BC is predicted to have better outcomes when 
chemotherapy, radiation therapy, or immunotherapy are 
applied. For example, patients with non-metastatic, basal-
like cancer containing enriched TILs have improved 
outcomes compared to those containing poor TILs when 
treated with standard therapeutic regimens (27,39). Patients 
with HER-2-positive BC also experience better treatment 
outcomes with anti-HER2 antibody trastuzumab when the 
tumor has significant lymphocyte infiltration (40). Here, we 
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Figure 5 KCTD12 highly expressed in BC was associated with an increase in TIL marker. GEPIA2 was used to assess the correlation 
between KCTD12 expression levels and markers of (A) CD8+ T cell, (B) B cell, (C) TAM, (D) neutrophil, (E) DC, and (F) LYM metagene 
signature. KCTD12, potassium channel tetramerization domain containing 12; BC, breast cancer; TIL, tumor-infiltrating lymphocyte; 
GEPIA2, The Gene Expression Profiling Interaction Analysis 2; TAM, tumor-associated macrophages; DC, dendritic cell; LYM, 
lymphocyte-specific immune recruitment metagene signature.
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evaluated the relationship between KCTD12 and TILs in 
BC. The positive correlation between KCTD12 expression 
and TILs was observed across all BC subtypes. In addition, 
the KCTD12 was shown to be correlated to PD-L1 and 
PD-1 expression in BC. 

As a new and promising cancer treatment, ICB therapy 
receives increasing investment in the treatment of solid 
tumors (35), and the biomarkers that predict the reaction 
of BC to ICB agents also deserve attention. Atezolizumab, 
an anti-PD-L1 antibody, has been the only ICB agent 
approved by the FDA for clinical treatment of BC thus 
far (41). Meanwhile, the PD-L1 expression analyzed by 
immunohistochemistry (IHC) has been shown to be an 
efficient biomarker for selecting patients who would benefit 

from anti-PD-1 and anti-PD-L1 antibodies (42,43). In fact, 
TIL quantities and PD-L1 expression have been embedded 
in multifactorial biomarkers of clinical response to anti-
PD-1 and anti-PD-L1 antibodies. The positive correlation 
of KCTD12 to TIL abundance and PD-L1 and PD-1 
expression indicates that it could be a predictive marker to 
identify BC patients who may benefit more from anti-PD-1 
and anti-PD-L1 antibodies. Put simply, the expression 
of KCTD12 can predict prognosis and may also help to 
estimate the response of patients treated with ICB agents.

Conclusions

Our study demonstrated that KCTD12 expression is closely 
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Figure 6 KCTD12 expression levels were positively correlated with PD-1 and PD-L1 expression levels. The TIMER was used to assess 
the relation between KCTD expression and PD-1 and PD-L1 expression in all BC and subtypes of BC. KCTD12, potassium channel 
tetramerization domain containing 12; TIMER, The Tumor Immune Estimation Resource; BC, breast cancer.
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related to the clinical features of BC, with high KCTD12 
expression levels in BC being associated with a favorable 
prognosis. KCTD12 expression also proved to be positively 
connected to TIL quantities and PD-L1 and PD-1 
expression, suggesting that KCTD12 could be considered 
a potential biomarker to identify those BC patients who 
may derive greater benefit from anti-PD-L1 and anti-PD-1 
antibodies. 
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Table S1 Survival analysis of KCTD12 expression in breast cancer patients (the PrognoScan database)

Dataset Probe ID Endpoint Number COX P value HR (95% CI) 

GSE9195 212192_at DMFS 77 0.016 0.26 (0.09–0.78)

GSE1456 212192_at DSS 159 0.002 0.36 (0.19–0.69)

GSE9195 212192_at RFS 77 0.036 0.37 (0.14–0.94)

GSE3494 212188_at DSS 236 0.000 0.37 (0.24–0.56)

GSE2990 212188_at RFS 62 0.005 0.41 (0.22–0.76)

GSE1456 212188_at DSS 159 0.000 0.42 (0.28–0.64)

GSE2990 212188_at DMFS 54 0.023 0.43 (0.21–0.89)

GSE3494 212192_at DSS 236 0.000 0.44 (0.29–0.69)

GSE1456 212188_at RFS 159 0.000 0.46 (0.31–0.67)

GSE11121 212192_at DMFS 200 0.013 0.48 (0.26–0.85)

GSE1456 212192_at RFS 159 0.010 0.48 (0.27–0.84)

GSE1456 212192_at OS 159 0.012 0.48 (0.27–0.85)

GSE2990 212192_at DMFS 54 0.021 0.50 (0.28–0.90)

GSE2990 212192_at RFS 62 0.007 0.52 (0.32–0.84)

GSE4922 212188_at DFS 249 0.000 0.52 (0.37–0.75)

GSE1456 212188_at OS 159 0.001 0.53 (0.37–0.77)

GSE4922 212192_at DFS 249 0.002 0.55 (0.38–0.80)

GSE6532 212188_at RFS 87 0.044 0.58 (0.35–0.99)

GSE6532 212188_at DMFS 87 0.044 0.58 (0.35–0.99)

GSE6532 212192_at RFS 87 0.013 0.61 (0.41–0.90)

GSE6532 212192_at DMFS 87 0.013 0.61 (0.41–0.90)

GSE2034 212188_at DMFS 286 0.048 0.76 (0.58–1.00)

DMFS, distant metastasis-free survival; DSS, disease-specific survival; RFS, relapse-free survival; OS, overall survival; DFS, disease-free 
survival.
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Figure S1 KCTD12 expression levels in different carcinomas. The expression levels of KCTD12 were compared between different types of 
carcinomas and matched normal samples. KCTD12, potassium channel tetramerization domain containing 12. *P<0.05, **P<0.01, ***P<0.001.

Figure S2 KCTD12 expression levels were negatively associated with methylation levels. Correlation analysis between KCTD12 expression 
levels and methylation levels in 50 BC cell lines. KCTD12, potassium channel tetramerization domain containing 12; BC, breast cancer.
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Figure S3 GSEA indicated that KCTD12 participated in the immune response of BC cell lines. GSEA was used on RNA-Seq data of 51 
BC cell lines grouped by KCTD12 expression levels, and the top 10 ranked pathways of the high KCTD12 expression group are shown. 
KCTD12, potassium channel tetramerization domain containing 12; GSEA, gene set enrichment analysis.


