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Abstract 

In this report, we analyzed how the profile of gene over-expression is affected by staging in lung 

squamous cell carcinoma. We found 23, 62 and 169 genes differentially expressed in stages I, II and 

III.  We also validaded previously reported biomarkers for lung cancer diagnosis (ERCC1, AURKA, 

TPX2, BIRC5, MET, KLK10, TOP2A, PCNA, KRAS, CCNB1, CEP55, TP53,  EGFR,  CHEK1, CCNB2, 

RRM1, CDK1, MCC, UBE2C, AURKB, EXT1, PYCR1). All together, this short report points to the fact 

lung cancer transcriptome is a potential source for studying tumor staging and progression. 
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Background 

Lung cancer is the leading cause of cancer with an estimated 1.8 million deaths and 2.2 million 

new lung cancer cases worldwide in 2020 (Li et al., 2023). The main cause of lung cancer may be 

smoking (O’Keeffe et al., 2018), but studies on genetic predisposition have also found associations 

with race and gender (Wang et al., 2017). Lung cancer is heterogeneous and fatal, with non-small cell 

lung cancer (NSCLC) as its main pathological subtype. Lung squamous cell carcinoma (LUSC) and 

lung adenocarcinoma (LUAD) are the primary subtypes of NSCLC (Chen et al., 2014) LUSC accounts 

for 20%–30% of every type of lung cancer. The incidence of LUSC has decreased since the 1990s due 

to the efforts of smoking cessation programs (Barta et al., 2019). Specific treatments for LUSCs are 

still lacking, leaving advanced-stage patients with few treatment options (Lau et al., 2022) and clinical 

outcome remain unsatisfactory (Relli et al., 2019).  

Biomarkers can be obtained through many technologies (Zhou et al., 2024). More recently, the 

over-expression of several genes: (i) FGG, C3, FGA, JUN, CST3, CPSF4, and HIST1H2BH (Wu et al., 

2023) and (ii) CCL1, KLRC3, KLRC4, CCL23, and KLRC1 (Li et al., 2021) were proposed as risk and 

prognostic biomarkers for LUSC, while that of other ARC, CLVS2, ENPP5, FAM83D, HPRT1, HSP8, 

ITGA2, LCLAT1, LONRF3, MBNL2, MED12L, NACC2, SLC6A8, THBS1, and ZBTB4 proposed as 

markers of patient survival (Liu et al., 2022). However, critical clinical trial of these markers was not 

evaluated yet. Several ncRNA were also investigated as potential biomarkers (Wang et al., 2019; Liu 

et al., 2022), which show that the area is evolving quickly and that new developments could be 

available in a close future. 

Methods 

RNA-seq from TCGA samples of LUSC were downloaded from the GDC portal 

(https://portal.gdc.cancer.gov/) accessed on 2024-04-04. Among the 486 lung samples, 45 were paired 

samples (45 tumor and 45 non-tumoral samples, each from a same patient), and the remaining (441) 

were non-paired, which means that no control from healthy lung was available for them. The clinical 

sheet informed that (i) for stage I, 198 LUSC samples were non-paired while 24 were paired, (ii) for 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 October 2025 doi:10.20944/preprints202510.2391.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2391.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 6 

 

stage II, 130 LUSC samples were non-paired, while 17 were paired, (iii) and for stage III, 68 LUSC 

samples were non-paired, while 4 were paired.  

RNA-seq counts were normalized according to the reads per kilobase per million mapped reads 

(RPKM) methodology as described by (Mortazavi et al., 2008).  Genes with an average RPK ≤ 4 were 

desconsidered due to the noise they may introduce.  

Then, a two-phase method was used to identify stage expression signatures among LUSC genes. 

First, tumor genes were identified by comparing the tumor with normal samples. In this process, we 

identified malignant genes whose average expression significantly differed among stages by 

comparing 486 tumor samples by reference to the 45 normal samples, i.e, (i) for stage I, we compared 

222 tumor samples with the 45 normal ones, (ii) for stage II, we compared 147 tumor samples with 

the 45 normal ones, and (iii) for stage III, we compared 72 tumor samples with the 45 normal ones. 

We identified these genes whose average expression significantly differed among stages with the 

abbreviation DEGS.  

The average expressions in normal and tumor samples were used to calculate the genes that 

were significantly more expressed in tumors than in normal tissues by computing the false discovery 

rate (FDR) of paired t-test. From the list of significantly up-regulated genes, we considered those with 

a log2 fold change ≥ 1 as up-regulated. Log2 fold change was calculated as the log2(average expression 

of tumor samples of stage i /average expression of normal samples) for i ϵ {1, 2, 3}. This threshold was 

chosen because it is consensus in the literature and because it can be detected by RT-qPCR. Note that 

the average expression of a given gene in tumors of a given stage might be different from that of 

tumors of another stage considering the same gene. However the differences were tiny, in most cases, 

but the average might mask larger differential expression because of the large variance among 

samples. 

Results  

We identified 4,882 genes as up-regulated among tumors of the three stages. From these, 1618, 

1694 and 1795 overlapping genews were associated with stages I, II and III, respectively. The PCA 

(Figure 1A) shows that the first component (PC1) explained 30.46% of total variance in associated 

with the difference of gene expression between paired normal and tumor samples. Normal samples 

are arranged in a more concise group while tumor samples show more disperse pattern, both in the 

first and second components. The number of stage-specific genes were 23, 62, 169 for stages I, II and 

III, respectively (Figure 1B). 
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Figure 1. RNA-seq sample composition and gene expression heterogeneity. A: PCA of tumor genes contrasting 

paired tumor and normal samples. B: Venn diagram of malignant up-regulated genes common to every stages 

(center) and DEGS (periphery). 

We searched the 23, 62, 169  stage-specifgic genes in pubmed records From the 254 genes 

combined, we found a list of 67 genes (Yang et al., 2024; April et al., 2024; Mauricio et al., 2014; Jai et 

al., 2014; Pamela et al., 2017; Chuantao et al., 2021; Fangwei et al., 2022; Kaier et al., 202). Among these, 

27 (40%) were present in the malignant up-regulated genes of this study.  

Because we could validate 27 known, we present the list of stage I in Table 2 and the complete 

list for stages I, II and III in supplemental Table S1. Among the stage-specific genes of stage I (Table 

1) OLFM4, GRB7, DHX36 are related to “stress granule” and already known to to be associated to lung 

cancer through this function. Moreover, the FABP7 is annoted to the KEGG PPAR-signaling pathway 

given that PARγ in myeloid cells is known to promote lung cancer progression and metastasis (Jiyun 

et al., 2024). 

Table 1. Known lung cancer biomarkers identified in our Tumor/Control comparisson. 

  Normal Tumor   

# GS1 Av2 SD3 AV SD FC Citation 

1 BRCA1 2,39 0,96 10,17 6,28 4,26 Burotto et. al., 2014 

2 ERCC1 22,36 3,72 32,01 12,6 1,43 
Scott & Salgia, 2008; Burotto 

et. al., 2014 

3 FGFR2 30,91 14,78 49,14 49,37 1,59 
Patel et al., 2015; Villalobos 

& Wistuba, 2017 

4 AURKA 4,26 1,89 43,31 22,78 10,17 Yunchu et. al., 2024 

5 TPX2 5 4,39 127,85 87,53 25,58 Wang & Li., 2022 

6 BIRC5 3,22 3,25 85,75 48,09 26,65 Yunchu et. al., 2024 

7 PIK3CA 6,47 2,06 11,97 8,38 1,85 

Patel et al., 2015; Villalobos 

& Wistuba, 2017; Zhang et. 

al., 2021 

8 KLK10 10,62 4,75 27,39 46,8 2,58 Zhang et. al., 2021 

9 TOP2A 5,64 5,9 116,07 92,53 20,59 Yunchu et. al., 2024 

10 PCNA 102,48 28,78 404,4 200,94 3,95 Yunchu et. al., 2024 

11 KRAS 21,86 5,41 37,03 33,92 1,69 Burotto et. al., 2014 

12 CCNB1 7,85 5,34 101,89 51,12 12,98 Cai et. al., 2023 

13 CEP55 2,8 2,43 49,17 29,62 17,55 Wang & Li., 2022 

14 TP53 26,41 7,09 48,55 40,35 1,84 
Scott & Salgia, 2008; Burotto 

et. al., 2014 

15 EGFR 35,85 12,63 113,54 225,28 3,17 

Scott & Salgia, 2008; Burotto 

et. al., 2014; Patel et al., 

2015; Villalobos & Wistuba, 

2017 

16 CHEK1 1,85 0,96 18,72 9,62 10,11 Cai et. al., 2023 

17 CCNB2 3,36 2,55 60,1 30,73 17,89 Cai et. al., 2023 

18 BRAF 4,76 1,28 4,97 2,16 1,04 
Patel et al., 2015; Villalobos 

& Wistuba, 2017 

19 RRM1 27,57 7,56 87,18 49,05 3,16 
Scott & Salgia, 2008; Burotto 

et. al., 2014 

20 CDK1 5,52 3,16 61,52 33,84 11,15 Cai et. al., 2023 

21 MCC 11,04 4,62 16,25 11,81 1,47 Zhang et. al., 2021 

22 UBE2C 6,03 5,21 180,1 108,34 29,88 Yunchu et. al., 2024 

23 TYMS 2,69 1,22 12,67 10,37 4,71 Yunchu et. al., 2024 

24 AURKB 2,23 2,12 48,9 30,33 21,96 Yunchu et. al., 2024 
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25 EXT1 29,82 8,98 49,45 25,92 1,66 Zhang et. al., 2021 

26 PYCR1 8,91 5,79 71,7 56,09 8,05 Wang & Li., 2022 

27 PDCD1 4,07 2,99 5,57 6,34 1,37 Patel et al., 2015 

1GS: Gene symbol. 2Avg.: Average. 3S.D.: Standard deviation. 4FC: Fold change. 

Table 2. Stage-secific genes (Stage I). 

 Tumor/normal Stage I/normal 

SYMBOL log2fc pvalue FDR log2fc pvalue FDR 

CRLF1 1,25 7,42E-02 0,1 1,49 4,63E-03 4,97E-03 

LTF 0,47 4,09E-01 0,46 1,27 2,11E-03 2,31E-03 

RAI14 1,14 3,28E-05 0 1,06 1,02E-11 1,56E-11 

SERTAD4 1,01 3,56E-05 0 1,1 5,37E-16 9,63E-16 

OLFM4 4,1 3,04E-03 0,01 6,63 1,15E-02 1,21E-02 

CCDC91 0,87 2,35E-04 0 1,04 1,78E-04 2,04E-04 

NPL 0,59 3,98E-02 0,06 1,01 5,30E-06 6,48E-06 

GRB7 0,88 4,08E-06 0 1,34 1,56E-02 1,63E-02 

NSDHL 1,08 5,75E-08 0 1,01 1,87E-39 1,05E-38 

TKFC 0,91 4,21E-10 0 1,02 1,36E-40 8,06E-40 

NADK2 1,05 1,47E-07 0 1,03 1,29E-21 2,92E-21 

CXADR 1 4,47E-04 0 1,01 9,61E-17 1,78E-16 

FABP7 9,76 3,13E-01 0,36 7,83 4,06E-03 4,37E-03 

RPUSD2 0,92 3,69E-09 0 1,02 2,00E-42 1,36E-41 

KRT4 0,93 2,98E-01 0,35 1,59 1,69E-02 1,76E-02 

SNCG 0,42 5,30E-01 0,58 1,19 3,96E-04 4,47E-04 

DHX36 1,05 1,08E-08 0 1,08 5,36E-46 4,63E-45 

COPB2 0,99 7,04E-09 0 1,05 2,90E-48 3,05E-47 

KPNA4 1,01 6,32E-10 0 1,01 4,12E-41 2,53E-40 

AMTN 8,69 2,79E-02 0,04 7,97 1,50E-03 1,64E-03 

IGHA2 1 8,76E-02 0,12 1,42 1,02E-04 1,18E-04 

PCP4L1 0,74 2,51E-01 0,3 1,18 1,52E-05 1,82E-05 

MARCKS 1,14 1,10E-10 0 1,03 2,63E-27 7,60E-27 

Conclusions 

The directive of World Health Organization (WHO) is to support the development of fast 

methods of lead screening against cancer, and the classification of tumors for suitable therapies. By 

2020, the cancer of lung (2.21 million cases) came in second place worldwide behind that of breast 

(2.26 million cases), but before those of colon and rectum (1.93 million cases), prostate (1.41 million 

cases), skin (non-melanoma, 1.20 million cases), and stomach (1.09 million cases). Here we show that 

transcritpme analysis of tumor/control samples identify known biomarkers, and moreover, stage-

specific genes of strage I can be associated to early stage tumor. We then prose more exploration of 

the GDC Cancer portal for studying tumor staging and progression. 

Supplmentary Materials: The following supporting information can be downloaded at the website of this paper 

posted on Preprints.org 
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