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Table S14. Biomarkers whose fold change (FC) expression was ≥ 50 and average TPM of 

control samples ≤ 10. 

   Control Tumor      

# GS 1 AV 2 SD 3 AV SD FC 4 Cnx 5 GC3 Isochore References 
1 AKR1B10 6 2.5 5.9 747.8 1127.5 297.2 3 62.5 H1, H2 (Huang et al., 2016) 
2 CA9 1.4 4.2 94.8 231.4 66.9 5 63.9 H2 (Suzuki et al., 2024) 
3 CLCA2 3.7 8.9 240.9 268.3 64.9 1 37.9 L (Shinmura et al., 2014) 
4 COL7A1 1.6 1.3 102.8 110.7 64.3 8 57.0 H1, H2 (Koca et al., 2023) 
5 COL17A1 2.4 2.9 169.9 257.4 72.0 7 60.7 H1, H2 (Koca et al., 2023)  
6 CTAG2 0.3 1.0 21.1 62.3 82.2 9 64.9 H2 (Djureinovic et al., 2016) 
7 CYP4F11 1.8 1.6 103.6 178.1 58.4 1 71.0 H2 (Jia et al., 2024) 
8 DSC3 2.2 5.3 158.3 136.3 71.8 3 35.8 L (Savci-Heijink et al., 2009) 

9 GJB2 4.4 4.3 362.3 601.5 81.9 23 74.9 H2, H3 
(Zhang et al., 2021; Liu et al., 

2024) 
10 GJB5 1.6 1.5 85.1 64.0 52.1 5 73.7 H2, H3 (Aasen et al., 2019) 
11 GPX2 5.6 7.2 720.6 839.6 127.5 3 70.2 H2 (Peng et al., 2023) 
12 KRT6B 2.0 3.1 563.8 836.1 274.5 28 73.3 H2, H3 (Song et al., 2022) 
13 KRT13 3.5 4.4 653.4 1340.6 187.1 29 69.9 H2 (Yin et al., 2022) 
14 KRT14 4.3 5.2 1627.7 3303.8 381.8 46 80.1 H3 (Koca et al., 2023)  
15 KRT15 6.8 8.3 535.1 742.4 78.9 147 70.0 H2 (Wang and Zhu, 2023) 
16 KRT16 4.0 9.2 1011.9 1645.7 254.7 69 78.5 H3 (Wang and Zhu, 2023)  
17 LYPD3 3.6 2.2 219.6 272.5 61.3 15 70.3 H2 (Hu et al., 2020, 2022) 
18 MMP1 6.6 8.9 358.8 797.1 54.3 2 43.1 L (Zhang et al., 2022) 
19 MMP12 3.6 5.3 184.3 237.4 51.2 1 43.1 L (Li et al., 2024) 
20 NTS 9.7 21.7 831.3 2095.5 86.0 3 31.3 L (Moody et al., 2022) 
21 PKP1 6.9 6.3 527.5 444.0 76.9 21 80.9 H3 (Ischenko et al., 2007) 
22 PTHLH 1.1 1.0 146.9 233.6 137.0 1 65.2 H2 (Fang et al., 2022) 
23 S100A7 1.8 3.3 638.4 2708.9 351.9 20 65.7 H2 (Wang et al., 2017) 
24 SBSN 0.8 2.4 71.5 170.9 85.3 2 63.8 H2 (Houri et al., 2023) 
25 SERPINB5 1.4 1.8 191.3 153.8 138.2 12 47.3 L, H1 (Huang et al., 2023) 
26 SOST 0.7 1.7 43.2 110.4 59.3 3 88.3 H3 (Sebastian and Loots, 2018) 
27 SPRR1A 6.3 21.2 899.3 1761.3 143.2 3 68.9 H2 (Zhang et al., 2021)  
28 SPRR1B 4.5 10.5 950.8 1520.4 210.6 7 70.0 H2 (Zhang et al., 2021)  
29 SPRR2A 3.3 10.9 603.2 1152.0 184.9 12 58.9 H1, H2 (Xu et al., 2020) 
30 SPRR2D 1.9 4.7 261.1 511.0 133.7 4 58.9 H1, H2 (Kong et al., 2021) 
31 SPRR2E 2.0 6.5 212.8 564.2 107.0 5 57.5 H1, H2 (Cabral et al., 2001) 
32 SPRR3 1.9 5.7 366.3 757.3 194.9 1 53.5 H1 (Liao et al., 2024) 
33 TMPRSS4 1.8 1.7 90.2 82.1 50.1 5 70.5 H2 (Villalba et al., 2019) 

34 TP63 4.3 2.5 251.8 229.0 57.9 87 60.9 H1, H2 
(Lim et al., 2003; Lin et al., 2024; 

Jiang et al., 2024) 

1 GS, Gene symbol. 2 AV, Average. 3 SD, Standard deviation. 4 FC, Fold change. 5 Cnx, Connections score. 6 Biomarkers 

with FC > 100 are underlined. 

Contextualization of Table S14 information 

To make Table S14 more informative, we compiled and briefly summarized the quotations from 

its publication references as presented below. 
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Aldo-keto reductase family 1, member B10 (AKR1B10) is known to be significantly induced in 

the cells of various cancers and its overexpression promotes breast cancer cell migration and 

invasion via activation of ERK signaling (Li et al., 2017)⁠. Carbonic anhydrase 9 (CA9) is 

considered a marker of hypoxia and it has reported that CA9 is associated with tumor invasion 

and metastasis. It was found that CA9-positive patients presented significantly poorer survival 

rate for OS than that of the CA9-negative patients (Suzuki et al., 2024). The Chloride Channel 

Accessory 2 (CLCA2) is involved in chloride conductance and has been proposed as a biomarker 

to distinguish between LUSC and LUAD (Shinmura et al., 2014)⁠.  Collagen Type VII Alpha 1 

Chain (COL7A1) was identified as a hypoxia-related key gene in LUAD progression (Li et al., 

2020)⁠. Its increased expression is correlated with tumor progression and aggressive forms of 

clear cell renal cell carcinoma (Koca et al., 2023)⁠. On the other hand, Collagen Type XVII Alpha 

1 Chain (COL17A1) was confirmed to promote cell proliferation, migration, and invasion in 

vitro mediated by the epithelial-mesenchymal transition pathway. Thus, COL17A1 could be used 

as a prognostic marker in PC (Yang et al., 2022)⁠. Cancer testis antigens (CTAs) are of clinical 

interest as biomarkers and present valuable targets for immunotherapy (Djureinovic et al., 2016). 

Cytochrome P450 Family 4 Subfamily F Member 11 (CYP4F11) is significantly overexpressed 

in LUSC patients and promotes cell proliferation and migration in cancer (Jia et al., 2024)⁠. 

Desmocollin 3 (DSC3), a member of the Cadherin superfamily and a cell adhesion marker, is 

one of the markers to predict predict the risk of tumor progression based on the epithelial-

mesenchymal transition. DSG3 can be a useful ancillary marker to identify subtypes of lung 

cancer (Savci-Heijink et al., 2009). Gap-junctional intercellular communication is crucial for 

epidermal cellular homeostasis. Gap junction protein beta-2 (GJB2) promotes hepatocellular 

carcinoma progression by activating glycolysis through cytoplasmic translocation and generating 

a suppressive tumor microenvironment. GJB2 is related to glycolysis, promoting NF-κB pathway 

via inducing the ubiquitination degradation of IκBa, and activating HIF-1α/GLUT-1/PD-L1 

pathway (Liu et al., 2024). In lung cancer, GJB5 connexin expression is unfavourable for patient 

outcome (Aasen et al., 2019)⁠. Glutathione peroxidase 2 (GPX2), an antioxidant enzyme, is 

involved in tumor progression and metastasis. Its elevated expression in NSCLC tissues is 

correlated with poor prognosis (Peng et al., 2023)⁠. Keratins 6B (Song et al., 2022)⁠, 13  (Yin et 

al., 2022), 14 (Gogoi et al., 2024),⁠ 15 (Wang and Zhu, 2023)⁠, and 16  (Wang et al., 2023) 

regulate the invasion as well as the stemness and is associated with tumor size and metastasis of 

several cancers. LY6/PLAUR Domain Containing 3 (LYPD3) is highly expressed in LUAD 

tumor (Hu et al., 2020)⁠. LYPD3 participates in tumorigenesis through p53 or/and the PI3K/AKT 

signaling pathway (Hu et al., 2022)⁠. Matrix Metalloproteinase 1 (MMP1) overexpression 

promotes cancer progression and is associates with poor patient outcome in head and neck 

carcinoma (Zhang et al., 2022)⁠, while MMP12 is a potential predictive and prognostic biomarker 

of various cancers including lung adenocarcinoma (Li et al., 2024)⁠. Neurotensin (NTS) receptor 

1 regulates the growth non-small cell lung cancer cells. NTS binds with high affinity to NTSR1, 

leading to increased tyrosine phosphorylation of the EGFR and HER2, which lead to increased 

proliferation (Moody et al., 2022)⁠. Although desmosomes have generally been associated with 
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tumor suppressor functions, it has been found that Plakophilin 1 (PKP1) is recurrently 

overexpressed in LUSC to exert an oncogenic role by enhancing the translation of MYC (Boyero 

et al., 2022)⁠. Cachexia is the most common risk factor for increased mortality rates among 

patients with advanced lung cancer. The parathyroid hormone-like hormone (PTHLH) is 

reported to be involved in the pathogenesis of cancer cachexia (Fang et al., 2022)⁠. PTHLH 

expression leads to increasing tumor growth and is a poor prognosis marker in head and neck 

squamous cell carcinoma (HNSCC) patients (Chang et al., 2017)⁠. The calcium-modulated 

S100A7 protein promotes lung adenocarcinoma to squamous carcinoma transdifferentiation, and 

the Hippo-YAP pathway in lung cancer cells differentially regulates its expression (Wang et al., 

2017)⁠. Suprabasin (SBSN) is a secreted protein that induces various cellular processes such as 

proliferation, invasion, metastasis, migration, angiogenesis, apoptosis, therapy and immune 

resistance. It is in involved the maintenance of survival and proliferation, invasion and 

angiogenesis of LUSC cells under hypoxia (Houri et al., 2023)⁠. Serine protease inhibitor B5 

(SERPINB5) is a prognostic biomarker and promotes proliferation, metastasis and 

epithelial‐mesenchymal transition in LUAD (He et al., 2023)⁠. Sclerostin (SOST) is an 

endogenous inhibitor of bone formation. Up-regulated SOST expression was associated with 

breast cancer bone metastases and worse patient survival, which prompt Sun et al. (2022)⁠ to 

propose SOST as a new class of potential therapeutics for treatment of bone metastasis in breast 

cancer. The expressions of Small Proline Rich Protein 1B (SPRR1B) and SPRR2D in multiple 

tumor data sets were higher in tumor tissues than in normal tissues including in lung cancer. 

Thus, SPRR1B and SPRR2D could serve as a biomarker (Zhang et al., 2021)⁠. The fact that 

Serum Small Proline-Rich Protein 2A (SPRR2A) levels in gastric cancer patients were 

associated with lymph node metastasis and the tumor-node-metastasis suggest that it can be used 

as an effective marker for this disease (Xu et al., 2020)⁠. SPRR2E and SPRR3 are also all highly 

expressed in the H1299 cell line (Xiong et al., 2017)⁠. SPRR3 has been proposed as a promising 

diagnostic and prognostic biomarker for a diverse array of cancers and including LUAD (Liao et 

al., 2024)⁠. Transmembrane protease serine 4 (TMPRSS4) is a member of the type II 

transmembrane serine protease. When highly upregulated, it plays a role in facilitating the 

growth and metastatic spread of cancer cells. TMPRSS4 protein expression can be used to 

stratify patients at high risk of relapse/death in very early stages NSCLC patients (Villalba et al., 

2019)⁠. Tumor Protein P63 (TP63) is a DNA-binding protein member of the p53 family, which 

regulates the differentiation and proliferation of epithelial progenitor cells. It is likely to be 

involved in the development of LUSC (Lim et al., 2003)⁠. Its variation is a risk factor for the 

development of lung adenocarcinoma in the UK population. Furthermore, they provide 

additional insight into the subtype-specificity of the 3q28 lung cancer association (Wang et al., 

2011). Patients with elevated TP63 expression had poorer overall survival and lower 3-year 

recurrence-free survival (Lin et al., 2024)⁠. 
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