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Abstract 

Background: This study aims to determine whether NEFM (neurofilament medium) DNA methylation correlates with 
immune infiltration and prognosis in breast cancer (BRCA) and to explore NEFM-connected immune gene signature.

Methods: NEFM transcriptional expression was analyzed in BRCA and normal breast tissues using Oncomine and 
Tumor Immune Estimation Resource (TIMER) databases. The relationship between NEFM DNA methylation and NEFM 
transcriptional expression was investigated in TCGA. Potential influence of NEFM DNA methylation/expression on 
clinical outcome was evaluated using TCGA BRCA, The Human Protein Atlas and Kaplan–Meier plotter databases. 
Association of NEFM transcriptional expression/DNA methylation with cancer immune infiltration was investigated 
using TIMER and TISIDB databases.

Results: High expression of NEFM correlated with better overall survival (OS) and recurrence-free survival (RFS) in 
TCGA BRCA and Kaplan–Meier plotter, whereas NEFM DNA methylation with worse OS in TCGA BRCA. NEFM tran-
scriptional expression negatively correlated with DNA methylation. NEFM DNA methylation significantly negatively 
correlated with infiltrating levels of B,  CD8+ T/CD4+ T cells, macrophages, neutrophils and dendritic cells in TIMER and 
TISIDB. NEFM expression positively correlated with macrophage infiltration in TIMER and TISIDB. After adjusted with 
tumor purity, NEFM expression  weekly negatively correlated with infiltration level of B cells, whereas positively corre-
lated with  CD8+ T cell infiltration in TIMER gene modules. NEFM expression/DNA methylation correlated with diverse 
immune markers in TCGA and TISIDB.

Conclusions: NEFM low-expression/DNA methylation correlates with poor prognosis. NEFM expression positively 
correlates with macrophage infiltration. NEFM DNA methylation strongly negatively correlates with immune infiltra-
tion in BRCA. Our study highlights novel potential functions of NEFM expression/DNA methylation in regulation of 
tumor immune microenvironment.

Keywords: Breast cancer, NEFM, DNA methylation, Lymphocytes, Tumor-infiltrating, Prognosis

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Breast cancer (BRCA) is the most common malignancy 
among females worldwide. Clinical outcome has been 
improved over the past two decades with currently avail-
able modalities, including surgery, chemotherapy, endo-
crine therapy, radiotherapy, and targeted therapy, but 
BRCA treatment remains challenging because of high 
heterogeneity [1–3]. Immunotherapy is emerging as 
new therapeutics in BRCA. Several immunotherapeutic 
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agents have been explored in various tumors, includ-
ing adoptive cell therapies, vaccines, oncolytic viruses, 
and most notably immune check point blockade (ICB). 
Agents of ICB such as inhibitors of cytotoxic T-lym-
phocyte-associated antigen (CTLA-4), programmed cell 
death receptor1 (PD-1), and programmed cell death1 
ligand1 (PD-L1) have been widely used in solid tumors, 
refractory cancers harboring microsatellite instability 
and classical Hodgkin lymphoma. Notably, anti-PD-L1 
antibody atezolizumab in combination with nab-pacli-
taxel has been approved for the treatment of metastatic 
triple-negative breast cancer (TNBC) [1–4]. Expres-
sion of PD-L1 in infiltrating immune cells is required for 
response to atezolizumab plus nab-paclitaxel in IMpas-
sion130 trial [5].

Tumor-infiltrating lymphocytes (TILs) comprise a 
mixture of cytotoxic T cells, helper T cells, B cells, mac-
rophages, natural killer cells, and dendritic cells, which 
have been observed in many solid tumors, including 
BRCA. TILs may provide prognostic and predictive clues 
in BRCA and other cancers. To date, robust predictive 
biomarkers for immunotherapy have not been estab-
lished in BRCA [1, 6]. TILs are more commonly observed 
at higher levels in TNBC and HER2-positive BRCA com-
pared with estrogen receptor (ER)-positive and HER2-
negative BRCA [1, 7, 8]. TILs may be associated with 
improved prognosis and better response rates to neoad-
juvant therapy [7].

The NEFM (neurofilament medium), located on 
8p21.2, encodes neurofilament medium polypeptide and 
assembles along with neurofilament heavy polypeptide 
(NEFH) and neurofilament light polypeptide (NEFL) into 
10-nm filamentous structures, known as neurofilaments. 
Neurofilaments comprise axon skeleton functionally to 
maintain neuronal caliber and participate in intracel-
lular transport to axons and dendrites. Neurofilaments 
have been implicated in biopathology of neurological 
diseases, including MDD (major depressive disorder) 
[8–11]. NEFM belongs to dopamine receptor-interacting 
protein (DRIP) gene family, which affects multi-aspects 
of dopamine receptor activity [12]. Besides, NEFM is 
associated with early response to antipsychotic medica-
tion [13]. Importantly, NEFM is involved in tumorigene-
sis/carcinogenesis [14–16]. NEFL and NEFM are located 
within 8p21, and LOH of this chromosome region has 
been described in several cancers including BRCA [17–
19]. Additionally, NEFM is potentially involved in pan-
creatic cancer development and progression. Moreover, 
aberrant expression and methylation of neurofilament 
genes have been detected in ovarian cancer, esophageal 
squamous cell cancer, renal cell cancer, glioblastoma, 
neuroendocrine tumors, prostate cancer, uterine carci-
nosarcoma, Ewing sarcoma, hepatocellular cancer and 

BRCA [14–23]. DNA methylation-mediated silencing of 
neurofilament genes (NEFH, NEFM, NEFL) is a frequent 
event that contributes to the development and progres-
sion of BRCA [8].

In ovine amniotic epithelium (oAECs) isolated from 
late amnia, NEFM mRNA levels were significantly 
increased, while immunomodulatory effect of inhibiting 
lymphocyte proliferation was lost, and global DNA meth-
ylation was enhanced. Myelin oligodendrocyte glycopro-
tein induced incomplete tolerance of CD4 (+) T cells 
specific for myelin and neuronal self-antigen NEFM in 
mice [24, 25]. These studies suggest that NEFM is related 
to immune response. However, the relationship of NEFM 
with TILs in tumor progression or immunotherapy 
remains unclear.

In this study, association between NEFM expres-
sion and prognosis of BRCA was explored using TCGA 
(The Cancer Genome Atlas), The Human Protein Atlas, 
Oncomine and Kaplan–Meier plotter. In addition, asso-
ciation between NEFM DNA methylation and NEFM 
transcriptional expression was analyzed using BRCA 
samples in TCGA. Moreover, the relationship of NEFM 
transcriptional expression and NEFM DNA methylation 
with tumor-infiltrating immune cells was investigated 
in TCGA BRCA based on Tumor Immune Estimation 
Resource (TIMER) and TISIDB (tumor–immune system 
interactions).

Results
NEFM transcriptional expression levels in various cancers
Differential transcriptional expression of NEFM was pro-
filed in tumor and adjacent non-malignant/normal tis-
sues of multiple cancer types using Oncomine database. 
NEFM transcriptional expression was downregulated in 
most cancers, including brain and CNS, breast, colorec-
tal, gastric, kidney, esophageal, ovarian, head and neck, 
cervical cancers, and lymphoma, while NEFM transcrip-
tional expression was upregulated in bladder, breast, 
kidney, lung cancer, and sarcoma (Fig. 1a). To explore dif-
ferential expression of NEFM between tumor and normal 
tissues, RNA-seq data derived from multiple malignan-
cies in TCGA were examined by TIMER. NEFM expres-
sion was significantly lower in BLCA (bladder urothelial 
carcinoma), BRCA (breast invasive carcinoma), COAD 
(colon adenocarcinoma), HNSC (head and neck carci-
noma), LUAD (lung adenocarcinoma), PRAD (prostate 
adenocarcinoma), READ (rectum adenocarcinoma), 
STAD (stomach adenocarcinoma), KICH (kidney chro-
mophobe), KIRC (kidney renal clear cell carcinoma), and 
UCEC (uterine corpus endometrial carcinoma), com-
pared with adjacent normal tissues. By contrast, NEFM 
expression was comparable between tumor and normal 
tissues in THCA (thyroid carcinoma), KIRP (kidney renal 
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papillary cell carcinoma), CHOL (cholangiocarcinoma), 
ESCA (esophageal adenocarcinoma), LIHC (liver hepa-
tocellular carcinoma), LUSC (lung squamous carcinoma), 
THCA (thyroid carcinoma) and LIHC (liver hepatocellu-
lar carcinoma) (Fig. 1b).

Prognostic potential of NEFM in cancers
Potential impact of NEFM expression on overall sur-
vival (OS) was evaluated in Pan-cancer RNA-seq in 

Kaplan–Meier plotter (Table  1, Fig.  2e–r.) Notably, a 
higher level of NEFM expression correlated with favora-
ble OS of pancreatic ductal adenocarcinoma, pheochro-
mocytoma and paraganglioma, whereas with poor OS 
of kidney renal clear cell carcinoma, lung adenocarci-
noma, stomach adenocarcinoma, bladder carcinoma, 
head–neck squamous cell carcinoma, ovarian cancer 
and sarcoma as demonstrated in Kaplan–Meier plotter 
databases.

Fig. 1 NEFM transcriptional expression levels in different types of human cancers. a Increased or decreased NEFM in different cancers compared 
with normal tissues in Oncomine database. b Human NEFM transcriptional expression levels in different tumor types from TCGA database as 
determined by TIMER. (*p < 0.05; **p < 0.01; ***p < 0.001)

Table 1 Impact of NEFM on overall survival (OS) in Pan-cancer RNA-seq in Kaplan–Meier plotter

Significant p value < 0.05 is in bold

Cancers No. of patients MST (OS,Month) HR p

NEFM high 
expression

NEFM low 
expression

Kidney renal clear cell carcinoma 530 36.57 52.23 1.49 0.031
Lung adenocarcinoma 501 40.3 54.4 1.55 0.0046
Stomach adenocarcinoma 371 25.97 56.2 1.5 0.025
Bladder carcinoma 405 31.37 42.33 1.35 0.047
Head–neck squamous cell carcinoma 499 37.8 66.73 1.43 0.012
Ovarian cancer 373 43.8 45.47 1.37 0.027
Sarcoma 259 36.27 82.13 1.96 0.0011
Pancreatic ductal adenocarcinoma 177 22.03 15.57 0.57 0.011
Cervical squamous cell carcinoma 304 29.3 68.4 1.52 0.13

Lung squamous cell carcinoma 495 44.87 71.1 1.33 0.059

Rectum adenocarcinoma 502, NA NA 3.17 0.098

Thyroid carcinoma 502 NA NA 0.36 0.053

Pheochromocytoma and paraganglioma 178 NA NA 0.18 0.035
Uterine corpus endometrial carcinoma 543 103.73 51.6 0.7 0.097
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Lower NEFM expression (n = 545; MST: 149  months) 
was associated with worse OS, compared to higher 
expression (n = 544; MST: NA, and p = 0.0017) (Fig. 2a) 
in females in (TCGA) BRCA cohort, while NEFM pro-
tein expression correlated with favorable OS (p = 0.0014) 
in Human Protein Atlas database (Fig.  2b). In univari-
able Cox proportional hazards regression models clini-
cal stage (p < 0.001), NEFM expression (p = 0.002), 
menopause (p = 0.04), age (p < 0.001), ER (p = 0.007), 
PR (p = 0.013), HER2 (p = 0.021) were prognostic fac-
tors for OS. Furthermore, clinical stage (p < 0.001), age 
(p = 0.001), and NEFM expression (p = 0.031) remained 
as independent prognostic factors of OS in multivariable 
Cox proportional hazards regression model (Table 2). To 
further explore prognostic potential of NEFM in tumors, 
Kaplan–Meier plotter derived from Affymetrix micro-
arrays was applied. In accordance with TCGA BRCA, 
higher NEFM expression correlated with better progno-
sis of BRCA (OS: MST: 143 vs. 88.67 months for high vs. 
low NEFM expression, n = 1402, HR = 0.75, 95% CI 0.59–
0.97, p = 0.025; recurrence-free survival (RFS): MST: 69.2 
vs. 37.8  months, n = 3951, HR = 0.7, 95% CI 0.62–0.78, 
p = 1.5e−10) (Fig. 2c, d).

Inverse correlation of NEFM DNA methylation with NEFM 
transcriptional expression
Genome-wide DNA methylation array and gene expres-
sion profiles of breast tissues from TCGA were explored 
to investigate the relationship of DNA methylation with 
transcriptional expression of NEFM. Methylation levels 
of NEFM were tested in Illumina Infinium HumanMeth-
ylation450 array and Illumina Infinium HumanMeth-
ylation27 array based on 24 and 2 Infinium probes, 
respectively, in 1103 tumors versus 123 normal breast 
tissues (788 tumors vs. 96 normal with HumanMethyla-
tion450 array; 315 tumors vs. 27 normal with Human-
Methylation27 array). Comparing with normal tissues, 
higher levels of NEFM DNA methylation of NEFM were 
observed in tumors (Fig.  3b–d), while NEFM transcrip-
tional expression was lower in tumor based on BRCA 

Illumina HiSeq RNA-Seq dataset including 1110 tumors 
versus 113 normal breast tissues (Fig.  3a). In addi-
tion, levels of 3 DNA methyltransferases were signifi-
cantly different between NEFM high-expression group 
and low-expression group. Higher levels of DNMT1 
(12.45 vs. 12.65), DNMT3A (11.41 vs. 11.57), DNMT3B 
(8.97 vs. 9.33) were observed in NEFM low-expression 
group (Fig.  3e–g, p < 0.001). Integrated analysis con-
firmed the inverse relationship of NEFM DNA methyla-
tion in Illumina Infinium HumanMethylation450 array 
with NEFM transcriptional expression in TCGA breast 
tumors (Fig.  3h–j). In TCGA BRCA HumanMethyla-
tion450K cohort, higher level of NEFM DNA methyla-
tion of NEFM was associated with poor OS (HR = 1.6 
p = 0.035) (Table 3). Six loci of NEFM DNA methylation 
were significantly associated with OS in BRCA based on 
univariable Cox proportional hazards regression survival 
analysis (cg02761376, HR = 1.56, p = 0.045; cg07502389, 
HR = 1.76, p = 0.012; cg09234518, HR = 1.96, p = 0.003; 
cg18267374, HR = 1.75, p = 0.013; cg19677607, HR = 1.6, 
p = 0.038; cg26330518, HR = 1.56, p = 0.044). cg26330518 
is located in promoter N_Shore, the other five loci are 
located in promoter CpG island region.

The genes and pathways connected with NEFM 
transcriptional expression/DNA methylation
Differentially expressed genes associated with NEFM 
expression or NEFM DNA methylation were profiled 
through comparison between NEFM/NEFMmet high and 
low groups in TCGA BRCA cohort. Totally, 164 up-reg-
ulated and 546 down-regulated genes were significantly 
associated with NEFM expression, while 103 up-regu-
lated and 641 down-regulated genes were significantly 
associated with NEFM DNA methylation (with absolute 
value of log2foldchange > 1, and adjust p value < 0.05; 
Fig. 4a, d; Additional files 1, 2: Tables S1–S2). The top 50 
differentially expressed genes were presented as expres-
sion heatmaps (Fig.  4b, e). Critical signal transduction 
pathways involved in NEFM expression included neuro-
active ligand-receptor interaction, protein digestion and 

Fig. 2 Kaplan–Meier survival curves of high versus low expression of NEFM in TCGA, Human Protein Atlas and Kaplan–Meier plotter databases. 
(OS: overall survival; NA: not applicable; RFS: recurrence-free survival). a OS curves of BRCA in TCGA. Low NEFM mRNA expression correlated with 
poor OS in TCGA_BRCA cohort (median OS: 149 vs. NA months, p = 0.0017). b OS curves of BRCA in Human Protein Atlas database. NEFM protein 
expression correlated with favorable OS (p = 0.0014). c RFS curves of BRCA in Kaplan–Meier plotter databases (median RFS: 37.8 vs. 69.2 months, 
p = 1.5e-10). d OS curves of BRCA in Kaplan–Meier plotter databases (median OS: 88.67 vs. 143 months p = 0.025). e–r. OS curves of pan_cancer 
in Kaplan–Meier plotter databases. e Cervical squamous cell carcinoma; f kidney renal clear cell carcinoma; g lung adenocarcinoma; h lung 
squamous cell carcinoma; i pancreatic ductal adenocarcinoma; j pheochromocytoma and paraganglioma; k rectum adenocarcinoma; l stomach 
adenocarcinoma; m thyroid carcinoma; n uterine corpus endometrial carcinoma; o bladder carcinoma; p head–neck squamous cell carcinoma; 
q ovarian cancer; r Sarcoma. High NEFM expression correlated with favorable OS of pancreatic ductal adenocarcinoma, pheochromocytoma and 
paraganglioma, whereas with poor OS of kidney renal clear cell carcinoma, lung adenocarcinoma, stomach adenocarcinoma, bladder carcinoma, 
head–neck squamous cell carcinoma, ovarian cancer and sarcoma in Kaplan–Meier plotter databases

(See figure on next page.)
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absorption, chemical carcinogenesis, cAMP signaling 
pathway, IL-17 signaling pathway, and cytokine–cytokine 
receptor interaction by KEGG enrichment analysis 
(Fig.  4c). Cytokine–cytokine receptor interaction, viral 
protein interaction with cytokine and cytokine receptor, 
primary immunodeficiency, hematopoietic cell lineage, 
chemokine signaling pathway, neuroactive ligand–recep-
tor interaction, T cell receptor signaling pathway, natural 
killer cell-mediated cytotoxicity, IL-17 signaling path-
way, and NF-kappa B signaling pathway were the top 10 
pathways closely associated with NEFM DNA  methyla-
tion based on KEGG enrichment analysis. Notably, some 
pathways involved in immune response such as Th17 
cell differentiation, graft-versus-host disease, intestinal 
immune network for IgA production, Th1 and Th2 cell 
differentiation, as well as PD-L1 expression and PD-1 
checkpoint pathway in cancer, were significantly associ-
ated with NEFM methylation (Fig. 4f ).

Correlation of NEFM transcription/DNA methylation 
with immune infiltration in breast cancer
Relationship of NEFM transcriptional expression/DNA 
methylation with immune infiltration in breast can-
cer was assessed using correlation analysis and TISIDB 
databases. NEFM transcriptional expression was weakly 
(R < 2) to moderately (2 < R < 3) positively associated 
with infiltration levels of macrophages and neutrophils 
using correlation analysis and TISIDB database (Fig. 5a, 
c). NEFM transcriptional expression was weakly posi-
tively associated with infiltration levels of CD8 + T cells, 
CD4 + T cells by correlation analysis, whereas weakly to 
moderately negatively associated with infiltration lev-
els of activated CD8 + T cells, activated CD4 + T cells in 
TISIDB database (Fig.  5a, c). Since the different results 
from correlation analysis and TISIDB databases, TIMER 
gene modules were applied to evaluate the relation-
ship of NEFM transcriptional expression with immune 

infiltration in breast cancer. In TIMER gene modules, 
NEFM transcriptional expression positively correlated 
with infiltration levels of  CD8+ T cell, macrophage, neu-
trophil, and dendritic cell, and negatively correlated with 
infiltration level of B cell and tumor purity, whereas not 
with infiltration level of  CD4+ T cell. After adjusted 
with tumor purity, NEFM expression weekly negatively 
correlated with infiltration level of B cell and positively 
correlated with macrophage and  CD8+ T cell. NEFM 
DNA methylation was moderately to strongly (R > 3) 
negatively associated with infiltration levels of B cells, 
CD8 + T cells, CD4 + T cells, macrophages, neutrophils, 
and dendritic cells using correlation analysis and TISIDB 
database (n = 785) (Fig. 5b, d). Interestingly, NEFM tran-
scriptional expression weakly negatively correlated to 
infiltration levels of M2 macrophage, while NEFM DNA 
methylation weakly negatively correlated to infiltra-
tion levels of M1 macrophage and positively correlated 
to infiltration levels of M2 macrophage with correlation 
analysis (Fig.  5e). Collectively, NEFM expression posi-
tively correlated with macrophage infiltration in TIMER 
and TISIDB; after adjusted with tumor purity, NEFM 
expression also weekly negatively correlated with infiltra-
tion level of B cell and positively correlated with  CD8+ 
T cell in TIMER gene modules. However, NEFM DNA 
methylation was significantly negatively associated with 
immune infiltration in breast cancer. NEFM expression/
DNA methylation might play a specific role in immune 
infiltration in BRCA.

Correlation of NEFM transcriptional expression/DNA 
methylation with immune markers
Relationship of NEFM transcriptional expression/
DNA methylation with immune markers was evalu-
ated using TISIDB and TCGA databases. NEFM tran-
scriptional expression weakly to moderately correlated 
with ADORA2A, CSF1R, IDO1, KDR, LAG3, TGFBR1, 

Table 2 Univariable and multivariable Cox proportional hazards regression models of NEFM expression with clinicopathological 
features in TCGA BRCA cohort

HR: hazard ratio; CI 95: 95% confidence interval; subgroup: luminal A, luminal B, positive HER2, basal, normal; stage: I, II, III, IV; NEFM: low or high expression by median. 
Age, ER, PR, HER2 was divided into two groups according to the median, respectively. Significant p values < 0.05 are in bold

Characteristics Univariate Multivariate

HR CI95 p HR CI95 p

Subgroup 1.03 0.89–1.2 0.648

Stage 1.8 1.38–2.35  < 0.001 1.83 1.34–2.51  < 0.001
NEFM 0.53 0.36–0.8 0.002 0.58 0.36–0.95 0.031
Age 1.03 1.02–1.05  < 0.001 1.03 1.01–1.05 0.001
ER 0.56 0.37–0.85 0.007 0.62 0.3–1.28 0.198

PR 0.6 0.4–0.9 0.013 0.67 0.33–1.37 0.271

HER2 1.75 1.09–2.8 0.021 1.61 0.96–2.69 0.071
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Fig. 3 The correlation between NEFM transcriptional expression and DNA methylation of NEFM in TCGA BRCA cohort. a NEFM transcriptional 
expression was downregulated in BRCA compared with normal breast tissue. b–d NEFM DNA methylation was enhanced in BRCA compared with 
normal breast tissue (b NEFMmet = mean beta value of NEFM DNA methylation using 24 probe of HumanMethylation450K platform and 2 probe of 
HumanMethylation27K; c NEFMmet = mean beta value of NEFM DNA methylation of HumanMethylation450K platform; d NEFMmet = mean beta 
value of NEFM DNA methylation of HumanMethylation27K platform). e–g Significant higher DNA methyltransferase was connected with NEFM low 
expression. e DNMT1 median expression 12.65 vs. 12.45 in NEFM low vs. high-expression group, p < 0.001; f DNMT3A median expression 11.57 vs. 
11.41 in NEFM low vs. high-expression group, p < 0.001; g DNMT1 median expression 9.33 vs. 8.97 in NEFM low- vs. high-expression group, p < 0.001). 
h–j. DNA methylation of NEFM inversely correlated with NEFM expression. h NEFMmet = log2 mean beta value of NEFM DNA methylation of 24 
probe of HumanMethylation450K platform, HR = − 0.21, p = 3.9e−09; i NEFMmet = log2 beta value of cg17078116 probe, HR = − 0.29, p < 2.2e−16; j 
NEFMmet = log2 beta value of cg26980244 probe, HR = − 0.30, p < 2.2e−16
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VTCN1, C10orf54, CD276, CD40, CD70, ENTPD1, 
NT5E, PVR, TMEM173, TNFRSF13B, TNFRSF17, 
TNFSF4 (1 < R < 3) and strongly correlated with CXCL12 
and TGFB1 (R > 3). Except positive relation with PVRL2 
but no relation with CD276, RAET1E, TNFRSF14, 
TNFRSF18, or TNFSF13, NEFM DNA methylation sig-
nificantly negatively correlated with almost all immu-
nomodulators collected from Charoentong’s study 
(Table  4). NEFM transcriptional expression was weakly 
associated with major histocompatibility complex 
(MHC)-related molecules B2M, HLA-DPB1. Except 
TAPBP, NEFM DNA methylation was significantly nega-
tively associated with all MHC-related molecules listed 
in TISIDB database (Table  5). NEFM transcriptional 
expression significantly positively correlated with CCL14, 
CCL21, CXCL12, CXCL14, CCL28, CCR10 and CX3CR1 
and negatively correlated with CCL7, CCL8, CCL18, 
while NEFM DNA methylation was significantly nega-
tively associated with most chemokines and receptors 
listed in TISIDB (Fig. 6).

Discussion
In this study, NEFM transcriptional expression was 
downregulated and negatively correlated with DNA 
methylation in breast cancer. Enhanced DNA meth-
ylation on six loci within NEFM located on promoter 
CpG island or shore was associated with poor survival. 
Besides, NEFM transcriptional expression correlated 
with better prognosis and correlated with increased 
macrophage; after normalized with tumor purity, NEFM 
expression correlated with increased  CD8+ T cell, 
whereas decreased B cell infiltration in BRCA. NEFM 
DNA methylation correlated with decreased infiltra-
tion levels of B cells, CD8 + T cells, CD4 + T cells, mac-
rophages, neutrophils, and dendritic cells and diverse 
immune markers. Therefore, our study provides new evi-
dence to support a role of NEFM transcriptional expres-
sion/NEFM DNA methylation in BRCA.

NEFM polypeptide is one of the four subunits compris-
ing neurofilaments, the most abundant intermediate fila-
ments in nervous system. In addition, NEFM, NEFL and 

Table 3 Univariable Cox proportional hazards regression survival analyses of different NEFM DNA methylation loci in TCGA BRCA 
HumanMethylation450K platform

HR: hazard ratio; CI 95: 95% confidence interval. Significant p Values < 0.05 are in bold. NEFMmet: mean beta value of all DNA methylation loci of NEFM. Seven DNA 
methylation loci of NEFM including NEFMmet were connected with survival

VarNames UCSC_RefGene_Group Relation_to_UCSC_CpG_
Island

HR CI95 p

NEFMmet 1.6 1.03–2.48 0.036
cg01583969 5’UTR;Body S_Shore 1.47 0.95–2.28 0.086

cg02002551 5’UTR;Body S_Shore 1.14 0.74–1.76 0.545

cg02106941 TSS1500;1stExon Island 0.97 0.63–1.49 0.888

cg02761376 TSS1500;1stExon Island 1.56 1.01–2.42 0.045
cg03012544 Body;Body S_Shore 1.14 0.74–1.75 0.555

cg03169018 TSS200;Body Island 1.2 0.78–1.84 0.412

cg04118306 TSS200;1stExon Island 0.97 0.63–1.49 0.885

cg07502389 TSS200;TSS1500 Island 1.76 1.14–2.74 0.012
cg07552803 TSS1500;1stExon Island 1.31 0.85–2.02 0.216

cg09234518 TSS200;TSS1500 Island 1.96 1.25–3.07 0.003
cg12026749 5’UTR;Body S_Shore 1.24 0.8–1.9 0.335

cg13387869 3’UTR;3’UTR S_Shelf 0.84 0.55–1.29 0.424

cg16459364 TSS200;TSS1500 Island 1.14 0.74–1.76 0.557

cg17078116 TSS200;1stExon Island 1.11 0.72–1.7 0.647

cg18267374 TSS1500;5’UTR;1stExon Island 1.75 1.13–2.72 0.013
cg18898125 TSS1500 N_Shore 1.22 0.79–1.87 0.368

cg19677607 TSS200;1stExon Island 1.6 1.03–2.48 0.038
cg20585869 TSS200;1stExon Island 0.78 0.5–1.2 0.261

cg22562942 TSS200;1stExon Island 1.35 0.87–2.1 0.181

cg23290344 TSS1500;1stExon Island 1.34 0.87–2.06 0.188

cg24705551 Body;Body S_Shelf 1.12 0.73–1.72 0.596

cg26330518 TSS1500 N_Shore 1.56 1.01–2.41 0.044
cg26980244 5’UTR;1stExon;Body Island 1.42 0.92–2.19 0.116

cg27475652 Body;Body S_Shelf 1.04 0.67–1.6 0.867
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NEFH act as onco-suppressors for affecting cell prolif-
eration and correlate with worse prognosis [8, 31, 32]. It 
was reported that methylation-mediated inactivation of 
NEFH, NEFL or NEFM was common in primary breast 
tumors compared to normal breast tissues and corre-
lated with clinical features of disease progression. DNA 

methylation-mediated inactivation of NEFH, NEFL and 
NEFM also occur in other types of cancer originated 
from pancreas, gastric and colon [8]. Consistently, we 
demonstrated that NEFM transcriptional expression 
was downregulated in most cancers including breast, 
colorectal, gastric, kidney, head and neck, compared 

Fig. 4 Genes and pathways connected with NEFM transcriptional expression/DNA methylation in TCGA BRCA cohort. a Volcano plot of 
differentially expressed gene profiles between NEFM high-expression group and NEFM low-expression group (absolute log2 (fold change) > 1, 
adjp < 0.05). b Expression heatmap of the top 50 NEFM-associated genes. The top curve described NEFM’s expression distribution of 1096 BRCA 
samples. c Bar plot of the NEFM expression_related signaling pathways derived from KEGG Eenrichment analysis. d Volcano plot of differentially 
expressed gene profiles between NEFM high DNA methylation group and NEFM low DNA methylation group (absolute log2 (fold change) > 1, 
adjp < 0.05). e Expression heatmap of the top 50 NEFM DNA methylation-associated genes. The top curve described NEFM methylation distribution 
of 691 BRCA samples. f Bar plot of NEFM methylation-related signaling pathways derived from KEGG enrich analysis



Page 10 of 18Li et al. Clin Epigenet          (2021) 13:112 

with normal tissues in Oncomine and TIMER databases. 
NEFM DNA methylation negatively correlated with sur-
vival and NEFM transcriptional expression in BRCA. In 
our study, DNA methyltransferases (DNMT1, DNMT3A 
and DNMT3B) were highly expressed in NEFM low-
expression group in TCGA BRCA samples, suggesting 
that DNMT1, DNMT3A and DNMT3B might contribute 
to NEFM silencing in BRCA. Emerging evidence indi-
cates that promoter methylation is associated with gene 
silencing, development, progression and chemotherapy 
sensitivity of BRCA [2, 33, 34]. Therefore, the identi-
fication of novel tumor-suppressive genes targeted by 
promoter methylation can reveal tumor-suppressive 
pathways in breast carcinogenesis and explore alterna-
tive approaches for diagnostic and therapeutic evalua-
tion. We investigated the relationship between 24 loci 
within NEFM gene and prognosis in BRCA and identified 
enhanced NEFM DNA methylation of six out of 16 loci 
located on promoter CpG island related to poor survival.

Elevated levels of anti-NEFM antibodies were detected 
in various neurological diseases, including autoim-
mune diseases, non-immune-mediated conditions, and 
even in individuals being considered normal or with 
disorders unrelated to intrathecal space, such as mul-
tiple sclerosis, schizophrenia, spondylogenic headache 
or neurastenia. Therefore, anti-NEFM antibodies may 
be regarded as natural circulating auto-antibodies [35, 
36]. Poly-specific T cells targeting distinct self-antigens 
have been identified in healthy individuals as well as in 
the context of autoimmunity. T cell recognizes NEFM 
protein, with implications for aggravation and perpetua-
tion of central nervous system autoimmunity [37]. How-
ever, whether NEFM is involved in regulating antitumor 
immunity with clinical significance in breast cancer 
remains unknown. In this study, positive association of 
NEFM expression with infiltration level of macrophage 
was replicated by correlation analysis, TIMER2.0 gene 

module and TISIDB; however, relationship of NEFM 
expression with infiltration levels of other TILs varied, 
possibly due to different numbers of available TCGA 
samples used for batch correction and differences in 
calculation methods. TIMER gene module (version 2.0) 
provides abundance of immune infiltration estimated by 
multiple immune deconvolution methods and adjusted 
by tumor purity, which is a major confounding factor 
in this analysis, and thus, the results are more accurate, 
with more reliable biological significance. Relationship of 
NEFM transcriptional expression with immunomodula-
tors has implicated its involvement in regulating tumor 
immunology in BRCA. Firstly, macrophage markers IL6, 
CSF1R, CXCL12 were weak-to-strong positively associ-
ated with NEFM expression, which could reveal a poten-
tial role of NEFM transcriptional expression in regulating 
polarization of tumor-associated macrophage (TAM). 
In addition, NEFM transcriptional expression was posi-
tively associated with levels of T-cell exhaustion mark-
ers, specifically ADORA2A, VISTA and CCR4 [38, 39]. 
Moreover, NEFM was positively associated with ecto-
nucleotidases CD39 and CD73, novel checkpoint inhibi-
tors that interfere with anti-tumor immune responses 
[40]. NEFM negatively correlated with PVR (CD155), an 
immune checkpoint on tumor cells and interacting with 
CD96, CD226, and TIGIT (T cell immune receptor with 
immunoglobulin and ITIM domains) on TILs to modu-
late immune function in tumor microenvironment [41]. 
In addition, NEFM significantly positively correlated with 
TGFB1, TGFBR1. Depending on the presence of other 
secreted factors and cell surface co-receptors, TGFB can 
either suppress adaptive immune responses (through 
induction and stabilization of Tregs and directly sup-
pressing Th1 cell, Th2 cell and CD8 + T cell) or enhance 
adaptive responses (through induction of Th17 cell, Th9 
cell and CD4 + CTL-like effector cell) [42]. The relation-
ship of NEFM with TILs in BRCA may partially rely on 

(See figure on next page.)
Fig. 5 Correlation of NEFM transcriptional expression/DNA methylation with immune infiltration levels in BRCA. a NEFM transcriptional expression 
weakly positively correlated to infiltration levels of CD8 + T cells, CD4 + T cells and macrophages in BRCA in TIMER database by correlation 
analysis. NEFM expression showed very weak positive association with infiltration levels of neutrophils and dendritic cells in TCGA BRCA in TIMER 
database (n = 703). b DNA methylation of NEFM had significant negative association with infiltration levels of B cells, CD8 + T cells, CD4 + T cells, 
macrophages, neutrophils, and dendritic cells in TIMER database by correlation analysis (n = 703). c NEFM expression had weak positive association 
with infiltration levels of activated B cells, macrophages and moderate positive association with infiltration levels of neutrophils, whereas negative 
association with infiltration levels of activated CD8 + T cells, activated CD4 + T cells and activated dendritic cells in BRCA in TISIDB database 
(n = 1100). d DNA methylation of NEFM significantly negatively correlated with infiltration levels of activated B cells, activated CD8 + T cells, 
activated CD4 + T cells, macrophages, neutrophils, and activated dendritic cells in TISIDB database (n = 785). e NEFM expression weakly negatively 
correlated with infiltration levels of M2 macrophage; DNA methylation of NEFM negatively correlated with infiltration levels of M1 macrophage 
whereas positively correlated with infiltration levels of M2 macrophage in TIMER database (n = 703). f NEFM transcriptional expression positively 
correlated with infiltration levels of CD8 + T cells, macrophages, neutrophils, dendritic cells and negatively correlated with infiltration level of B cells 
in TIMER gene modules (n = 1100). e After adjusted by tumor purity, NEFM expression weekly negatively correlated with infiltration level of B cell 
and positively correlated with infiltration levels of macrophages and CD8 + T cells in TIMER gene modules (n = 1100)
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Table 4 Correlation of NEFM transcriptional expression/DNA methylation with immunomodulators based on TISIDB and 
TCGA database

Immunomodulators NEFM expression NEFM DNA methylation

TISIDB rho, n=1100
 (TCGA R, n = 808)

p TISIDB rho, n=785
 (TCGA R, n = 808)

P

ADORA2A 0.137  (0.15) 5.07e−6 (2.5e−05) − 0.095  (− 0.004) 0.00751 (0.26)

BTLA 0.032  (0.041) 0.296 (0.240) − 0.477  (− 0.35) 2.2e−16
CD160 − 0.019  (0.07) 0.539 (0.046) − 0.157  (− 0.15) 9.61e−06 (1.5e−05)
CD244 0.06  (0.076) 0.0467 (0.032) − 0.525 (− 0.35)  < 2.2e−16
CD274(PD-L1) − 0.006 (0.038) 0.854 (0.28) − 0.304 (− 0.28) 4.23e−18 (2.3e−15)
CD96 0.037 (0.042) 0.226 (0.23) − 0.479 (− 0.34)  < 2.2e−16
CSF1R 0.132 (0.11) 0.22e−05 (0.0027) − 0.44 (− 0.34)  < 2.2e−16
CTLA4 − 0.028 (0.00073) 0.357 (0.98) − 0.432 (0.3)  < 2.2e−16
HAVCR2 0.008 (− 0.0079) 0.789 (0.82) − 0.298 (− 0.21) 2.16e−17 (1.8e−09)
IDO1 − 0.112 (− 0.1) 0.000203 (0.0036) − 0.384 (− 0.26)  < 2.2e−16 (1.2e−13)
IL10 − 0.003 (− 0.025) 0.921 (0.48) − 0.388 (− 0.29)  < 2.2e−16
IL10RB − 0.08 (− 0.036) 0.00821 (0.31) − 0.262 (− 0.2) 1.08e−13 (1.3e−08)
KDR(VEGFR) 0.127 (0.11) 2.51e−05 (0.0017) − 0.117 (− 0.15) 0.000984 (2.9e−05)
LAG3 − 0.171 (− 0.14) 1.11e−08 (4.5e−05) − 0.314 (− 0.2) 2.38e−19 (6.9e−09)
LGALS9 − 0.051 (− 0.059) 0.0912 (0.093) − 0.293 (− 0.17) 9.15e−17 (1.2e−06)
PDCD1 0.007 (0.023) 0.816 (0.51) − 0.43 (− 0.29)  < 2.2e−16
PDCD1LG2 0.066 (0.076) 0.0281 (0.031) − 0.476 (− 0.34)  < 2.2e−16
PVRL2(NECTIN2) 0.027 (0.045) 0.378 (0.2) 0.32 (0.14) 2.9e−20 (9.9e−05)
TGFB1 0.32 (0.3)  < 2.2e−16 − 0.28 (− 0.2)3) 1.91e−15 (3.6e−11)
TGFBR1 0.214 (0.21) 9.26e−13 (2.7e−09) − 0.178 (− 0.13) 5.46e−07 (0.00014)
TGFBR2  (0.35)  < 2.2e−16  (− 0.33)  < 2.2e−16
TIGIT − 0.02 (− 0.0034) 0.509 (0.92) − 0.446 (− 0.31)  < 2.2e−16
VTCN1 0.207 (0.21) 4.34e−12 (2.4e−09) − 0.175 (− 0.07) 8.63e−07 (0.048)
C10orf54(VSIR, VISTA) 0.205 (0.18) 7.97e−12 (2.3e−07) − 0.552 (− 0.39)  < 2.2e−16
CD27(TNFRSF7) 0.097 ( (0.11) 0.00121 (0.0013) − 0.452 (− 0.31)  < 2.2e−16
CD276 0.168 (0.19) 2.12e−08 (9.7e−08) − 0.038 (− 0.065) 0.284 (0.068)

CD28 0.042 (0.038) 0.16 (0.28) − 0.458 (− 0.33)  < 2.2e−16
CD40 0.137 (0.15) 5.1e−06 (2.2e−05) − 0.553 (− 0.38)  < 2.2e−16
CD40LG 0.088 (0.093) 0.00346 (0.0081) − 0.457 (0.32)  < 2.2e−16
CD48 0.062 (0.062) 0.0391 (0.079) − 0.458 (− 0.31)  < 2.2e−16
CD70 0.108 (0.11) 0.000345 (0.0017) − 0.312 (− 0.17) 3.39e−19 (1.4e−06)
CD80 − 0.069 0.0228 − 0.259 (− 0.18) 1.95e−13 (2.8e−07)
CD86 − 0.028 (− 0.056) 0.357 (0.11) − 0.375  < 2.2e−16
CXCL12 0.467 (0.43)  < 2.2e−16 − 0.32 (− 0.2) 3.31e−20 (1.5e−08)
CXCR4 0.053 (0.087) 0.0763(0.013) − 0.313 (− 0.17) 3.11e−19 (8.2e−07)
ENTPD1(CD39) 0.267 (0.3) 2.85e−19 (< 2.2e−16) − 0.271 (− 0.23) 1.46e−14 (5.5e−11)
ICOS − 0.064 (− 0.044) 0.0341 (0.21) − 0.42 (− 0.29)  < 2.2e−16
ICOSLG 0.045 (0.0042) 0.15 (0.91) − 0.193 (− 0.027) 5.69e−08 (0.44)

IL2RA − 0.033 (− 0.022) 0.276 (0.53) − 0.454 (− 0.33)  < 2.2e−16
IL6 0.091 (0.087) 0.00266 (0.014) − 0.425 (− 0.3)  < 2.2e−16
IL6R − 0.012 (− 0.015) 0.7 (0.67) − 0.341 (− 0.29)  < 2.2e−16
KLRC1 0.004 (0.017) 0.907 (0.64) − 0.386 (− 0.28)  < 2.2e−16 (2.7e−16)
KLRK1 0.041 (0.075) 0.171 (0.033) − 0.456 (− 0.28)  < 2.2e−16 (4.3e−16)
LTA − 0.033 (− 0.015) 0.273 (0.66) − 0.413 (− 0.28)  < 2.2e−16 (1e−15)
MICB 0.003 (− 0.0094) 0.93 (0.79) − 0.047 (− 0.16) 0.186(3e−06)

NT5E(CD73) 0.224 (0.2) 6.85e−14 (1e−08) − 0.306 (− 0.28) 2.26e−18 (5.6e−16)
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chemokines and chemokine receptors. More and more 
studies have shown that chemokines and chemokine 
receptors are closely related to the immunity of breast 
cancer. NEFM transcriptional expression was negatively 
associated with CCL7, CCL8 and CCL18, which would 
recruit monocytes to differentiate into tumor-associated 
macrophages (TAMs) at the tumor site, indicating that 
NEFM may cause decreased M2 macrophage infiltra-
tion [43]. Furthermore, NEFM transcriptional expres-
sion was positively associated with CCL14, CCL21, 
CXCL12, CXCL14, CCL28, CCR10 and CX3CR1. 
Notably, CX3CR1 promotes macrophage recruitment 
during mammary tumor formation. Macrophages are 
attracted to tumor sites expressing chemotactic factors 
such as CCL7, CCL8 and CXCL12 [43, 44]. Addition-
ally, CXCL12 promotes neutrophil infiltration to tumors. 
Moreover, CXCL12 is a potent attractant of dendritic 
cells (DCs); CCL21 recruits DCs and regulatory T cells 
(Tregs) [45]. CCL14 participates in the infiltration of the 
tumor by anti-cancer TILs. CXCL14 is responsible for 
immune cell recruitment and maturation and is critical 
to upregulating major histocompatibility complex class I 
expression on tumor cells. CCL28 activates CCR10 and 
causes B cell and T cell migration [46–48].

Epigenetic mechanisms, including DNA methylation, 
histone posttranslational modifications and chromatin 

structure regulation, are critical for tumor microenvi-
ronment (TME) (including immune cells) interaction. 
Emerging evidence supports that tumors commonly 
hijack various methylation mechanisms to escape 
immune surveillance. Recent studies have identified a 
strong connection between epigenetics and cytokine 
production in tumorigenesis [49, 50]. Methyltrans-
ferases regulate production of interferons, cytokines and 
chemokines [51]. KMT3A (SETD2), a methyltransferase, 
is required for interferon pathway by catalyzing the 
methylation of STAT1, a key transcription factor of inter-
feron response [52]. DNMT suppresses MHC-I expres-
sion on tumor cells [53]. The upregulation of PD-L1 on 
tumor cells likely results from selection pressure exerted 
by T cell immune response. Epigenetic mechanisms cer-
tainly contribute to upregulation of PDL1 [54]. Meth-
ylation regulators KMT6A (EZH2), MBD2, TET2 and 
demethylase KDM5B have been implicated in lympho-
cyte development [55]. DNMT3A controls fate decision 
of early effector CD8 + T cell. Loss of DNMT3A leads to 
ineffective repression of genes that are supposed to be 
silenced in effector cells, thus generating fewer effector 
cells [56]. These studies have revealed special relationship 
between TME-infiltrating immune cells and DNA meth-
ylation modification, beyond RNA degradation. NEFM 
DNA methylation significantly negatively correlated with 

Significant p value < 0.05 is in bold

Table 4 (continued)

Immunomodulators NEFM expression NEFM DNA methylation

TISIDB rho, n=1100
 (TCGA R, n = 808)

p TISIDB rho, n=785
 (TCGA R, n = 808)

P

PVR − 0.204 (− 0.17) 1.05e−11 (8.9e−07) − 0.134 (− 0.11) 0.00017 (0.0019)
RAET1E 0.094 (0.12) 0.00182 (0.00065) − 0.073 (− 0.016) 0.0411 (0.65)

TMEM173(STING) 0.231 (0.2) 1.14e−14 (6.5e−09) − 0.263 (− 0.19) 9.54e−14 (1.1e−07)
TNFRSF13B 0.202 (0.21) 1.39e−11 (3.8e−09) − 0.419 (− 0.31)  < 2.2e−16
TNFRSF13C 0.068 (0.027) 0.0237 (0.44) − 0.346 (− 0.26)  < 2.2e−16 (4.6e−14)
TNFRSF14 0.048 (0.055) 0.109 (0.12) − 0.074 (0.044) 0.0377 (0.21)

TNFRSF17 0.113 (0.13) 0.000181(0.00037) − 0.396 (− 0.27)  < 2.2e−16 (3.9e−15)
TNFRSF18 − 0.029 (− 0.04) 0.335 (0.25) 0.064 (− 0.021) 0.0727 (0.00037)

TNFRSF25 0.014 (0.078) 0.646 (0.028) − 0.257 (− 0.14) 3.01e−13 (4.3e−05)
TNFRSF4 0.082 (0.082) 0.00664 (0.019) − 0.281 (− 0.18) 1.51e−15 (2.9e−07)
TNFRSF8 0.086 (0.085) 0.00424 (0.015) − 0.529 (− 0.37)  < 2.2e−16
TNFRSF9 0.03 (0.036) 0.319 (0.3) − 0.443 (− 0.36)  < 2.2e−16
TNFSF13 − 0.015 (0.028) 0.617 (0.42) 0.047 (0.075) 0.189 (0.035)

TNFSF13B − 0.015 (− 0.025) 0.623 (0.48) − 0.343 (− 0.25)  < 2.2e−16 (1.3e−12)
TNFSF14 0.082 (0.084) 0.00622 (0.017) − 0.45 (− 0.32)  < 2.2e−16
TNFSF15 0.095 (0.085) 0.00153 (0.015) − 0.201 (− 0.12) 1.36e−08 (0.00091)
TNFSF4 0.149 (0.17) 6.77e−07 (2.1e−06) − 0.081 (− 0.096) 0.0228 (0.0064)
TNFSF9 0.024 (0.086) 0.00165 (0.015) − 0.256 (− 0.11) 3.82e−13 (0.0012)
ULBP1 (NKG2D) − 0.029 (0.0054) 0.333 (0.88) − 0.159 (− 0.015) 7.37e−06 (0.68)
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various immunomodulators and most chemokines and 
receptors listed in TISIDB, which also contributed to 
decreased immune cells infiltration in BRCA.

M1 macrophages are involved in normal Th1 immune 
responses, whereas M2 macrophages support survival 
and dissemination of cancer cells via secretion of various 
factors, including cytokines, chemokines and enzymes, 
which recruit Tregs intratumorally to suppress antitu-
mor cytotoxicity [57]. We demonstrated that NEFM tran-
scriptional expression was significantly associated with 
IL-17 signaling pathway and cytokine–cytokine recep-
tor interaction by KEGG enrichment analysis. In breast 
cancer, we infer that NEFM transcriptional expression 
may affect survival partially through the decreased M2 
macrophage infiltration and anti-tumor cytotoxicity of 
cytokine–cytokine receptor interaction and IL-17 signal-
ing pathway. However, molecular mechanisms should be 
further investigated. One potential mechanism by which 
NEFM methylation associated with poor survival may 
be NEFM methylation inducing tumor immunosuppres-
sion depending on decreased TILs. Other mechanisms 
underlying relationship of NEFM DNA methylation with 
immune infiltration and poor prognosis in BRCA may 

include cytokine–cytokine receptor interaction, viral 
protein interaction with cytokine and cytokine recep-
tor, chemokine signaling pathway, natural killer cell-
mediated cytotoxicity, primary immunodeficiency, T cell 
receptor signaling pathway, IL-17 signaling pathway and 
PD-L1 expression and PD-1 checkpoint pathway in can-
cer, which are significantly associated with NEFM DNA 
methylation by KEGG enrichment analysis.

It has been reported that interrogation of site-specific 
CpG sites may be another option for assessing immune 
infiltration in tumors and may possibly predict response 
to checkpoint inhibitors [58]. Since NEFM DNA meth-
ylation significantly negatively correlated with TILs and 
many immune pathways (especially PD-L1 expression 
and PD-1 checkpoint pathway in cancer) in BRCA, the 
six CpG sites within NEFM promoter associated with 
poor prognosis may serve as biomarkers for predict-
ing immune infiltration in BRCA. Our results also sug-
gest that demethylation of NEFM might be a strategy 
to improve the efficiency of immunotherapy. Thus, it is 
required to further explore the detailed mechanism and 
function of transcriptional expression/DNA methylation 
in regulating tumor microenvironment.

Conclusion
NEFM transcriptional expression positively correlates 
with favorable prognosis and increased levels of mac-
rophage infiltration in BRCA. After adjusted by tumor 
purity, NEFM expression correlates with increased infil-
tration of  CD8+ T cell, whereas decreased infiltration 
of B cell. NEFM DNA methylation correlates with poor 
prognosis and decreased immune infiltration of B cells, 
CD8 + and CD4 + T cells, macrophages, neutrophils 
and dendritic cells in BRCA. Moreover, NEFM expres-
sion/DNA methylation correlates with diverse immune 
markers and pathways in BRCA. Therefore, our study 
highlights potential clinical significance of NEFM tran-
scriptional expression/DNA methylation in breast cancer 
and provides insight into a novel role of NEFM expres-
sion/DNA methylation in tumor immune infiltration.

Methods
BRCA data and sources
TCGA BRCA DNA methylation profiles (Infinium 
HumanMethylation450K and HumanMethylation27K) 
of 1226 breast tissues (884 HumanMethylation450K and 
342 HumanMethylation27K samples) and gene expres-
sion profiles (IlluminaHiSeq_RNA-SeqV2) of 1223 breast 
tissues as well as clinical were downloaded from TCGA 
data repository (https:// tcga- data. nci. nih. gov/ tcga/). 
Then, data of immune infiltrates in BRCA were down-
loaded from TIMER database (http:// timer. cistr ome. 
org/).

Table 5 Correlation of NEFM transcriptional expression/DNA 
methylation with MHC molecules based on TISIDB database

Significant p value < 0.05 is in bold

MHC 
molecules

NEFM expression NEFM DNA methylation

TISIDB rho,  
n = 1100

p TISIDB rho,
 n = 785

p

B2M − 0.11 0.00025 − 0.287 2.85e−16
HLA-A − 0.093 0.00205 − 0.3 1.23e−17
HLA-B − 0.089 0.00388 − 0.315 1.58e−19
HLA-C − 0.077 0.0107 − 0.212 2.35e−09
HLA-DMA 0.058 0.0561 − 0.405  < 2.2e−16
HLA-DMB 0.03 0.313 − 0.414  < 2.2e−16
HLA-DOA 0.156 2.16e−07 − 0.458  < 2.2e−16
HLA-DOB 0.034 0.266 − 0.503  < 2.2e−16
HLA-DPA1 0.084 0.00511 − 0.407  < 2.2e−16
HLA-DPB1 0.153 3.46e−07 − 0.435  < 2.2e−16
HLA-DQA1 0.061 0.0446 − 0.398  < 2.2e−16
HLA-DQA2 0.057 0.058 − 0.294 5.78e−14
HLA-DQB1 0.081 0.00747 − 0.352  < 2.2e−16
HLA-DRA 0.061 0.0447 − 0.434  < 2.2e−16
HLA-DRB1 0.089 0.00329 − 0.39  < 2.2e−16
HLA-E 0.05 0.0991 − 0.484  < 2.2e−16
HLA-F  − 0.028 0.358 − 0.377  < 2.2e−16
HLA-G  − 0.04 0.189 − 0.231 6.32e−11
TAP1  − 0.204 8.63e−12 − 0.267 3.39e−14
TAP2  − 0.176 4.89e−09 − 0.381  < 2.2e−16
TAPBP − 0.143 1.91e−06 − 0.057 0.109

https://tcga-data.nci.nih.gov/tcga/
http://timer.cistrome.org/
http://timer.cistrome.org/
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Expression levels of NEFM in various types of cancer
The expression profiling of NEFM in various types of 
cancer was identified in the Oncomine database (https:// 
www. oncom ine. org/ resou rce/ login. html) [26]. The 
threshold was determined according to the following val-
ues: p-value of 0.001, fold change of 1.5, and gene rank-
ing of all. We also analyzed NEFM expression in different 
types of cancer in TIMER database.

Prognosis assessment
The Kaplan–Meier plotter and univariable Cox propor-
tional hazards regression models were used to estimate 
association between NEFM transcriptional expression or 
DNA methylation and median survival time. Multivari-
able Cox proportional hazards regression models were 

used to evaluate impacts of NEFM expression on OS in 
the presence of other known risk factors. NEFM associ-
ated with OS and RFS of BRCA patients was validated in 
Kaplan–Meier Plotter database (http:// kmplot. com/ analy 
sis/) [27] among 5,143 BRCA patients. Potential effects of 
NEFM expression on OS were evaluated in Pan-cancer 
RNA-seq in Kaplan–Meier plotter database. The asso-
ciation of NEFM protein expression with BRCA OS was 
analyzed by The Human Protein Atlas database (http:// 
www. prote inatl as. org/).

Immune infiltration
The data of immune infiltration in BRCA were down-
loaded from TIMER database. Relationship of NEFM 
transcriptional expression or DNA methylation with 

Fig. 6 The correlation of NEFM transcriptional expression/DNA methylation with chemokines and receptors in TISIDB database. a Correlation of 
NEFM transcriptional expression with chemokines; b correlation of DNA methylation of NEFM with chemokines; c correlation of NEFM expression 
with chemokine receptors; d correlation of DNA methylation of NEFM with chemokine receptors

https://www.oncomine.org/resource/login.html
https://www.oncomine.org/resource/login.html
http://kmplot.com/analysis/
http://kmplot.com/analysis/
http://www.proteinatlas.org/
http://www.proteinatlas.org/
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the abundance of immune infiltration was evaluated, 
including B cells, CD4 + T cells, CD8 + T cells, neu-
trophils, macrophages, M1 macrophages, M2 mac-
rophages and dendritic cells by R package. We also 
analyzed the relationship of NEFM expression with 
the abundance of immune infiltration using gene mod-
ules in TIMER. Gene expression level normalized with 
tumor purity was displayed on the leftmost panel.

There were 28 TIL elements in TISIDB database. 
Relationship of NEFM transcriptional expression/
DNA methylation with abundance of TILs (including 
activated  CD8+ T cell, activated  CD4+ T cell, activated 
dendritic cell, activated B cell, macrophage, and neu-
trophil) was examined in TISIDB database.

In addition, the relationship of NEFM transcrip-
tional expression or DNA methylation with immune 
gene markers was explored via Spearman’s correla-
tion. These immune gene markers included immu-
nomodulators collected from Charoentong’s study 
[28], chemokines and receptors based on TISIDB data-
base [29]. The correlation scatter plots between NEFM 
transcriptional expression/DNA methylation and 
immune infiltration levels of immune cells, in BRCA, 
together with Spearman’s correlation and estimated 
statistical significance, were described. The log2RSEM 
value of NEFM expression and log2β value of NEFM 
DNA methylation were used for x-axis, whereas 
related immune infiltration levels of immune cells for 
y-axis. Specific levels of gene markers were displayed 
with log2RSEM.

TISIDB (http:// cis. hku. hk/ TISIDB/ index. php) is a 
web portal for tumor and immune system interaction, 
which integrates multiple heterogeneous data sets. 
The relative abundance of TILs as demonstrated by 
28-gene immune-related signature from Charoentong’s 
study was estimated by using gene set variation analy-
sis (GSVA) based on gene expression profile in TISIDB 
database (Additional file 3) [29].

TIMER [30] is a comprehensive resource for system-
atic analysis of immune infiltrates across diverse cancer 
types (https:// cistr ome. shiny apps. io/ timer/). TIMER 
applies a deconvolution, a previously published sta-
tistical method, to infer relative abundance of tumor-
infiltrating immune cells from gene expression profiles. 
TIMER database includes 10,897 samples across 32 
cancer types from The Cancer Genome Atlas (TCGA) 
to estimate relative abundance of immune infiltration.

Enrichment analysis
Differentially expressed genes associated with NEFM 
expression and levels of NEFM DNA methylation were 

analyzed with DESeq2 R package. Volcano plots and 
heatmaps were presented. KEGG (Kyoto Encyclopedia 
of Genes and Genomes) enrichment analyses were per-
formed with R package to identify pathways related to 
NEFM transcriptional expression/NEFM DNA methyl-
ation. A p-value of < 0.05 was considered as statistically.

Statistical analyses
Overall survival (OS) was calculated from the date of 
diagnosis to death due to any causes or to last follow-
up. Recurrence-free survival (RFS) was calculated 
from the date of diagnosis to local relapse/recurrence 
or regional relapse/recurrence or death (all causes) 
whichever occurs first. The Kaplan–Meier method and 
log-rank test were used to estimate the relationship 
of NEFM transcriptional expression/DNA methyla-
tion with OS and RFS. The Fisher exact and Wilcoxon 
rank-sum tests were used, respectively, for categori-
cal and continuous variables, to assess the relationship 
of NEFM expression levels and clinical or molecular 
characteristics. Multivariable Cox proportional haz-
ards regression models were used to evaluate potential 
impact of NEFM expression on OS in the presence of 
other known risk factors. Student’s t-test and multiple 
hypothesis correction (false discovery rate, FDR) were 
used to identify differences in genome-wide genes, 
methylation profiles between  NEFMhigh and  NEFMlow 
groups. Spearman correlation analysis was performed 
to evaluate the relationship of NEFM methylation with 
transcriptional expression or other genes. A p value of 
less than 0.05 was considered statistically significant. 
All analyses were performed using R 3.6.1 software 
packages.
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