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Background: So far, there is a lack of reliable prognostic biomarkers for lung adenocarcinoma (ADC). 
Initially, we found that EF-hand and coiled-coil domain containing 1 (EFCC1) was a novel gene which was 
downregulated consistently with the progression of lung ADC in The Cancer Genome Atlas (TCGA) data 
through bioinformatics analysis. In this study, we aimed to evaluate the prognostic significance of EFCC1 in 
lung ADC in both TCGA data and clinical samples.
Methods: Firstly, the expression level and prognostic significance of EFCC1 in lung ADC were 
investigated in TCGA data. Then, the expression level of EFCC1 was validated by qPCR, Western blot, and 
immunohistochemistry (IHC) in five clinical lung ADC and matched adjacent non-tumor tissues. Finally, the 
association of EFCC1 expression with clinicopathological characteristics and overall survival (OS) in lung 
ADC patients was further evaluated in 130 clinical lung ADC samples with tissue microarray (TMA).
Results: In TCGA data, we found that decreased mRNA expression (P<0.001), elevated DNA methylation 
(P<0.001) of EFCC1 in lung ADC samples compared with normal lung samples, and low EFCC1 mRNA 
expression was associated with poor OS in lung ADC patients (HR =0.856, 95% CI: 0.754–0.970, P=0.015). 
In five clinical lung ADC and matched adjacent non-tumor tissues, both mRNA and protein levels of EFCC1 
were lower in all lung ADC tissues than in their adjacent non-tumor counterparts. In 130 clinical lung ADC 
samples with TMA, EFCC1 expression was correlated with tumor-node-metastasis (TNM) stages (P=0.040) 
and lymph node metastasis status (P=0.001). The Kaplan-Meier survival curve revealed that low EFCC1 
expression was significantly associated with poor OS in lung ADC patients (P=0.001) and multivariate Cox 
regression hazard model demonstrated that EFCC1 expression level was an independent prognostic factor 
for lung ADC patients (HR =0.557, 95% CI: 0.351–0.883, P=0.013).
Conclusions: Our findings suggested that decreased expression of EFCC1 was significantly associated 
with progression of lung ADC and could serve as a novel prognostic biomarker for lung ADC patients.
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Introduction

Lung cancer is the most common cancer and the leading 
cause of cancer-related deaths worldwide (1). Lung 
adenocarcinoma (ADC), with increasing tendency annually, 
becomes the most frequent pathological subtype of lung 
cancer (2). Although the development of early diagnosis and 
introduction of targeted therapies have improved clinical 
outcomes of lung ADC, patients at advanced stages still 
have a high mortality rate (1). The tumor-node-metastasis 
(TNM) classification is the most important prognostic 
factor for lung ADC. Nevertheless, patients with the same 
TNM stage often have different clinical outcomes (3). 
Serum biomarkers which are routinely assessed in clinical 
practice, including carcinoembryonic antigen, cytokeratin 
125, and neuro-specific enolase, have limited efficiency 
for prognostic evaluation (4). Therefore, it is necessary 
to identify novel biomarkers with clinicopathological 
significance and prognostic value for lung ADC.

During the past decade, the next-generation sequencing 
(NGS) technology has led a revolution in molecular biology 
and provided new insights into cancer research. Significant 
genetic and molecular events can be identified from NGS 
data through bioinformatic analysis (5). The Cancer 
Genome Atlas (TCGA) database has abundant genomic 
and clinicopathological data of various cancers. Initially, 
we identified genes which displayed consistent expression 
changes with the progression of lung ADC in TCGA 
data through bioinformatics analysis. Among the top ten 
upregulated and downregulated genes, the vast majority-
such as B3GNT3, NME1, SMAD6, SPN, SRPK1and 
TUBB3-have been related to carcinogenesis, progression, or 
prognosis of lung cancer (6-12). However, the relationship 
between EF-hand and coiled-coil domain containing 1 
(EFCC1) and lung cancer has not been reported.

EFCC1, a member of coiled-coil domain-containing 
(CCDC) family, is also termed coiled-coil domain 
containing 48 (CCDC48). Up to date, its expression 
patterns and bio-functions are still unclear. Previous studies 
have reported that CCDC family members CCDC6, 
CCDC8, CCDC88A, and CCDC67 were involved in the 
progression and have been closely related to the prognosis 
of lung cancer and other cancers (13-16). Based on the 
consistent downregulation trend of EFCC1 with the 
progression of lung ADC revealed by the bioinformatic 
analysis in TCGA data, we hypothesized that the expression 
of EFCC1 might also be related to the prognosis in lung 
ADC patients.

In this study, we first analyzed EFCC1 expression and 
its prognostic value in lung ADC in TCGA data. Then, 
both mRNA and protein expression levels of EFCC1 were 
validated in five clinical lung ADC and matched adjacent 
non-tumor tissue samples. Finally, the association of 
EFCC1 expression with clinicopathological characteristics 
and overall survival (OS) in lung ADC patients was further 
investigated in 130 clinical lung ADC samples with tissue 
microarray (TMA).

Methods

TCGA data and bioinformatic analysis

Matched genome and RNA sequencing data, DNA 
methylation data, and clinical data of 533 lung ADC 
patients were downloaded from TCGA Data Portal  
(https://cancergenome.nih.gov/). The mRNA expression 
level was expressed as log2-transformation of transcripts 
per million (TPM) +1. The DNA methylation level was 
expressed as a mean beta value. Data of 488 patients with 
survival information were used for survival analysis.

Bioinformatic analysis was performed using R software. 
Differences between groups were compared by the 
Wilcoxon rank-sum test. For survival analysis, a Cox 
proportional hazards model was used to determine whether 
the expression of EFCC1 was associated with OS. The 
survival curves were constructed according to the Kaplan-
Meier method and compared with the log-rank test. P<0.05 
was considered statistically significant.

To identify genes that displayed consistent expression 
changes during cancer progression, we performed 
differential expression analysis for normal and early-
stage (stage 0–II) samples (group 1), and early-stage and 
advanced-stage (stage III–IV) samples (group 2) using 
edgeR (17). The significant common genes (at the threshold 
of P<0.05 in both groups, q<0.05 in at least one group) 
with the same expression trend were considered for further 
analysis. And the top ten upregulated and downregulated 
genes (ordered by the P values in group 1) were shown by 
heatmap.

Patients and tissue samples

Fresh-frozen and paraffin-embedded lung ADC tissues with 
their matched adjacent non-tumor tissues of five patients 
were obtained from the Department of Thoracic Surgery, 
West China Hospital, Sichuan University from August 3, 

https://cancergenome.nih.gov/
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2018, to August 14, 2018. The written informed consent 
of using biological samples and clinical data for scientific 
research was obtained from each patient. Fresh-frozen 
tissues were used for qPCR and Western blot, and paraffin-
embedded tissue was used for immunohistochemistry (IHC) 
analysis.

To evaluate the correlation of EFCC1 expression with 
clinicopathological characteristics and prognosis in lung 
ADC patients, 130 lung ADC samples with TMA were 
obtained from Shanghai Outdo Biotech CO., Ltd. (China). 
The clinicopathological data included gender, age, tumor 
size, pathological grade, lymph node metastasis status, 
histological type, TNM stage, OS time, and survival status. 
OS was defined as the period from surgery to death or 
the last follow-up. This study was approved by the Ethics 
Committee of West China Hospital, Sichuan University.

qPCR

Total RNA was extracted from frozen tissue using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). Synthesis of 
cDNA was carried out using PrimerScriptTM RT reagent 
kit (Takara, Kumastu, Shiga, Japan). Then, the mRNA 
expression level of EFCC1 was qualified by qPCR using 
SYBR Premix Ex Taq TM II (Takara, Kumastu, Shiga, 
Japan). The GAPDH gene was used as the endogenous 
control. The signal was detected by a CFX Connect real-
time detection system (Bio-Rad, Hercules, CA, USA). 
Primers for qPCR were as follows: EFCC1 (Forward primer:  
5'-GCAAACCCGTCAAGAAAGGC-3'; Reverse primer:  
5'-TCTAATAAGCCTGGACCGCTG-3'); GAPDH (Forward 
primer: 5'-GGAGCGATCCCTCCAAAAT-3'; Reverse 
primer: 5'-GGCTCTTCTCATACTTCTCATGG-3'). 
The relative expression of EFCC1 to GAPDH for each 
sample was calculated by ΔΔ Ct and expressed as 2–ΔΔ Ct.

Western blot

The fresh-frozen tissues were lysed with RIPA buffer 
(Solarbio, Beijing, China) in the presence of protease 
inhibitor PMSF (Solarbio, Beijing, China). Protein 
concentration was measured by BCA protein assay kit 
(Solarbio, Beijing, China). An equal amount of proteins  
(30 μg) were separated on 10% SDS-polyacrylamide gels 
and transferred to polyvinylidene fluoride membranes 
(Merck Millipore, Cork, IRL). Then the membrane was 
blocked with defatted milk at room temperature for 1 hour 
and incubated with anti-EFCC1 rabbit polyclonal antibody 

(1:250; Abcam, #ab151108) at 4 ℃ overnight. After that, 
the membrane was incubated with fluorescence-labeled 
anti-rabbit IgG antibody (1:5,000; Li-Cor, #926-32211) 
at room temperature for 1 hour and then visualized using 
ODYSSEY CLX fluorescence developing system (Li-Cor, 
Lincoln, NE, USA). An anti-β-actin mouse monoclonal 
antibody was used as the loading control.

IHC and quantification analysis

The tissue sections were rewarmed at 65 ℃ for 3 hours and 
then deparaffinized and rehydrated with degraded alcohol. 
After that, heat-induced antigen retrieval was carried out 
with 0.01 M citrate salt buffer (ZSGB-BIO, Beijing, China) 
at 95 ℃ for 15 minutes. After being incubated with 0.3% 
H2O2 for 10 min and blocked with 10% fetal calf serum 
for 15 minutes, the tissue sections were incubated with 
anti-EFCC1 rabbit antibody (1:800; Abcam, #ab151108) 
at 4 ℃ overnight. Subsequently, these tissue sections 
were incubated with horseradish peroxidase-conjugated 
anti-rabbit antibody (1:1,000, ZSGB-BIO) at 37 ℃ for  
15 minutes. Then, the sections were stained with DAB + 
substrate-chromogen solution (ZSGB-BIO, Beijing, China) 
at room temperature for 30 seconds and counterstained 
with hematoxylin. A sample incubated with PBS instead of 
antibodies served as the negative control. Two independent 
researchers assessed the immunostained result in a blinded 
fashion.

The expression level of EFCC1 was evaluated by both 
staining intensity and percentage of staining positive cells 
according to a semi-quantitative scoring system (18). 
Staining intensity was scored as 0 for negative staining, 1 
for weak staining, 2 for moderate staining, and 3 for strong 
staining. Percentage of positive cells was quantified as 0 
for ≤5% positive cells, 1 for 6–25%, 2 for 26–50%, 3 for 
51–75% and 4 for ≥76%. The immunoreactivity score was 
then generated by multiplying score of staining intensity 
and percentage of positive cells. Based on immunoreactivity 
score of EFCC1, patients were divided into two subgroups: 
immunoreactivity score <6 into a subgroup of low EFCC1 
expression while immunoreactivity score ≥6 into a subgroup 
of high EFCC1 expression.

Statistical analysis

Statistical analysis was performed using the SPSS 22.0 
software (SPSS Inc., Chicago, IL, USA) and GraphPad 
Prism 6 software (GraphPad Inc., La Jolla, CA, USA). The 
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difference in EFCC1 expression between lung ADC and 
matched adjacent non-tumor tissues was compared using 
Student’s t-test. The relationship between EFCC1 and 
clinicopathological variables was analyzed by the Pearson 
chi-square test. The survival curve was constructed with the 
Kaplan-Meier method, and the significance of difference 
was examined by the log-rank test. The Cox proportional 
hazards regression model was used for univariate and 
multivariate analyses. The hazard ratio (HR) and 95% 
confidence interval (CI) was calculated to estimate the 
hazard risk of variables. P<0.05 was considered statistically 
significant.

Results

Expression patterns and prognostic significance of EFCC1 
in lung ADC in TCGA data

Initially, we performed differential expression analysis for 
RNA sequencing data of normal lung, early-stage lung 
ADC, and advanced-stage lung ADC samples in TCGA 
data to identify genes that displayed consistent expression 
changes with lung ADC progression. Top ten upregulated 
and downregulated genes were presented in the heatmap 
(Figure 1), and EFCC1 was included in the top ten 
downregulated genes.

Then we analyzed EFCC1 expression level in lung 
ADC and normal lung samples in TCGA data. The 
results showed that the mRNA expression of EFCC1 was 
dramatically decreased in lung ADC samples compared 
with normal lung samples (P<0.001) (Figure 2A). The DNA 
methylation level of EFCC1 was significantly elevated in 
lung ADC samples compared with normal lung samples 
(P<0.001) (Figure 2B). Meanwhile, the mRNA expression 
of EFCC1 was lower in advanced-stage lung ADC samples 
than in early-stage lung ADC samples (P=0.005) (Figure 2C).  
Otherwise, no mutation or somatic copy number alteration 
of EFCC1 was found in lung ADC samples (data were not 
shown).

For survival analysis, 488 lung ADC patients with 
survival information in TCGA data were used. The 
patients were divided into groups with low or high EFCC1 
expression according to the median value of EFCC1 mRNA 
expression. The Kaplan-Meier survival curve and log-
rank test showed that lung ADC patients with low EFCC1 
expression had an unfavorable OS (P=0.005) (Figure 2D).  
Mult ivariate  Cox,  proport ional  hazards analysis , 
demonstrated that EFCC1 expression was associated with 

OS of lung ADC patients (HR =0.856, 95% CI: 0.754–0.970; 
P=0.015), after adjustment for sex, age at diagnosis, TNM 
stage, history of other malignancies, history of neoadjuvant 
treatment and tobacco smoking history (Table 1).

Validation of EFCC1 expression in lung ADC and matched 
adjacent non-tumor tissues

To further validate the decreased expression of EFCC1 in 
lung ADC, which was revealed in TCGA data, we examined 
the mRNA and protein expression levels of EFCC1 in five 
lung ADC and matched adjacent non-tumor tissues. Results 
of qPCR revealed that significantly lower expression of 
EFCC1 mRNA in all lung ADC tissues compared with their 
matched adjacent non-tumor tissues (all P<0.05) (Figure 3A,B). 
Western blot showed that EFCC1 protein expression was 
downregulated in all lung ADC tissues compared with 
their matched adjacent non-tumor tissues (Figure 3C). 
Also, IHC showed that the EFCC1 protein localized on 
the cytomembrane and cytoplasm. Strong staining of 
EFCC1 protein was found in all normal bronchial and 
alveolar epithelial cells, whereas the staining degree varied 
significantly in tumor cells and was lower than in normal 
bronchial and alveolar epithelial cells (Figure 3D).

Correlation between EFCC1 expression and 
clinicopathological characteristics in lung ADC patients 
with TMA

To evaluate the clinical significance of EFCC1 expression 
in lung ADC patients, immunohistochemical staining 
of 130 clinical lung ADC samples with TMA was 
performed, representative images of immunohistochemical 
staining were shown in Figure 4A. Overall, low EFCC1 
expression was found in 42.3% (55/130) of samples and 
high EFCC1 expression found in 57.7% (75/130) of 
samples. The correlation between EFCC1 expression and 
clinicopathological characteristics were presented in Table 2.  
The results revealed that low EFCC1 expression was 
significantly associated with advanced TNM stages (stage 
III–IV) (P=0.040) and positive lymph node metastasis 
(P=0.001). For TNM stages, low EFCC1expression was 
found in 54.3% (25/46) of patients at advanced-stage 
(stage III–IV) whereas only in 35.7% (30/84) of patients 
at early-stage (stage I–II) (Figure 4B). And for lymph node 
metastasis status, 57.6% (34/59) of patients with lymph 
node metastasis while only 29.6% (21/71) of patients 
without lymph node metastasis had low EFCC1 expression 
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(Figure 4C). Our results showed that EFCC1 expression had 
no significant correlation with gender, age, tumor location, 
tumor size, or pathological grade.

Decreased expression of EFCC1 predicted poor prognosis in 
lung ADC patients with TMA

Based on immunoreactivity scores of EFCC1 in clinical 
lung ADC samples with TMA, we further investigated the 
correlation between EFCC1 expression and survival in lung 
ADC patients. The Kaplan-Meier survival curve with log-
rank test showed that patients with low EFCC1 expression 
had shorter OS time than those with high EFCC1 

expression (P=0.001) (Figure 5).
In univariate Cox proportional hazards analysis, low 

EFCC1 expression was significantly associated with poor 
OS (HR =0.487, 95% CI: 0.321–0.759; P=0.001), besides 
of tumor size >3 cm (HR =1.620, 95% CI: 1.012–2.592; 
P=0.045), positive lymph node metastasis (HR =3.764, 95% 
CI: 2.360–6.003; P<0.001), and advanced TNM stages (HR 
=3.826, 95% CI: 2.422–6.045; P<0.001). The variables of 
significant difference were further analyzed by multivariate 
Cox proportional hazards regression models. The data 
showed that expression level of EFCC1 (HR =0.557, 95% 
CI: 0.351–0.883; P=0.013) could serve as an independent 
prognostic factor for lung ADC patients, like lymph node 
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Figure 1 The heatmap of top ten upregulated and downregulated genes with lung ADC progression based on RNA sequencing data in 
TCGA. Early-stage is for stage 0–II; late-stage is for stage III–IV. ADC, adenocarcinoma; TCGA, The Cancer Genome Atlas.
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Figure 2 EFCC1 expression and its prognostic value in lung ADC in TGCA data. (A) The mRNA level of EFCC1 was dramatically 
decreased in lung ADC samples compared with normal lung samples; (B) the DNA methylation level of EFCC1 was significantly higher 
in lung ADC samples compared with normal lung samples; (C) the mRNA level of EFCC1 was lower in stage III–IV than in stage 0–II 
lung ADC samples; (D) the Kaplan-Meier survival curve showed that lung ADC patients with low EFCC1 expression had an unfavorable 
OS (P=0.005). **P<0.01, ***P<0.001. EFCC1, EF-hand and coiled-coil domain containing 1; ADC, adenocarcinoma; TCGA, The Cancer 
Genome Atlas.

Table 1 Univariate and multivariate Cox proportional hazards analysis of prognostic factor for lung ADC patients in TCGA data

Variable
Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

EFCC1 expression 0.828 0.736–0.932 0.002* 0.856 0.754–0.970 0.015*

Gender 1.051 0.783–1.410 0.741

Age (year) 1.009 0.998–1.020 0.109

History of smoking 0.999 0.884–1.130 0.990

History of other malignancy 1.537 1.047–2.257 0.028* 2.018 1.358–2.999 0.001*

Neoadjuvant treatment 17.225 5.310–55.879 <0.001* 14.406 4.400–47.173 <0.001*

TNM stage 1.638 1.425–1.882 <0.001* 1.650 1.428–1.906 <0.001*

*P<0.05. ADC, lung adenocarcinoma; TCGA, The Cancer Genome Atlas; CI, confidence interval; EFCC1, EF-hand and coiled-coil domain 
containing 1; TNM, tumor-node-metastasis.
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Figure 3 Decreased expression of EFCC1 in lung ADC tissues compared with matched adjacent non-tumor tissues. (A) and (B) qPCR 
showed significantly lower expression of EFCC1 mRNA in lung ADC tissues than in matched adjacent non-tumor tissues. *P<0.05, 
**P<0.01, ***P<0.001. (C) Western blot revealed that the protein expression of EFCC1 was decreased in lung ADC tissues compared with 
matched adjacent non-tumor tissues. (D) Representative immunohistochemical images of EFCC1 in lung ADC and matched adjacent 
non-tumor tissues (normal bronchioles and alveoli). Scale bar =20 μm. EFCC1, EF-hand and coiled-coil domain containing 1; ADC, 
adenocarcinoma; N, normal tissue; T, tumor tissue.
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Figure 4 EFCC1 expression in clinical lung ADC samples with TMA. (A) Representative images of different immunohistochemical staining 
intensities of EFCC1 in clinical lung ADC tissues. 1, negative staining; 2, weak staining; 3, moderate staining; 4, strong staining. Scale bar 
=20 μm. (B) The proportion of low EFCC1 expression was significantly higher in lung ADC patients at stage III–IV (54.3%) than those at 
stage I–II (35.7%) (P=0.040). (C) The proportion of low EFCC1 expression was significantly higher in lung ADC patients with lymph node 
metastasis (57.6%) than those without lymph node metastasis (29.6%) (P=0.001). EFCC1, EF-hand, and coiled-coil domain-containing; 
ADC, adenocarcinoma; TMA, tissue microarray; TNM, tumor-node-metastasis; LN, lymph node.

metastasis (HR =2.096, 95% CI: 1.154–3.805; P=0.015) and 
TNM stage (HR =2.127, 95% CI: 1.170–3.866; P=0.013). 
The details of univariate and multivariate Cox proportional 
hazards analysis were shown in Table 3.

Discussion

CCDC family is a group of genes coding coiled-coil 
domain-containing proteins, and more than 140 CCDC 
family members have been identified so far (16,19). Owing 
to the highly versatile folding motif, CCDC genes exhibit 

diverse functions (16). Previous studies have revealed 
that some CCDC genes were related to human diseases, 
including mitochondrial disease, diabetes, and other 
metabolic diseases, epigenetic disease, and cancers (16,20-23).  
Among  cancer- re l a t ed  CCDC fami ly  member s , 
some are upregulated and exhibit tumor-promoting 
functions, such as CCDC88A in pancreatic cancer, 
CCDC178 in hepatocellular carcinoma, and CCDC34 
in bladder cancer and colorectal cancer (15,24-26).  
Some others are downregulated and exhibit tumor-
suppressive activities, including CCDC6 and CCDC8 in 
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Table 2 Correlation between EFCC1 expression and clinicopathological variables in lung ADC patients with TMA

Clinicopathological variables n
EFCC1 expression

χ2 value P value
Low High

All patients 130 55 75

Gender 0.009 0.923

Male 75 32 43

Female 55 23 32

Age (year) 0.489 0.484

≤60 59 23 36

>60 71 32 39

Tumor location 0.525 0.469

Left 52 20 32

Right 78 35 43

Tumor size 0.003 0.955

≤3 cm 51 21 30

>3 cm 79 34 45

Pathological grade 1.028 0.311

I–II 89 35 54

III 41 20 21

Lymph node metastasis 10.387 0.001*

Negative 71 21 50

Positive 59 34 25

TNM stage 4.228 0.040*

I–II 84 30 54

III–IV 46 25 21

*P<0.05. EFCC1, EF-hand and coiled-coil domain containing 1; ADC, adenocarcinoma; TMA, tissue microarray; TNM, tumor-node-
metastasis.

lung cancer, and CCDC67 in gastric cancer (13,14,16). 
However, the functions and clinical significance of more 
than 60% of CCDC members, including EFCC1, remain 
unknown. Through differential expression analysis for 
RNA sequencing data in the TCGA database, we found 
that EFCC1 was included in genes which were significantly 
downregulated during lung ADC progression. This result 
prompts us to investigate the expression patterns and 
clinical significance of EFCC1 in lung ADC.

As the first study toward EFCC1, we initially analyzed 
EFCC1 expression and its clinical significance in TCGA 
data and then validated these results in clinical lung ADC 
samples to make reliable conclusions. In TCGA data, 

EFCC1 mRNA was lower in lung ADC samples than in 
normal lung samples. Likewise, both mRNA and protein 
of EFCC1 were significantly downregulated in lung ADC 
compared with their adjacent non-tumor counterparts in 
clinical tissue samples. Furthermore, EFCC1 mRNA was 
decreased form early-stage to advanced-stage lung ADC in 
the TCGA database. And low EFCC1 protein expression 
was associated with positive lymph node metastasis and 
advanced stages of lung ADC in clinical samples with 
TMA. All these results indicated that EFCC1 might be 
involved in carcinogenesis and progression of lung ADC, 
and EFCC1 expression level can be used to predict lymph 
node metastasis status and TNM stages for lung ADC 
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patients. Also, we found that the methylation level of 
EFCC1 DNA was significantly higher in lung ADC samples 
than in normal lung samples in TCGA data. Since DNA 
methylation is considered a key mechanism for silencing 
of tumor suppressor genes in various cancers (27,28), our 
finding suggested that downregulation of EFCC1 in lung 
ADC may result from aberrant DNA methylation.

In survival analyses, the Kaplan-Meier survival curve 
with log-rank test showed that low EFCC1 expression was 
significantly associated with poor OS in lung ADC patients 

in both TCGA data and clinical samples. More importantly, 
multivariable Cox regression analysis further demonstrated 
that EFCC1 expression level was an independent prognostic 
factor for lung ADC in both sets of data. Despite specific 
mechanisms and involved signal pathways of EFCC1 
in lung ADC need further investigations, our findings 
suggested that EFCC1 expression level can be served as an 
independent survival marker for lung ADC patients.

There are numerous genomic alterations accumulated 
during the pathological processes of cancers, some of them 
have been identified as oncogenic drivers, including KRAS, 
P53, PTEN, EGFR, BRAF, and ERBB2 mutation, and ALK, 
ROS1 and RET rearrangement (29,30). Those oncogenic 
drivers are important biomarkers and therapeutic targets for 
cancers (30). However, some other genes without mutation 
or rearrangement, which are only significantly upregulated 
or downregulated during the development of cancers, may 
not be the oncogenic drivers. In our study, we demonstrated 
these genes, such as EFCC1, could also serve as biomarkers 
for cancers.

Conclusions

In this study, we found aberrantly decreased expression of 
EFCC1 in lung ADC tissues compared with normal lung 
tissues. Low EFCC1 expression in lung ADC patients was 
significantly associated with positive lymph node metastasis 
and advanced TNM stages. Survival analyses indicated that 
low EFCC1 expression could serve as an independent factor 
for poor survival in lung ADC patients. Taken together, our 

Table 3 Univariate and multivariate Cox proportional hazards analysis of prognostic factor for lung ADC patients with TMA

Variables
Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

EFCC1 expression (high vs. low) 0.487 0.321–0.759 0.001* 0.557 0.351–0.883 0.013*

Gender (male vs. female) 1.141 0.728–1.789 0.565

Age (year) (>60 vs. ≤60) 1.446 0.918–2.278 0.112

Tumor location (right vs. left) 1.098 0.700–1.723 0.684

Tumor size (>3 vs. ≤3 cm) 1.620 1.012–2.592 0.045* 1.284 0.779–2.116 0.327

Pathological grade (III vs. I–II) 0.964 0.593–1.567 0.882

Lymph node metastasis (positive vs. negative) 3.764 2.360–6.003 <0.001* 2.096 1.154–3.805 0.015*

TNM stage (III–IV vs. I–II) 3.826 2.422–6.045 <0.001* 2.127 1.170–3.866 0.013*

*P<0.05. ADC, adenocarcinoma; TMA, tissue microarray; CI, confidence interval; EFCC1, EF-hand and coiled-coil domain containing 1; 
TNM, tumor node metastasis.

Figure 5 Low EFCC1 expression was associated with poor OS 
in lung ADC patients with TMA. EFCC1, EF-hand and coiled-
coil domain containing 1; ADC, adenocarcinoma; TMA, tissue 
microarray; OS, overall survival.
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findings suggest that EFCC1 could be a novel prognostic 
biomarker for lung ADC patients.
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