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Background: TKI-acquired resistance markedly interferes with treatment of lung cancer patients with EGFR mutant features. Long 
non-coding RNAs (lncRNAs) modify EGFR-TKI resistance during tumor progression. Non-structural maintenance of chromosomes 
condensin I complex subunit G (NCAPG) is a mitosis-related protein that is involved in tumorigenesis. We investigated the potential 
regulatory lncRNAs of NCAPG in lung adenocarcinoma (LUAD) and assessed their roles in EGFR-TKI resistance.
Methods: Data for 1678 lung cancer patients were retrieved from TCGA and GEO databases and used to evaluate NCAPG and lncRNAs 
expressions, as well as their prognostic significance in LUAD. Protein levels of NCAPG in LUAD were validated by immuno-histochemistry. 
To assess the relationship between NCAPG levels and EGFR-TKIs sensitivity, a cohort of 57 LUAD patients administered with EGFR-TKIs 
was used.
Results: Both NCAPG and lncRNA AC099850.3 were over-expressed in LUAD tissues, and correlated with tumor progression and 
poor prognosis in LUAD. LncRNA AC099850.3 was identified as a potential regulator of NCAPG expressions. The AC099850.3/ 
NCAGP axis was markedly correlated with EGFR mutations and IC50 of EGFR-TKIs. Besides, elevated NCAPG levels were 
associated with EGFR-TKIs resistance in 57 LUAD patients undergoing TKIs treatment. Gene set enrichment analysis revealed 
that both AC099850.3 and NCAGP were abundant in the cell cycle and the p53 signaling pathway.
Conclusion: The AC099850.3/NCAPG axis is a potential prognostic predictor and therapeutic biomarker for EGFR-TKIs in LUAD.
Keywords: lung cancer, biomarker, NCAPG, lncRNA, EGFR

Introduction
Globally, lung cancer is the leading cause of tumor-associated mortality.1 Intriguingly, non-small cell lung cancer (NSCLC) 
constitutes more than 85% of all lung cancer cases.2,3 This group of cancers mainly include lung adenocarcinoma (LUAD) 
and lung squamous cell carcinoma (LUSC). Currently, surgery, targeted chemotherapy, immunotherapy and radiotherapy 
among other intervention methods are the main therapeutic approaches for NSCLC.4–6 Despite recent advances in early 
detection, diagnosis, targeted and immune therapies, the mortality rate due to NSCLC is high.7–9 Therefore, elucidation of 
molecular mechanisms and identification of new therapeutic targets is vital for clinical management of NSCLC.

The epidermal growth factor receptor (EGFR) signaling cascade has a critical role in cell proliferation and NSCLC 
survival.10 Drugs, for instance the EGFR tyrosine kinase inhibitors (TKIs) such as gefitinib and erlotinib have been shown to 
reduce tumor sizes in NSCLC patients with EGFR-activating mutations.11 However, due to drug resistance, the overall clinical 
efficacy from these drugs in NSCLC individuals is low.12 Therefore, it is important to identify novel biologic signatures to 
complement the initial EGFR mutation status for enhanced prediction of EGFR-TKIs responsivity and elucidate on molecular 
mechanisms of EGFR-TKIs acquired resistance.
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NCAPG is a mitosis-related protein involved in chromosomal condensation during mitosis.13–15 As an oncogene, NCAPG 
affects the proliferation and migration of hepatocellular carcinoma cells and is correlated with poor prognostic outcomes.16–22 

Through pan-cancer analyses of the Cancer Genome Atlas (TCGA) dataset, Xiao et al23 established that NCAPG is over- 
expressed in 16 cancer types. This phenomenon is remarkably correlated with oncogenesis and progression of various tumors, 
such as gastric,24 prostate cancer,25 endometrial26 and clear cell renal cell carcinomas.27 Recently, several researchers have found 
that NCAPG is required for tumorigenesis and progression of LUAD.28–30 Thus, NCAPG is possibly a novel biomarker for 
LUAD early diagnosis, prognosis prediction, and drug development. However, whether NCAPG plays a role in EGFR-TKI 
resistance has never been clarified.

Long non-coding RNAs (lncRNAs) are >200 nucleotides in length. They play vital roles in cancer cell proliferation, 
metastasis and EGFR-TKI resistance.31–34 Studies have evaluated the transcription landscape of NCAPG to establish its 
significance in tumorigenesis. However, these studies mainly focused on protein-coding genes. Elucidation of its regulatory 
network, especially at the lncRNA levels, will be beneficial for understanding cancer pathogenesis and for informing the 
development of appropriate prevention and treatment strategies.

Using TCGA and GEO databases, NCAPG levels in NSCLC, the clinical value and cancer-related functions of NCAPG 
in interacting with lncRNA AC099850.3 and potential mechanisms of the AC099850.3/NCAPG axis were evaluated. 
Besides, the significance of the AC099850.3/NCAPG axis in EGFR-TKIs resistance in LUAD was delineated.

Materials and Methods
Data Mining from the TCGA Database
Level 3 mRNA-seq (HTSeq-FPKM) data for 535 primary LUAD tissues and 59 non-malignant tissue samples were abstracted 
from the TCGA database. Clinical data from 522 patients with primary LUAD were also obtained from the TCGA-LUAD 
dataset. After excluding patients without complete survival data and those with a survival time of less than 30 days, 477 LUAD 
patients were included for subsequent analyses. The TCGA-LUSC dataset contained data for 502 patients with primary LUSC 
and 49 non-malignant tissue samples. Finally, 467 LUSC patients with complete NCAPG mRNA-seq and clinical data were 
selected for further analyses. Strawberry-Perl-5.30.0.1 and R software (v3.6.3) were used to collate and normalize the original 
data. DNA methylation and copy number variations (CNVs) of NCAPG were assessed using cBioPortal of Cancer 
Genomics,35 whereas the relationship between levels of NCAPG with TP53 and associated mutations were evaluated using 
the TCGA-LUAD dataset. Characteristics of LUAD and LUSC patients from TCGA databases are presented in Table S1.

Oncomine Analysis
Oncomine is a frequently-used cancer microarray data resource and integrated data-mining platform that provides 
published transcriptomic data on multiple cancer types.36 We used it to assess NCAPG mRNA expressions in tumor 
and non-malignant LUAD as well as LUSC tissues. Search parameters were: Gene: NCAPG mRNA, Cancer Type: Lung 
cancer, Threshold by Fold-change>1, p<0.001, Gene rank = top 10%.

Data Mining from Gene Expression Omnibus (GEO) Database
Sequencing and clinical data for lung cancer patients were downloaded from the GEO database. The downloaded three 
datasets (GSE31210,37 GSE3021938 and GSE7209439) were independently analyzed to validate our results. The 
characteristics of LUAD and LUSC patients from the GEO database are shown in Table S2.

LUAD Patient Samples
To assess NCAPG protein levels, between Jan. 2018 and Oct. 2018, twenty-two cancerous tissue samples and their matched non- 
malignant lung tissue samples located > 5 cm at the edge of the cancerous tissue were selected from 22 patients in our hospital. 
All patients were randomly selected and pathologically confirmed with LUAD. Patients who had received radiotherapy and 
chemotherapy, or had other malignant tumors, coronary heart disease, or diabetes were excluded. Among the 22 LUAD patients 
(13 male and 9 female; median age 58.5 years, range 41–77 years), 5, 5, 1, 9 and 2 patients were respectively classified into IA, 
IB, IIA, IIB and IIIA LUAD stages, according to the AJCC 7th staging system. This study was approved by the Research Ethics 
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Committee of the Affiliated Hospital of Chifeng University and written informed consents were obtained from all participants. 
All the procedures in the study complied with the 1964 Declaration of Helsinki and its subsequent amendments.

Clinical Patients and Therapeutic Evaluation of EGFR-TKIs
To assess the relationship between NCAPG levels and EGFR-TKIs sensitivity, a retrospective analysis was conducted on 
a cohort of 57 LUAD patients that had been treated with EGFR-TKIs in our hospital from Feb. 2018 to Jun. 2019. 
Among the 57 LUAD patients (30 male and 27 female; median age 63.4 years, range 40–83 years), 2, 5, 25, 9 and 16 
patients were respectively classified into IIA, IIB, IIIA, IIIB and IV LUAD stages. Participants were only administered 
with erlotinib or gefitinib during the research period. Therapeutic efficacies were evaluated at 1–3 months after EGFR- 
TKIs administration using CT following the RECIST 1.1 criteria, as previously described.40,41 In cases of clinical 
progression, patients were switched to other treatment options, such as radiotherapy and chemotherapy.

Immunohistochemistry Staining Assays
Immunohistochemistry (IHC) was performed on samples from LUAD patients as previously described.42 Briefly, after 
deparaffinization, hydration and antigen retrieval, tissue sections were incubated overnight at 4°C with anti-NCAPG 
primary antibodies (Rabbit Anti-NCAPG antibody ab251864, 1:100; Abcam Corp., Cambridge, UK). After washing, 
they were incubated with secondary antibodies (Goat Anti-Rabbit IgG H, L ab205718; 1:200,00; Abcam Corp., 
Cambridge, UK), stained and independently assessed by two experienced pathologists. An overall protein expression 
score, ideally ranging from 0 to 12, was computed as previously documented.42,43

Prediction of NCAPG-Related lncRNAs
Based on lncRNA information in the Ensembl database, lncRNA expression profiles were extracted from TCGA-LUAD 
RNA-Seq data in Perl software. Then, differentially expressed lncRNAs (DElncRNAs) between non-malignant groups 
and disease groups in the TCGA-LUAD dataset were respectively analyzed with thresholds of |fold Change (FC)| > 1.0 
and p < 0.05 using “limma” in R. Co-expression relationships between DElncRNAs and NCAPG were computed by 
Spearman correlation coefficients. The DElncRNAs that were markedly correlated with NCAPG were considered 
potential NCAPG-related lncRNAs in LUAD (Spearman correlation coefficients> 0.6 and p <0.001).44,45

Prediction of EGFR-Targeted Therapy Responses
Responses to EGFR-TKIs by LUAD patients were analyzed using the pharmacogenomics database; Genomics of Drug 
Sensitivity in Cancer (GDSC; https://www.cancerrxgene.org). The estimated IC50 (half maximal inhibitory concentra-
tions) of EGFR-TKIs were computed by “pRRophetic” in R software (3.6.3).46,47

Gene Set Enrichment Analysis (GSEA)
KEGG enrichment analysis was performed by GSEA to determine which cascade AC099850.3 and NCAPG are enriched 
in. Median expression levels of AC099850.3 and NCAPG mRNA were used as cut-off points for high and low 
expressions of the protein in 535 TCGA-LUAD samples. AC099850.3 and NCAPG associated signaling cascades in 
cancer were identified using GSEA 4.1 (http://software.broadinstitute.org/gsea/).48 Corresponding cascades were 
screened based on Gene size≥50 and false discovery rate (FDR) q-value<0.05.

Statistical Analysis
The IBM SPSS Statistics 23.0 (SPSS, Chicago, IL, USA) and GraphPad 8.02 softwares were used for statistical analyses. 
Based on median NCAPG expression values, samples were stratified into high- NCAPG and low- NCAPG expression 
groups. Data for NCAPG mRNA levels in non-malignant samples were analyzed using the Shapiro–Wilk test. The 
Mann–Whitney U or Student’s t-test were used to compare NCAPG levels between the groups. Overall survival (OS) and 
progress-free survival (PFS) outcomes were analyzed using Kaplan-Meier (K-M) curve method with a Log rank test. Cox 
regression analysis was performed to determine the independent prognostic ability of NCAPG. Then, a nomogram was 
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constructed on the basis of the results of Cox multivariate analyses in terms of OS using “rms” in R software. p < 0.05 
was the threshold for statistical significance.

Results
NCAPG Was Highly Expressed in Lung Cancer
By evaluating the transcription data from TCGA-LUAD (Figure 1A and B) and TCGA-LUSC datasets (Figure 1C and 
D), in tandem with seven analyses of the Oncomine database (Table 1), NCAPG mRNA was established to be markedly 
over-expressed in both LUAD and LUSC tissues, relative to non-malignant lung tissues. Further IHC analysis revealed 
that NCAPG protein levels were over-expressed in LUAD tissues (Figure 2A, t=6.500, p<0.0001). NCAPG was 
abundant in cytoplasms of LUAD cells and neighboring non-malignant lung tissue cells (Figure 2B).

Over-Expressed NCAPG Was Associated with LUAD Progression and Poor 
Prognosis
NCAPG mRNA levels were markedly associated with TNM (Figure 3A, p=0.0023) and N (Figure 3B, p=0.0011) stages 
of LUAD. These results were validated in 2 independent GEO LUAD datasets. Evaluation of the GSE31210 LUAD 
dataset revealed that NCAPG mRNA levels were positively associated with TNM stage (Figure 3C, p=0.0002), relapse 
status (Figure 3D, p<0.0001) and smoking status (Figure 3E, p=0.0001). Moreover, analyses of the GSE30219 dataset 
revealed that elevated NCAPG mRNA levels were markedly associated with T stage (Figure 3F, p<0.0001), N stage 
(Figure 3G, p=0.0211), and relapse status (Figure 3H, p<0.0001) in LUAD patients. Based on analyses of the TCGA- 
LUSC dataset, NCAPG mRNA levels were significantly correlated with N stage (Figure S1A), but not with TNM stage, 
T stage and distant metastasis in LUSC patients (Figure S1B, C, D). These relationships were not found in LUSC patients 
in the GSE30219 dataset (Figure S1E-G).

Figure 1 Expression levels of NCAPG mRNA in LUAD and LUSC. (A)The expression of NCAPG mRNA in LUAD tissues and normal lung tissues. (B) The expression level 
of NCAPG mRNA in LUAD tissues and paired normal lung tissues. (C) The expression of NCAPG mRNA in LUSC tissues and normal lung tissues. (D) The expression level 
of NCAPG mRNA in LUSC tissues and paired normal lung tissues.***P <0.001.

Table 1 Comparative Expression of NCAPG mRNA in 6 GEO Oncomine Datasets

Author Dataset Group Sample Size (Tumor/Normal) p value t Test Fold Change

Hou et al GSE19188 LUAD vs Normal 65/45 1.86E-15 10.88 3.490

LUSC vs Normal 65/27 2.70E-31 20.795 6.017
Su et al GSE7670 LUAD vs Normal 27/30 5.80E-10 7.476 2.747

Okayama et al GSE31210 LUAD vs Normal 226/20 5.68E-12 9.729 2.693

Wachi et al GSE3268 LUSC vs Normal 5/5 8.44E-5 6.741 1.379
Selamat et al GSE32863 LUAD vs Normal 58/58 3.66E-16 10.803 1.861

Landi et al GSE10072 LUAD vs Normal 48/58 2.32E-12 8.031 1.652
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Figure 2 IHC examination of LUAD tissues from 22 hospital patients. (A) IHC scores for NCAPG expression in LUAD and normal lung tissues. (B) Images of LUAD and 
normal lung tissues showing NCAPG protein expression based on IHC assay (magnification, ×200, ×100).***P <0.001.
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LUAD patients in TCGA-LUAD (Figure 4A), GEO31210 (Figure 4B and C), GSE30219 (Figure 4D) and GSE72094 
(Figure 4E-G) datasets with elevated NCAPG levels had markedly worse OS outcomes, especially early-stage LUAD 
patients. Besides, elevated NCAPG mRNA levels markedly correlated with shorter PFS for LUAD patients in 
GEO31210 (Figure 4H and I) and GSE30219 (Figure 4J) datasets. However, NCAPG levels were not markedly 
correlated with OS and PFS for LUSC patients in TCGA-LUSC (Figure S2A) and GSE30219-LUSC datasets (Figure 
S2B, C). These findings imply that over-expression of NCAPG is associated with poorer survival outcomes in LUAD 
patients, but not LUSC patients.

NCAPG Was an Independent Prognostic Predictor for OS and PFS in LUAD
Univariate and multivariate Cox regression analyses revealed that NCAPG is an independent predictor of OS for LUAD 
patients in TCGA-LUAD, GEO31210, GSE30219 and GSE72094 datasets (Figure 5A and B). In addition, NCAPG 
levels were established to independent predictors of PFS for LUAD patients in GEO31210 and GSE30219 LUAD 
datasets (Figure 5A and B).

To validate the prognostic significance of NCAPG, a nomogram was created based on TNM stage, N stage and 
NCAPG mRNA levels, which had been revealed to be independent indicators for OS via multivariate analyses of the 
TCGA-LUAD dataset. Using the nomogram, we predicted the one-year, three-year and five-year survival rates for LUAD 
patients (Figures 5C and S3). Based on these results, a higher total point of the nomogram implies poorer prognostic 
outcomes for LUAD patients.

Figure 3 Correlation of NCAPG mRNA expression with the clinicopathologic characteristics of LUAD. (A and B) Association of NCAPG mRNA expression with TNM 
stage and N stage in TCGA-LUAD patients. (C-E) Association of NCAPG mRNA level with TNM stage, relapse status, and smoking status of GSE31210-LUAD patients. 
(F-H). Association of NCAPG mRNA level with T stage, N stage, and relapse status in GSE30219. **P <0.01; ***P <0.001.
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NCAPG mRNA Levels Were Regulated by DNA Copy Number Alterations and 
Methylation
Then, we determined the association between NCAPG mRNA levels with its CNAs and DNA methylation to establish the 
potential dysregulation mechanisms of NCAPG in LUAD. By analyzing NCAPG CNAs in 512 LUAD patients, we found 
that, although low copy gain and amplification (gain and amplification, n=89, 17.38%) was not frequent, it was still associated 
with markedly-increased NCAPG levels, relative to diploid patients (Figure 6A). Spearman linear regression analysis revealed 
that NCAPG mRNA levels were markedly associated with DNA methylation levels (Figure 6B, r=−0.556, p<0.001), 
suggesting that methylation might also be involved in up-regulation of NCAPG in LUAD.

LncRNA AC099850.3 is a Potential Regulator of NCAPG Expressions and Correlates 
with Prognosis in LUAD
Among the acquired lncRNAs, 1638 DElncRNAs (1405 upregulated and 233 downregulated lncRNAs) were selected 
(Figure S4). Besides, assessment of potential regulatory lncRNAs of NCAPG using the approaches mentioned above 
revealed AC099850.3, TMPO-AS1, and AC091057.1 as candidates for further validation (Figure 7A). Notably, lncRNA 
AC099850.3 had the strongest correlation with NCAPG levels in LUAD (Figure 7A, r = 0.8765, p<0.0001). Thus, 
lncRNA AC099850.3 was selected for further studies. Compared to non-malignant lung tissues, AC099850.3 was 
markedly upregulated in LUAD tissues (Figure 7B, p<0.001). Then, clinicopathological and prognostic analyses were 
performed to verify the significance of AC099850.3 in LUAD. Overexpressed AC099850.3 levels were markedly 

Figure 4 Association of NCAPG expression level with survival of patients with LUAD. (A) K-M curve showing the OS of patients with LUAD in TCGA-LUAD dataset. 
(B and C) K-M curve indicating the OS of patients with LUAD in GSE31210 cohort. (D and E) K-M curve displaying the PFS of patients with LUAD in GSE31210 dataset. 
(F and G) K-M curve showing the OS and PFS of patients with LUAD in GSE30219 cohort. (H-J) K-M curve indicating the OS of LUAD patients in GSE72094 cohort.
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associated with advanced TNM and N stages (Figure 7C, p<0.001). Besides, Kaplan-Meier analyses indicated that 
elevated AC099850.3 expressions were associated with unfavorable OS in LUAD (Figure 7D. p<0.05).

AC099850.3/NCAPG Expressions Correlated with EGFR-TKIs Resistance in LUAD
Given that targeted therapy is effective for LUAD, we accessed the GDSC database to assess the relationship between 
NCAPG levels and responses to EGFR-TKIs. For erlotinib, a commonly used EGFR-TKIs in LUAD, patients in the high 
NCAPG expression group had higher IC50 values (Figure 8A, p<0.001). Biologically, EGFR mutations in LUAD are 
associated with the efficacy of EGFR-TKIs, thus, we performed a chi-square test to compare differences in mutation 
frequencies of EGFR between high and low NCAPG expression groups. In the TCGA-LUAD dataset, mutation 
frequencies of EGFR in low NCAPG expression patients were markedly higher than for those in high NCAPG 

Figure 5 The prognostic value of NCAPG in LUAD patients. (A) Univariate analysis showing the association of NCAPG with OS and PFS in patients with LUAD. (B) 
Multivariate analysis showing the impact of NCAPG on OS and PFS in patients with LUAD. (C) A nomogram for predicting the prognosis of patients with LUAD based on 
TCGA dataset.
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expression patients (Figure 8B, χ2=12.681, p<0.001). Comparable associations were found between AC099850.3 and 
responses to EGFR-TKIs (Figure 8C and D).

To assess the relationship between NCAPG levels and EGFR-TKIs sensitivity in 57 LUAD patients administered with 
erlotinib or gefitinib, we evaluated NCAPG levels via the IHC assay and followed up with them to establish clinical 
responses. NCAPG levels in EGFR-TKIs resistant LUAD patients were markedly elevated, relative to those in EGFR- 
TKIs sensitive LUAD patients (Figure 8E, t=3.651, p=0.0006). These observations suggested that AC099850.3 and 
NCAGP are involved in resistance to EGFR-TKIs.

AC099850.3/NCAPG Associated Signaling Cascades in LUAD
KEGG pathway analyses were performed to assess the biological significance of NCAPG over-expression in LUAD. 
“cell cycle (q<0.0001)”, “p53 signaling cascade (q=0.0002)”, “RNA degradation (q=0.0003)”, “pancreatic cancer 
(q<0.0081)”, “small cell lung cancer (q=0.0088)” and “cancer cascades (q=0.0255)” pathways were significantly 
enriched (Figure 9A). Assessment of the relationship between NCAPG levels and TP53 mutations in TCGA-LUAD 
samples (Figure 9B, left panel) revealed markedly elevated NCAPG levels in the TP53 mutation group (Mann–Whitney 
U =30,383, p=0.0028). Besides, there were significant negative correlations between TP53 and NCAPG levels 
(Figure 9B, right panel, Mann–Whitney U=16201, p<0.0001). Survival analyses showed that elevated NCAPG levels 
and TP53 mutations were associated with poor OS in LUAD (Figure 9C, p<0.05), whereas elevated NCAPG and low 
TP53 levels correlated with poor OS in LUAD patients (Figure 9D, p<0.05).

To determine the biological functions of AC099850.3, GSEA was performed on the TCGA-LUAD dataset (Figure 
S5). Elevated AC099850.3 levels were enriched in “cell cycle (q<0.0001)”, “ubiquitin mediated proteolysis (q<0.0001)”, 
“RNA degradation (q<0.0001)”, “p53 signaling cascade (q<0.0001)”, “renal cell carcinoma (q<0.0001)” and “small cell 
lung cancer (q=0.0006)” signaling cascades.

Discussion
The biological functions and prognostic significance of various biomarkers in cancers can be evaluated through data 
mining in TCGA and GEO datasets. Through systematic bioinformatic analyses, we found that NCAPG mRNA levels 
were elevated in both LUAD and LUSC tissues. Further analysis of the 22 LUAD tissue samples by IHC assays validated 
that NCAPG protein levels were elevated in LUAD patients. Assessment of potential mechanisms involved in NCAPG 
up-regulation in LUAD revealed that DNA copy gain and methylation might contribute to this phenomenon. Further 
analyses indicated that overexpressed NCAPG were markedly associated with rapid tumor progression, early recurrence 

Figure 6 Impaired DNA CNVs and methylation of NCAPG in LUAD. (A) Comparative expression of NCAPG mRNA at various copy number, (B) Spearman correlation 
showing the correlation between NCAPG mRNA and DNA methylation. −1, Shallow deletion; 0, Diploid; +1, Gain; +2, Amplification. *P <0.05; ***P <0.001.

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S365695                                                                                                                                                                                                                       

DovePress                                                                                                                       
6925

Dovepress                                                                                                                                                              Bao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=365695.pdf
https://www.dovepress.com/get_supplementary_file.php?f=365695.pdf
https://www.dovepress.com
https://www.dovepress.com


as well as poor OS and PFS outcomes in LUAD patients. Importantly, COX analyses showed that NCAPG is an 
independent prognostic factor in LUAD. The established nomogram was shown to accurately predict the survival 
outcomes for LUAD patients. LUAD and LUSC differ with regards to disease pathology, molecular mechanisms, 
EGFR mutational status and patient outcomes.49,50 Correlations between NCAPG tumor aggressiveness and survival 
outcomes in LUSC were insignificant. These findings imply differences in the significance of NCAPG in development 
and progression of LUAD and LUSC, and that NCAPG may be a promising molecular target in LUAD, but not in LUSC.

Consistent with our findings, studies have reported that NCAPG is a progression and poor prognosis factor in LUAD, 
providing a novel therapeutic target for LUAD.28–30 Furthermore, overexpressed NCAPG protein levels were estab-
lished in 16 tumor types and were significantly associated with poor survival outcomes in various cancer types, such as 
lung, breast, HCC or ovarian cancer in TCGA datasets.23 However, there are differences between our study and these 
studies. These studies did not involve upstream lncRNA regulating NCAPG and its relationship with EGFR-TKI 
resistance.

Figure 7 The DElncRNAs associated with NCAPG expression and prognosis in patients with LUAD in the TCGA database. (A) The expression level of DElncRNAs 
AC099850.3, TMPO-AS1, and AC091057.1 was positively related to NCAPG level. (B) The expression of AC099850.3 in LUAD tissues and adjacent non-malignant lung 
tissues in the TCGA-LUAD dataset. (C) The association of AC099850.3 expression with TNM stage and N stage in TCGA-LUAD patients. (D) High AC099850.3 
expression was associated with poor OS of LUAD patients in the TCGA dataset. ***P <0.001.
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Given the significance of lncRNAs on gene expressions and tumor development, we attempted to identify the 
potential regulatory lncRNAs of NCAPG.32,51 Screening revealed three NCAPG-related DElncRNAs, including 
AC099850.3, TMPO-AS1, and AC091057.1. Among them, only AC099850.3, a previously uncharacterized lncRNA, 
was associated with tumor progression and poor prognostic outcomes in LUAD. Consistent with our findings, 
AC099850.3 was found to be upregulated in hepatocellular carcinoma patients.52 Bioinformatics analyses revealed 
AC099850.3 as an autophagy-related lncRNA, and elevated AC099850.3 levels were markedly associated with poor 
survival outcomes in tongue cancer and hepatocellular carcinoma patients.53,54 These findings indicate that lncRNA 
AC099850.3 may be a potential regulator of NCAPG in LUAD.

We established that NCAPG was overexpressed in cell cycle and p53 signaling cascades, and abnormalities in TP53 
gene and over-expressions of NCAPG were commonly found in TCGA LUAD patients, implying potential crosstalks 
between lncRNA AC099850.3, NCAPG and p53. This result is further supported by findings of GSEA that AC099850.3 
is primarily abundant in regulation of cell cycle and p53 signaling cascades. In addition, combined alterations of p53 and 
NCAPG correlated with LUAD prognosis. These findings indicate that AC099850.3/NCAGP axis can induce tumor-
igenesis and progression by activating the p53 signaling cascade. Consistent with our findings, NCAPG has been 
correlated with the p53 signaling cascade in hepatocellular carcinoma.17,20

LUAD patients whose tumors have activating mutations within EGFR significantly benefit from treatment using EGFR- 
TKIs. Unfortunately, acquired therapeutic resistance to EGFR-TKIs develops after a certain treatment period.55 We found that 
elevated NCAGP and AC099850.3 levels were associated with increased estimated IC50 for erlotinib. Increased expressions of 
AC099850.3 and NCAGP were markedly associated with elevated mutation frequencies of EGFR. Moreover, higher 
expression levels of NCAPG were associated with EGFR-TKIs resistance in 57 LUAD patients undergoing TKIs treatment. 
For the first time, we found that EGFR-TKIs-treated LUAD patients with suppressed NCAPG levels had markedly improved 

Figure 8 Association of NCAGP and AC099850.3 with EGFR-TKIs resistance. (A) Comparison of estimated IC50 values of erlotinib between high and low NCAPG 
expression groups. (B) Comparison of the mutation frequency of EGFR between high-NCAPG and low-NCAPG expression groups. (C) Comparison of estimated IC50 

values of erlotinib between high- AC099850.3 and low-AC099850.3 expression groups. (D) Comparison of the mutation frequency of EGFR between high and low 
AC099850.3 expression groups. (E) Correlation between NCAPG expression level and clinical response to EGFR-TKIs. *P <0.05; **P <0.01; ***P <0.001.

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S365695                                                                                                                                                                                                                       

DovePress                                                                                                                       
6927

Dovepress                                                                                                                                                              Bao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


clinical responses, relative to those with high NCAPG expressions. Thus, the AC099850.3/NCAGP axis may be a novel 
mechanism for understanding EGFR-TKIs resistance in LUAD and may provide a new strategy for developing AC099850.3/ 
NCAGP related therapeutic approaches to overcome LUAD’s EGFR-TKIs resistance.

Despite the above findings, our study has limitations: (1) The prognostic effect of NCAPG content might be 
dependent on the respective therapy regimen, and the predictive effect of NCAPG might differ depending on the 
respective treatment modality. (2) Due to bioinformatics analyses and limited data, we can only conclude that NCAPG 
and lncRNA AC099850.3 are the important factors affecting LUAD progression and prognosis. Further investigations 
are warranted to clarify the exact roles of NCAPG and lncRNA AC099850.3 in LUAD, and whether they interact. (3) 
The sample size of hospital LUAD patients was small and only LUAD patients were included, thus, the association 
between NCAPG and its prognostic value in LUSC should be confirmed and verified in a larger population. (4) Although 
the sample size for the EGFR-TKIs treated cohort was small and we were unable to conduct survival analysis due to 
incomplete follow-up data, we established that elevated NCAPG expressions are associated with EGFR-TKIs resistance. 
These findings should be confirmed in the laboratory to establish if the AC099850.3/NCAGP axis is involved in 
resistance to EGFR-TKIs in LUAD.

Conclusion
In conclusion, NCAPG levels are upregulated in LUAD tissues. Overexpressed NCAPG is associated with tumor 
aggressiveness and predicted poor outcomes in LUAD patients. LncRNA AC099850.3 may be a potential regulator of 

Figure 9 The association between NCAPG over-expression and TP53 abnormality in LUAD patients. (A). Plots showing results of gene set enrichment analysis of NCAPG. 
(B) Association of NCAPG mRNA with genetic alterations in TP53 gene. (C) Association of high expression of NCAPG and TP53 mutation with the OS of patients with 
LUAD in TCGA dataset. (D) The effect of NCAPG expression and low level of TP53 on the OS patients with LUAD in the TCGA dataset. **P <0.01; ***P <0.001.
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NCAPG expressions and correlates with prognostic outcomes for LUAD patients. Moreover, AC099850.3/NCAGP axis 
is associated with EGFR mutations and resistance to EGFR-TKIs. These results show the clinical significance of the 
AC099850.3/NCAPG axis in LUAD, suggesting it could be a prognostic predictor and therapeutic biomarker for the 
efficacies of EGFR-TKIs in LUAD.
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