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Introduction

Lung cancer is the primary cause of cancerous death 
among men and the second leading cause of cancerous 
death among women around the world (1). There are tens 
of thousands of studies on ways to overcome lung cancer, 
and there are many prognostic factors associated with lung 
cancers survival. Targeted therapy based on these prognostic 
genes has made progress but needs more investigation.

The Sideroflexin (SFXN) family are mitochondrial 
tricarboxylate carrier proteins, that exist in the mitochondrial 
membrane (2). This family consists of five closely related 

members. A series of previous studies observed that SFXNs 
are associated with metabolism (3,4) and oral squamous 
cell carcinoma. SFXN2 participates in mitochondrial iron 
metabolism via the regulation of heme biosynthesis (3) and 
may contribute to blood pressure regulation and the plaque 
burden in the carotid artery (5,6). It was found that the serum 
levels of anti-SFXN3-autoAb increased markedly in patients 
with oral squamous cancer compared to normal controls. 
Also, the anti-SFXN3-autoAb serum level could be a 
potential biomarker during early screening for oral squamous 
cancer (7). SFXN3 also functions as a new mitochondrial 
protein regulating synaptic morphology in vivo (8). SFXN4 
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was identified as a candidate susceptibility gene for common 
familial colorectal cancer (9). Mutations in SFXN4 are a 
cause of mitochondriopathy and macrocytic anemia (10). 
SFXN5 does not correspond to PARK3 (2).

As for SFXN1, previous studies showed that it is 
significantly regulated in synovitis of osteoarthritis  
(OA) (11). In diffuse infiltrating gliomas, SFXN1 
participates in an optimized gene subset associated with 
survival differences (12). Recent studies found that SFXN1 
functions in the one-carbon metabolism process as a 
mitochondrial serine transporter (4). Indeed, one-carbon 
units sourced from serine contribute to cell proliferation 
in many carcinomas. Therefore, mitochondrial serine 
catabolism enzymes are commonly up-regulated in cancers. 
SFXN1 may play an important role in cancer but there 
have still not been many studies on it. In order to screen 
for novel prognostic biomarkers for lung adenocarcinoma 
(LUAD), we examined SFXN1. 

In our research, we intend to show the discrepancy 
between SFXN1 mRNA and protein expression in LUAD 
tissues and paracancerous normal samples and demonstrate 
the prognostic value of SFXN1 mRNA expression in LUAD 
patients by analyzing data from a large patient cohort 
in TCGA and GEO. The possible reasons for SFXN1 
dysregulation will also be investigated. Our research data 
will provide a basis for further functional exploration of this 
gene.

Methods

Data collection in TCGA and GEO

Level-3 data including gene expression and clinical 
information of LUAD patients in TCGA and GEO 
were acquired by the UCSC Xena Browser (https://
xenabrowser.net/) and NCBI (https://www.ncbi.nlm.nih.
gov/geoprofiles/). SFXN1 RNA-seq of 513 LUAD patients 
and 59 normal controls were downloaded from TCGA. 
The clinicopathological information of these patients, such 
as age, gender, smoking history, clinical stage, lymph nodal 
invasion status, residual tumors, survival status, overall 
survival (OS) in days, recurrence status, and recurrence-
free survival (RFS) in days, were also downloaded. Five 
hundred cases had survival data records. The SFXN1 DNA 
copy number alteration (CNA) data (GISTIC2-processed) 
and DNA methylation data (measured by an Illumina 450k 
Infinium methylation BeadChip) were also downloaded 
through the UCSC Xena Browser. In GEO, the OS data of 
115 patients with LUAD were downloaded.

SFXN1 protein immunofluorescence and 
immunohistochemistry staining

Immunohistochemistry (IHC) staining data of the SFXN1 
protein came from the Human Protein Atlas (HPA; http://
www.proteinatlas.org/). This is a large-scale protein research 
project whose main purpose is to map the locations of 
proteins encoded by genes expressed in human tissues and 
cells (13,14). Staining data, including those for lung tissues 
and LUAD and lung squamous cell carcinoma (LUSC) 
tissues were downloaded. An immunofluorescence analysis 
antibody with green fluorescence to SFXN1 was used to 
detect SFXN1 proteins, and immunofluorescence allowed 
the location detection of SFXN1 protein expression.

Statistical analysis

Data management and analysis were carried out with 
GraphPad Prism 7.0 and SPSS 24.0 software. The 
significance of SFXN1 expression differences among groups 
with different clinicopathological parameters was assessed 
through Welch’s unequal variances t-test. The median 
served as the cut-off for SFXN1 expression in Kaplan-
Meier curves. The significance of differences between the 
survival curves was assessed with a log-rank test, and χ2 
tests were utilized for assessing the statistical difference in 
clinicopathological parameters between the high and low 
SFXN1 expression groups. Univariate and multivariate Cox 
regression analyses were performed to evaluate whether 
unregulated SFXN1 expression independently predicts OS 
and RFS in LUAD patients. A P value <0.05 was considered 
statistically significant.

Results 

SFXN1 mRNA expression was markedly upregulated in 
LUAD 

With the SFXN1 RNA-seq data consisting of 513 LUAD 
tissues and 59 paracancerous normal tissues from TCGA, 
we evaluated the mRNA expression discrepancies between 
the two groups. It was showed that SFXN1 was markedly 
more upregulated in LUAD tissues than in paracancerous 
normal tissues (Figure 1A,B). By detecting cellular 
immunofluorescence, we found that SFXN1 protein 
was localized in the cytoplasm (Figure 1C). According 
to SFXN1 IHC staining data in the HPA, normal lung 
tissues usually showed a weak degree of SFXN1 staining 
(Figure 1D). In contrast, among 11 cases of non-small cell 

https://xenabrowser.net/
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lung cancer tissues examined, 1 case had negative SFXN1 
staining (Figure 1E), 7 cases had moderate SFXN1 staining 
(Figure 1E), and the other 3 cases had strong SFXN1 
staining (Figure 1E). We also evaluated the SFXN1 mRNA 
expression in LUSC patients from TCGA. The results 
indicated significantly upregulated SFXN1 expression in 
LUSC tissues compared to paracancerous normal tissues 
(P<0.0001; Figure S1A).

Upregulated SFXN1 mRNA expression predicted worse 
survival in LUAD patients 

To confirm whether SFXN1 mRNA expression was 
associated with survival prognosis in LUAD patients, we 
extracted and analyzed survival information in both TCGA 
and GEO. In both databases, SFXN1 had markedly higher 
mRNA expression in the death group than the living group  

Figure 1 SFXN1 expression was markedly upregulated in LUAD tissues. (A,B) SFXN1 expression in LUAD tissues (n=513) and 
paracancerous normal tissues (n=59). (C) Representative images of SFXN1 immunofluorescence in LUAD cells. (D,E) Representative 
images of SFXN1 IHC staining in normal lung tissues (D) and in non-small cell lung cancer tissues (E). 1: negative staining; 2 to 8: medium 
staining; 9 to 11: strong staining. LUAD, lung adenocarcinoma; TPM, transcripts per million.
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Figure 2 Increased SFXN1 expression predicts unfavorable survival in LUAD patients. (A,B) Plots chart showing higher SFXN1 expression 
in deceased LUAD patients than living LUAD patients. Data were achieved from TCGA (A) and GEO (B). (C) Plots chart showing higher 
SFXN1 expression in the cases with lymph nodal invasion than in cases without lymph nodal invasion. (D) Plots chart showing no significant 
expression discrepancy between patients with and without disease recurrence. Data were acquired from TCGA. (E,F,G) Kaplan-Meier 
curves of OS (E,F) and RFS (G) in LUAD patients. Survival data was achieved from TCGA (E,G) and GEO (F). Patients with LUAD were 
separated into two groups by setting the median as the cut-off. Patients in GEO were grouped in the same proportion as in (E). LUAD, lung 
adenocarcinoma; TCGA, the Cancer Genome Atlas; GEO, Gene Expression Omnibus; OS, overall survival; RFS, recurrence-free survival; 
TPM, transcripts per million.

(Figure 2A,B). We also found that patients with positive 
lymph nodal invasion maintained increased SFXN1 mRNA 
expression (Figure 2C,D). Kaplan-Meier curves of OS 
were generated with data from TCGA and GEO, and the 
data indicated significantly worse OS in the high SFXN1 
expression group compared to the low SFXN1 mRNA 
expression group (P=0.0015 and P=0.0207 respectively; Figure 
2E,2F). Kaplan-Meier curves of RFS were also generated with 
data from TCGA, and we confirmed more favorable RFS in 
the low SFXN1 mRNA expression group than in the high 

SFXN1 mRNA expression group (Figure 2G). The statistical 
data on SFXN1 mRNA expression and the clinicopathological 
parameters from LUAD patients are arranged and summarized 
in Table 1. It was shown that patients in the high SFXN1 
expression group had an obviously higher clinical stage (58 of 
140 vs. 48 of 253; P=0.0004; Table 1). Furthermore, Kaplan-
Meier curves of OS were generated for LUSC patients, and no 
significant correlation was found between the SFXN1 mRNA 
expression data and the OS data even under the best cut-off 
model (P=0.0933; Figure S1B).
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Upregulated SFXN1 mRNA expression independently 
predicts poor OS and RFS in LUAD patients

By performing univariate and multivariate analyses, we further 
evaluated whether upregulated SFXN1 mRNA expression 
independently predicts survival in LUAD patients. In the 
univariate analysis, it was indicated that advanced clinical 
stages, positive lymph nodal invasion, residual tumors and 
increased SFXN1 mRNA expression were correlated with 
unfavorable OS and RFS in patients with LUAD (Tables 2,3). 
With multivariate analysis we then confirmed that upregulated 
SFXN1 mRNA expression independently predicts unfavorable 
OS (HR: 1.621; 95% CI: 1.149–2.287; P=0.006) and RFS (HR: 
1.678; 95% CI: 1.189–2.369; P=0.003) (Tables 2,3). 

DNA CNAs and DNA methylation could be the mechanisms 
of dysregulated SFXN1 mRNA expression in LUAD patients

By examining SFXN1 DNA CNAs in 512 LUAD cases, 
we detected that copy deletion (−2 and −1; 32.03%) and 
copy amplification (+1 and +2; 23.63%) were frequent  
(Figure 3A,B), which might be important causes of 
dysregulated SFXN1 expression. Copy amplification (+1 
and +2; 23.63%) was associated with significantly increased 
SFXN1 mRNA expression compared with the no change cases 
(0, P<0.01). In comparison, copy deletion (−2 and −1; 32.03%) 
was associated with significantly decreased SFXN1 mRNA 
expression (P<0.05). We next examined the methylation 
status of 19 CpG sites in SFXN1 DNA and discovered 
that the methylation status of one CpG site (black box) was 
negatively related to SFXN1 mRNA expression (Figure 3C,D),  
suggesting that DNA methylation may also contribute to 
dysregulated SFXN1 mRNA expression in LUAD patients. 
A higher level of DNA methylation was associated with 
decreased SFXN1 mRNA expression (P<0.01).

Discussion

Communication and coordination between mitochondria and 
the cell play an important role in various cell functions, such as 
metabolism, multiplication and survival (15). An imbalance in 
ell energetics is one of the important signals of cancer (16,17). 
Several potential mechanisms of deregulated cellular energetics 
are concerned with mitochondrial dysfunction caused by flawed 
mitochondrial enzymes, mutational mitochondrial DNA, or 
altered oncogenic signaling (18). Indeed, mitochondrial redox 
homeostasis control and biogenesis are often upregulated in 
cancer (19). While nuclear-encoded mitochondrial enzymes 

responsible for the tricarboxylic acid (TCA) cycle have 
mutations and generate oncogenic metabolites, human tumors 
are almost always malignant (20,21). Thus, mitochondria 
play a central, multidimensional role in the progression of 
therioma, and targeting mitochondria might be an effective 
therapeutic strategy (22).

Mitochondria play a central role in the metabolism of one-
carbon units (23). One-carbon metabolism focuses on both 
the folate and methionine cycles and generates one-carbon 
units (methyl units) (24). One-carbon units are essential for 
nucleotide synthesis, reductive metabolism and methylation, 
and cancer cells require these pathways to support a high 
proliferation rate (25). Therefore, anti-folates, drugs targeting 
one-carbon metabolism, have been used for cancer treatment 
for a long time (26,27). The folate analog aminopterin acted 
as the first drug for leukemia relief (28), and methotrexate 
is still a mainstay in the management of acute lymphocytic 
leukemia (29). It was recently discovered that pemetrexed 
could function as a first-line drug for lung cancer (30). One-
carbon metabolism consists of cytosolic and mitochondrial 
branches, and SFXN1 is a key component because it enables 
serine to enter mitochondria (4). Amino acids such as 
serine are a main one-carbon source, and cancerous cells 
are particularly susceptible to the loss of one-carbon units 
because of serine restriction or synthesis inhibition (25). 
Based on these findings, we can infer that SFXN1 may be 
closely associated with cancer progression. Some previous 
researches indicated that SFXN1 is abnormally expressed and 
could act as a pathogenic gene in diffuse infiltrating gliomas. 
Aberrations of SFXN1 are associated with unfavorable 
survival in patients with diffuse infiltrating gliomas (12). 

In this study, we firstly found that SFXN1 had higher 
mRNA expression in LUAD than in normal controls. 
Then analyzing the long-term survival data of large LUAD 
cohorts from TCGA and GEO, we discovered significantly 
worse OS and RFS in patients with high SFXN1 mRNA 
expression. In addition, with univariate and multivariate 
analyses, we confirmed that upregulated SFXN1 mRNA 
expression independently predicted unfavorable OS (HR: 
1.621; 95% CI: 1.149–2.287; P=0.006) and RFS (HR: 1.678; 
95% CI: 1.189–2.369; P=0.003) among LUAD patients. In 
comparison, although SFXN1 was upregulated in LUSC 
tissues, no prognostic value associated with OS and RFS 
was found in LUSC patients. These findings indicate that 
SFXN1 could act as a valuable and specific prognostic 
biomarker in patients with LUAD.

SFXN1 may participate in an iron handling gene 
signature associated with survival in diffuse infiltrating 
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Table 1 The association of the clinicopathological parameters between high and low SFXN1 expression groups in LUAD patients

Parameters
SFXN1 expression

χ
2

P
High (n=198) Low (n=302)

Age, years (mean ± SD) 64.42±0.7303 65.81±0.578 – 0.1328

Gender 3.313 0.0688

Female 97 173

Male 101 129

Smoking history 0.1829 0.6689

2/3/4/5 169 246

1 27 44

No data 2 12

Clinical stage 12.72 0.0004

III/IV 58 48

I/II 140 253

Discrepancy/no data 0 1

Nodal invasion 3.478 0.0622

N0 119 205

N1/2/3 75 90

NX/no data 4 7

Residual tumors 0.8945 0.3443

R0 128 207

R1/R2 8 8

RX/no data 62 87

Radiation therapy 2.2 0.1380

No 47 94

Yes 7 6

No data 144 202

Recurrence status 0.3957 0.5293

No 98 155

Yes 69 96

No data 31 51

Living status 3.56 0.0592

Living 116 202

Dead 82 100

No data 0 0

Smoking history: 1, lifelong non-smoker; 2, current smoker; 3, current reformed smoker (for >15 years); 4, current reformed smoker (for 
15 years); 5, current reformed smoker (duration not specified). R0, no residual tumor; R1, microscopic residual tumor; R2, macroscopic 
residual tumor; RX, the presence of residual tumor cannot be assessed.
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Table 2 Univariate and multivariate analysis of OS in LUAD patients

Parameters
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (continuous) 1.216 0.9068–1.629 0.4565 – – –

Gender (female vs. male) 0.9534 0.7123–1.276 0.7471 – – –

Smoking history (2/3/4/5 vs. 1) 0.9127 0.6065–1.376 0.6521 – – –

Clinical stage (III/IV vs. I/II) 2.56 1.73–3.787 <0.0001 1.672 1.096–2.552 0.017

Nodal invasion (positive vs. negative) 2.547 1.846–3.515 <0.0001 1.819 1.239–2.672 0.002

Residual tumors (yes vs. no) 3.886 1.363–11.08 <0.0001 2.522 1.349–4.714 0.004

SFXN1 expression (continuous) 1.593 1.172–2.165 0.0015 1.621 1.149–2.287 0.006

Smoking history: 1, lifelong non-smoker; 2, current smoker; 3, current reformed smoker (for >15 years); 4, current reformed smoker (for 15 
years); 5, current reformed smoker (duration not specified). OS, overall survival; LUAD, lung adenocarcinoma. 

Table 3 Univariate and multivariate analysis of RFS in LUAD patients

Parameters
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (continuous) 1.201 0.8961–1.61 0.4499 – – –

Gender (female vs. male) 0.9258 0.6915–1.24 0.6025 – – –

Smoking history (2/3/4/5 vs. 1) 0.8852 0.5847–1.34 0.5466 – – –

Clinical stage (III/IV vs. I/II) 2.508 1.699–3.701 <0.0001 1.645 1.067–2.538 0.024

Nodal invasion (positive vs. negative) 2.502 1.816–3.449 <0.0001 1.689 1.148–2.486 0.008

Residual tumors (yes vs. no) 4.365 1.442–13.21 <0.0001 2.519 1.329–4.777 0.005

SFXN1 expression (continuous) 1.607 1.182–2.185 0.0013 1.678 1.189–2.369 0.003

Smoking history: 1, lifelong non-smoker; 2, current smoker; 3, current reformed smoker (for >15 years); 4, current reformed smoker (for 15 
years); 5, current reformed smoker (duration not specified). RFS, recurrence-free survival; LUAD, lung adenocarcinoma.

gliomas (12). However, the specific mechanism of SFXN1 
warrants a more pointed and specific investigation. 
Mechanistically, recent studies have shown that SFXN1 
could be the main mitochondrial serine transporters in 
human cells and SFXN1 is expressed in some cancers, most 
highly in leukemias and lymphomas (4). Thus, SFXN1 
becomes an important node in regulating the fate of serine 
and plays unexplored roles in cancer cell growth. 

Many studies have revealed associations between 
DNA CNA and gene expression, as well as the changing 
methylation status of CpG islands and gene expression. In 
this research, we further investigated the possible reasons 
of SFXN1 dysregulation in patients with LUAD. The 
results showed that DNA CNAs and DNA methylation are 
possibly two significant reasons for SFXN1 overexpression 
in LUAD. Above all, genetic and epigenetic alterations 

frequently appear in LUAD patients and may have a 
profound effect on tumor phenotypes and patient survival. 
Consequently, it is meaningful and necessary in the future 
to find out how the genetic and epigenetic alterations 
of SFXN1 affect cancer cell behaviors in LUAD. Also, 
the relationship between CNA/methylation and clinical 
pathological features or evaluation of the CNA/ methylation 
and OS and RFS should be performed in the future. 

Conclusions

SFXN1 expression increased more in both mRNA and protein 
levels in LUAD patients than in paracancerous normal tissues. 
Upregulated SFXN1 mRNA expression independently 
predicts unfavorable OS and RFS in patients with LUAD. 
DNA CNAs and methylation may be two important reasons 
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Figure 3 DNA CNAs and DNA methylation could be the mechanisms of dysregulated SFXN1 expression in LUAD patients. (A,B) 
Heatmap (A) and plot chart (B) of SFXN1 expression among groups with different CNAs in LUAD patients. 2 Copy deletion (−2); 1 Copy 
deletion (−1), no change (0), amplification (+1), and high-amplification (+2) groups. (C,D) Heatmap (C) and correlation analysis (D) between 
SFXN1 expression and its DNA methylation in LUAD patients. CNAs, copy number alterations; LUAD, lung adenocarcinoma. 

for dysregulated SFXN1 mRNA expression in LUAD.
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Data in TCGA-LUSC
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Figure S1 SFXN1 expression in LUSC tissues and Kaplan-Meier curves of OS in LUSC patients. (A) Plots chart showing higher SFXN1 
expression in LUSC tissues (n=502) compared to paracancerous normal tissues (n=49). (B) Kaplan-Meier curves of OS in LUSC patients. 
Patients with LUSC in the TCGA were separated into two groups by setting the Youden Index as the cut-off. LUSC, lung squamous cell 
carcinoma; TCGA, the Cancer Genome Atlas; OS, overall survival; TPM, transcripts per million.
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