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Introduction: Lung adenocarcinoma (LAC) accounts for more than a half of non-small cell 

lung cancer with high morbidity and mortality. Progression of treatment has not accelerated 

the improvement of its prognosis. Hence, it is an urgent need to develop novel biomarkers for 

its early diagnosis and treatment.

Materials and methods: In this study, we proposed to identify LAC survival-related genes 

through comprehensive analysis of large-scale gene expression profiles. LAC gene expression 

data sets were obtained from The Cancer Genome Atlas (TCGA). Identification of differen-

tially expressed genes (DEGs) in LAC compared with adjacent normal lung tissues was first 

performed followed by univariate Cox regression analysis to obtain genes that are significantly 

associated with LAC survival (SurGenes). Then, we conducted sure independence screening 

(SIS) for SurGenes to identify more reliable genes and the prognostic signature for LAC survival 

prediction. Another two lung cancer data sets from TCGA and Gene Expression Omnibus (GEO) 

were used for the validation of prognostic signature.

Results: A total of 20 genes were obtained, which were significantly associated with the overall 

survival (OS) of LAC patients. The prognostic signature, a weighted linear combination of the 

20 genes, could successfully separate LAC samples with high OS from those with low OS and 

had robust predictive performance for survival (training set: p-value ,2.2×10-16; testing set: 

p-value =2.04×10-5, area under the curve (AUC) =0.615). Combined with GEO data set, we 

obtained four genes, that is, FUT4, SLC25A42, IGFBP1, and KLHDC8B that are found in both 

the prognostic signature and DEGs of LAC in GEO data set.

Discussion: The prognostic signature combined with multi-gene expression profiles provides 

a moderate OS prediction for LAC and should be helpful for appropriate treatment method 

selection.
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Introduction
Lung cancer is both the most common cancer and the leading cause of cancer-related 

mortality worldwide.1,2 The 5-year survival rate after diagnosis of lung cancer is 

15.6%, which is lower than the survival rate for colon, breast, or prostate cancer.3 

Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers, and lung 

adenocarcinoma (LAC) is the most diagnosed histological subtype of NSCLC.4,5 The 

lung cancer is most commonly diagnosed at a late stage, which results in a poor patient 

survival rate. Although advanced progression had been made in treatment, including 

surgical, medical, and radiotherapeutic interventions, the long-term survival rate of 

patients diagnosed with primary LAC has not improved.6,7 Previous studies have 

reported that LAC tends to grow and spread faster than other types of lung cancer and 

accounted for almost half of all lung cancer.8 To date, the survival of LAC patients 
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remains dismal and 5-year survival rate is only ~10%.9 The 

molecular mechanisms of LAC carcinogenesis and progres-

sion remain unclear.

The prognosis of lung cancer mainly depends on the prob-

ability of recurrence and metastasis. Recently, many efforts 

were made to identify the potential molecules that are the 

prognosis markers of lung cancer patients. Cui et al10 reported 

a significant association between the prognosis of LAC 

patients and the expression of fibulin-1, a member of fibulin 

gene family, and showed that overexpression of fibulin-1 in 

patients was positively associated with the overall survival 

(OS) of LAC patients. This result suggested that fibulin-1 may 

possess a novel role in LAC prognosis and act as a potential 

molecular target for the detection and treatment of LAC.10 

HoxB9 is a member of Hox family and plays an important 

role in cancer progression. Zhan et al found that enhanced 

expression of HoxB9 correlates with T classification and more 

lymph node metastasis, leading to a poor prognosis of LAC 

patients.11 A strata analysis of CCND1 gene was performed 

in the LAC patients, the results of which showed that over-

expression of CCND1 was significantly associated with poor 

prognosis and low OS of LAC, suggesting that CCND1 may 

act as a potential predictive marker or molecular target for the 

treatment and prognosis of LAC patients.12 Although some 

molecular targets were identified and regarded as potential 

markers for the prognosis of LAC patients at present, the 

predicting accuracy of those molecules was insufficient. Iden-

tification of novel biomarkers would be one of the promising 

approaches for developing new diagnostic, therapeutic, and 

prognostic strategies of LAC.

Biomarkers possess some special features, such as mea-

surable, dependable, inexpensive, and high sensitivity and 

specificity. These features confer the biomarkers as a poten-

tial tool in screening and recurrence detection of cancer.13 

Diverse techniques including biological information indexing 

and database provision have been developed for identifying 

novel biomarkers in many diseases, which are helpful for us 

to better understand the biological reactions including inva-

sion, metastasis, proliferation, and prognosis. Bioinformatics 

is recently growing in the field of cancer biology, and several 

public databases, such as The Cancer Genome Atlas (TCGA), 

Gene Expression Omnibus (GEO), Embase, Surveillance, 

and Epidemiology and End Results, are open access for 

researchers.14 In this study, the transcriptomes of more than 

500 LAC samples obtained from TCGA were analyzed. 

Through the combination of univariate survival analysis and 

sure independence screening (SIS)-based dimensionality 

reduction, 20 genes were identified as the potential prognosis 

markers. Besides, we validated the predictive accuracy of the 

20 genes in another data set from TCGA which contains more 

than 200 LAC samples. Our study should provide impor-

tant clues for the LAC survival prediction and therapeutic 

strategy selection for different patients.

Materials and methods
study population
The training set was downloaded from TCGA including 

521 LAC samples diagnosed at 33–88 years of age and 488 

(~93.67%) of them were classified as stage I ~ stage III. 

Seventeen samples were removed because of the lack of 

survival information. The clinicopathological features of 

patients are provided in Table S1. One hundred LAC patients 

had both tumor and adjacent normal tissues, which were used 

for the differential expression analysis. Another LAC data 

set consisting of 230 LAC samples from TCGA was used as 

validation set with 28 samples removed due to missing sur-

vival information. We downloaded an LAC gene expression 

data set from GEO with the accession number GSE85841 

consisting of eight LAC and eight adjacent normal tissues 

for the confirmation of differential expression analysis in 

the training set.

gene expression data analysis
Raw read counts of transcriptomic data from TCGA were 

normalized by quartile normalization method and logarithmic 

transformed to a normal distribution. DESeq215 biocon-

ductor package was used for the identification of differen-

tially expressed genes (DEGs) in LAC samples compared 

with adjacent normal tissues with the criteria of adjusted 

p-value ,0.01 and absolute log2-based fold change .1. For 

gene expression data from GEO, we used GEO2R online tool 

to conduct differential expression analysis with the thresh-

olds of adjusted p-value ,0.01 and absolute log2-based fold 

change .1 as significantly differential expression.

screening of lac survival-related genes
We conducted a two-step method for the screening of LAC 

survival-related genes. First, univariate Cox regression 

analysis between expression values of DEGs and survival 

of samples in training set was performed, and the significant 

genes were abbreviated as SurvGenes. The relatively high 

number of SurvGenes in contrast to the small sample num-

ber might lead to overfitting. Second, we used SIS based on 

LASSO Cox penalized regression model to identify more 

important variables and construct a multi-gene-based prog-

nostic signature for OS prediction. The two-step screening 

method should be more robust and was performed via SIS 

R package.
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statistical analysis
We used the multi-gene-based prognostic signature to calcu-

late risk score (RS) for every sample and divided the samples 

into two groups according to the median RS. Kaplan–Meier 

survival curves were drawn and compared between the sub-

groups via log-rank tests. Receiver operating characteristic 

(ROC) curves were drawn for the predicted 3-year OS based 

on the nearest neighbor method, and area under the curve 

(AUC) was calculated. AUC p-values were obtained through 

bootstrap resampling.

All statistical analyses were performed through R 3.4.1. 

Two-sided p-value ,0.05 was considered as statistically 

significant.

Results
candidate genes
After preprocessing, we first conducted clustering analysis 

for samples in the training set based on their stages via the 

top two principal components. As a result, LAC samples of 

stage I ~ stage IV could not be separated from each other 

(Figure 1A). Hence, it is important to identify other diagnosis 

biomarkers for the assistance of personalized treatment.

Differential expression analysis was conducted based 

on the 100 LAC patients with both tumor and adjacent nor-

mal tissues in the training set. A total of 2,011 genes with 

adjusted p-value ,0.01 and absolute log2-based fold change 

.1 were identified. We then used univariate Cox regression 

Figure 1 Principal component analysis of raw read count and correlation analysis between selected genes expression values and sample survival in training set. (A) Principal 
component analysis of raw read count of samples in different clinicopathological stages in training set. red, blue, green, and purple dots represent stage i, stage ii, stage iii, and 
stage iV, respectively. (B–D) spearman correlation between expression value of C3ORF18, CERS4, and FUT4 and survival times of samples in training set. X-axis and Y-axis 
represent gene expression value and sample survival time, respectively.
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analysis to evaluate associations between DEGs and OS in 

the training set and identified 1,425 SurvGenes with p-value 

,0.05. Figure 1B–D illustrates the Spearman correlation 

between the expression values of three of the 1425 genes, 

that is, C3ORF18 (cor =0.177, p-value =6.30×10–5), CERS4 

(cor =0.125, p-value =4.85×10–3), and FUT4 (cor =-0.178, 

p-value =6.063×10–5), and OS in years. Through functional 

enrichment analysis in the Database for Annotation, Visualiza-

tion and Integrated Discovery,16 1,425 SurvGenes were found 

to be significantly enriched in biological processes/pathways 

related to cell cycle, immune response (Figure 2).

SIS analysis was used to further identify robust gene combi-

nation. Twenty of the 1,425 candidate SurvGenes were obtained, 

including CERS4, FUT4, C3ORF18, CYP17A1, ASPM, HJURP, 

LOC645166, DENND1C, SLC25A42, CCNA2, LDHA, IGFBP1, 

SLC2A1, DAAM2, RGS20, MFI2, LDLRAD3, KLHDC8B, 

CREG2, and SPATA6. Table 1 shows their regression coef-

ficients and forward selection Akaike information criterion.

Differential expression analysis of LAC data sets from 

GEO obtained a total of 1,282 DEGs in LAC compared with 

adjacent normal tissues. Intersecting those DEGs and the 

20 candidate genes, we identified four overlaps, including 

Figure 2 Functional enrichment analysis of survgenes via DaViD. (A) Clustering analysis of significantly enriched biological process (BP) terms. Nodes and edges are BP 
terms and their interactions, respectively. Larger node size indicates more contained genes and darker color indicates more significant, that is, smaller p-value. Thicker line 
indicates more overlaps between the two BP terms. (B) Significantly enriched pathways. X-axis is gene number contained in pathways. Darker color indicates more significant, 
that is, smaller p-value.
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FUT4, SLC25A42, IGFBP1, and KLHDC8B. In the fol-

lowing analysis, we used both the prognostic signature of 

20 candidate gene combination and the prognostic signature 

of four overlap combination for OS prediction. The prognos-

tic score for each sample based on individualized values of 

the 20 genes: prognostic score
20

 =0.1375 × CERS4 - 0.5066 × 

FUT4 + 0.08425 × C3ORF18 + 0.291 × CYP17A1 - 0.436 × 

ASPM + 0.3888 × HJURP - 0.154 × LOC645166 + 0.3972 × 

DENND1C - 0.2404 × SLC25A42 + 0.1753 × CCNA2 - 

0.06559 × LDHA - 0.09503 × IGFBP1 + 0.2518 × SLC2A1 + 

0.02896 × DAAM2 - 0.03843 × RGS20 - 0.08505 × MFI2 - 

0.2181 × LDLRAD3 + 0.1977 × KLHDC8B + 0.05795 × 

CREG2 + 0.10865 × SPATA6; prognostic score based on the 

four genes: prognostic score
4
 =-0.4321 × FUT4 + 0.07663 × 

SLC25A42 - 0.05506 × IGFBP1 + 0.2943 × KLHDC8B.

Prognostic signature for lac patients
We divided the patients in testing sets into two subgroups 

based on the expression values of the 20 candidate genes 

(Figure 3A) and four overlaps (Figure 3B) through hier-

archical clustering. Log-rank test was used for the testing 

of differences of OS between subgroups. As a result, both 

the 20 candidate genes and the four overlaps could signifi-

cantly separate LAC patients with high OS from those with 

low OS as shown in Figure 3C (p-value =5.35×10-10) and 

Figure 3D (p-value =4.44×10-4), respectively. Furthermore, 

we also divided the patients in testing set into two subgroups 

according to their prognostic score
20

 and prognostic score
4
 

based on their median values and tested the significance 

of differences of OS between subgroups through log-rank 

test. As shown in Figure 4A and B, both prognostic score
20

 

(p-value =3.66×10-9) and prognostic score
4
 (p-value =2.04× 

10-5) could robustly predict LAC survival. To evaluate the 

sensitivity of the two prognostic scores, we predicted OS  

through the nearest neighbor method for ROC curves of 

censored survival value. As a result, they could effectively 

predict 3-year OS (AUC of prognostic score
20

 =0.615, 

AUC of prognostic score
4
 =0.5731; p-value ,0.05). The 

ROC curves for the expression of 20 genes were shown 

in Figure 4C.

Discussion
Lung cancer is the leading cause of cancer-related death 

in men and women worldwide.17 LAC was a main type of 

lung cancer and accounts for more than half the incidence of 

morbidity and mortality.8 A recent study by TCGA revealed 

potential novel drivers such as NF1, MET, ERBB2, and RIT1 

which occur in 13% of cases and are enriched in samples 

lacking an activated oncogene.18 Accumulated evidence sug-

gested that the abnormally expressed genes in lung cancer, 

including LAC, were strongly associated with the prognosis 

and could be regarded as the potential prognostic factors, such 

as Fibulin-1, HoxB9, TFEB, and BCL2.10,11,19,20 The predic-

tive accuracy of those molecules was deemed insufficient 

because of no consideration on the condition of simultane-

ous changes in multiple genes. Several previous studies 

have focused on the differential expression or prognosis 

of gene signatures for their potential in LAC diagnosis and 

treatment.21–23 Combination of those two strategies was 

applied for the screening of LAC biomarkers, which should 

be more reliable. Here, we used high-throughput method of 

searching for genetic differences of multiple genes associ-

ated with LAC prognosis and conducted the comprehensive 

analysis to obtain more reliable genes and the prognostic 

signature for LAC survival prediction.

In this study, 521 LAC samples and 504 transcriptomes 

of them were analyzed as training set to identify survival-

related biomarkers. Another data set consisting of 230 LAC 

samples was used as testing set to validate biomarker reli-

ability. A microarray expression data set which included 

eight LAC samples and eight adjacent tissue samples, 

the DEGs in the LAC samples compared to adjacent tis-

sues were identified. After univariate survival analysis 

followed by SIS-based dimensional reduction process, 

Table 1 The 20-gene signatures screened by forward selection 
and their regression coefficients

Gene AIC Coefficient

CERS4 494.2123 0.1375
FUT4 470.2554 -0.5066/-0.4321a

C3ORF18 469.7183 0.08425
CYP17A1 430.3143 0.2910
ASPM 407.2271 -0.4360
HJURP 403.3921 0.3888
LOC645166 383.6688 -0.1540
DENND1C 380.4144 0.3972
SLC25A42 362.051 -0.2404/0.07663a

CCNA2 361.8942 0.1753
LDHA 338.4287 -0.06559
IGFBP1 295.4821 -0.09503/-0.05506a

SLC2A1 294.8089 0.2518
DAAM2 282.4452 0.02896
RGS20 196.9195 -0.03843
MFI2 184.1124 -0.08505
LDLRAD3 182.1311 -0.2181
KLHDC8B 144.8857 0.1977/0.2943a

CREG2 128.026 0.05795
SPATA6 118.6571 0.10865

Note: aRegression coefficient in the four-gene prognostic signature.
Abbreviation: aic, akaike information criterion.
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Figure 3 clustering and Kaplan–Meier analysis in testing set. (A and B) The hierarchical clustering of samples in testing set based on the 20 sure independent screening 
(sis)-resulted genes and four overlaps. color bar at the top of the heatmap represents stages. (C and D) The Kaplan–Meier plot of different clusters obtained based on 
prognostic signature of 20 and four genes, respectively.

20 survival-related genes were retained. We identified four 

genes that exist both in the 20 genes and DEGs of GEO 

data sets, which might be more reliable biomarkers for LAC 

diagnosis and treatment.

Based on the tumor grading, we performed sample clus-

tering by the principal component analysis in the training 

data set. Figure 1A showed that all the samples with dif-

ferent tumor stage were clustered together, suggesting an 

inaccurate grading standard of tumor, which might induce 

inaccurate prediction of cancer prognosis. Therefore, the 

construction-of-molecular model using the survival-related 

genes is needed.

In our research, univariate survival analysis of the DEGs 

in LAC samples of the training data set identified C3ORF18, 

FUT4, and CERS4 as the top three most significant genes 

that are associated with LAC survival. FUT4 is one of 

key enzymes to catalyze the α1,3-fucosylation of tumor 

sugar antigen Lewis Y (LeY), which is a specific tumor-

associated sugar antigen (TASA).24 Overexpressed FUT4 

was observed in the breast cancer patients, and it could be 

served as a novel biomarker in the diagnosis and prognosis 

of breast cancer.25 FUT4 has been reported to be closely 

correlated to tumor proliferation, apoptosis, metastasis, and 

epithelial–mesenchymal transition.26 Ceramide synthases 
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Figure 4 sensitivity analysis for prognostic score20 and prognostic score4 in testing set. (A and B) The Kaplan–Meier plot of samples in testing set with higher and lower 
prognostic score20 and prognostic score4, respectively. (C) receiver operating characteristic curves for the expression of 20 genes and four genes.

(CerSs) are important enzymes that play a central role in 

the sphingolipid pathway.27 CerSs have been implicated in 

cancer biology, especially in apoptosis, through the action of 

ceramide.28 Wegner et al reported that upregulation of CERS4 

in breast cancer cells is important for cell proliferation and 

tumor development.29 In this study, expression values of 

C3ORF18 and CERS4 were positively correlated with the 

LAC OS, and expression value of FUT4 shows a negative 

correlation with the OS in training data set (Figure 1B–D), 

which were consistent with the result of regression analysis 

(Table 1). These results suggested that the expression levels 

of C3ORF18, FUT4, and CERS4 were strongly associated 

with the OS of LAC patients.

Except for C3ORF18, FUT4, and CERS4, many invasion-, 

metastasis-, and prognosis-related genes were included in 

the 20 genes, such as CYP17A1, ASPM, HJURP, and so on. 

CYP17A1 is one of the key enzymes involved in estrogen 

biosynthesis and was upregulated in various cancers.30,31 

Abnormal expression of CYP17A1 might be used as a 

post-diagnostic marker and for choosing the right treatment 

method.32 ASPM is an essential factor for normal mitotic 

spindle function in embryonic neuroblasts.33 ASPM was 

overexpressed in many tumor cells and played an important 

role in malignant transformation and tumor progression.34 

Histone chaperone holliday junction recognition protein 

(HJURP) is responsible for depositing the histone variant 

centromere protein A at the centromere and is upregulated 

in lung and breast cancer.35,36 Montes de Oca et al reported 

that the abnormal expression of HJURP could discriminate 

the favorable and unfavorable outcomes within the luminal A 
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subtype of breast carcinoma and could be an independent 

prognostic marker for luminal A patients.37

In recent years, some prognostic models based on 

cancer-related genes were constructed, and the predictive 

performances of these models were validated in different 

cancer types. Choi et al investigated the genetic variation in 

immune-related genes in breast cancer of Korean women, 

and the results showed that the genetic polymorphisms in 

immune-related genes, including IL-6R, IL-8, IL-10RB, 

IL-12A, and IL-12B, had significant relevance to breast cancer 

prognosis among Korean women.38 A multivariable predic-

tive model for relapse-free survival of neoadjuvant-resistant 

rectal cancer patients was constructed, which consists of 

gender, pT stage, N status, CXCR4, and CXCR7. Higher 

expression of CXCR4 was significantly correlated with a 

shorter relapse-free survival and cancer-specific survival, and 

CXCR4 could be regarded as a new therapeutic target in rectal 

cancer.39 In this study, the prognostic model constructed with 

the 20 genes for the LAC was evaluated and compared with 

the model constructed with the four overlapping genes in the 

testing data set. Both of the two models could robustly predict 

LAC OS and the 20-gene-based model with relatively higher 

prediction accuracy than the four-gene-based model.

In this study, we integrated differential expression and 

regression analysis for LAC data sets from TCGA and GEO. 

Two OS prognostic models, that is, the 20-gene-based and 

the four-gene-based model, were obtained, which should be 

helpful for LAC early diagnosis and personalized treatment.
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Table S1 The clinicopathological features of patients

Clinicopathological features Number

gender
Male 241
Female 280

ethnicity category
hispanic or latino 7
not hispanic or latino 389
not available 125

neoplasm Disease stage american Joint committee on cancer code
stage i 279
stage ii 124
stage iii 85
stage iV 25
Discrepancy 7
not available 1

Patient’s vital status
alive 333
Dead 188

Overall survival (months)
.36 months 136
#36 months 376
not available 9
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