Please ensure you revise THIS text not your originally submitted file

Please ensure you revise THIS text not your originally submitted file

Immune Cell Infiltration and Clinical Significance of Angiogenesis-related Genes in Lung Adenocarcinoma

Qi Zhao1, Wei-Xxing Ren2, Shuping Gao3 and Nan Mu3

1Department of Thoracic Surgery, the Fourth Hospital of Hebei Medical University, Shijiazhuang, P.R. China;
2Hebei Medical University, Shijiazhuang, P.R. China;
3Department of Pharmacy, the Fourth Hospital of Hebei Medical University, Shijiazhuang, P.R. China

Correspondence to: Shuping Gao, email: gsp@hebmu.edu.cn ,Department of Pharmacy, 12 Jiankang Road, Shijiazhuang, Hebei 050011, P.R. China. Tel.: +86 031186095355, e-mail: gsp@hebmu.edu.cn	Comment by IIAR: Please state full postal address
Address: Department of Pharmacy, 12 Jiankang Road, Shijiazhuang, Hebei 050011, P.R. China. +86-0311-86095355

Running title: Signature of aAngiogenesis-related gGenes in Lung Adenocarcinoma	Comment by IIAR: Please provide.  
Section: 

Abstract. Background/Aim: Angiogenesis is one of the hallmarks of cancer. However, the role of molecular subtypes of angiogenesis-associated genes (AAGs) in the tumor immune microenvironment (TIME) of lung adenocarcinoma (LUAD) remains unclear. Materials and Methods: The expression of AAGs in patients with LUAD were studied. Consensus clustering was performed to identify new AAG-associated molecular subgroups. The tumor immune microenvironment (TIME) and immune status of the subgroups were analyzed. Functional enrichment analysis was performed on the differentially expression genes among the clustered subgroups to analyze their relationship with AAGs. Furthermore, a prognostic risk model and clinical nomogram associated with survival time were constructed. Risk scores of drug sensitivity, immune checkpoint molecules, tumor mutational burden, and tumor cell stemness were analyzed. Finally, a series of  in vitro  experiments were performed to investigate the role of dickkopf WNT signaling pathway inhibitor 1 (DKK1) in LUAD. Results: Two molecular subgroups with significantly different survival rates and TIME were identified. Immune checkpoint scores were higher in the subgroup with a worse prognosis. Moreover, differentially expressioned genes were enriched in cell-cycle regulation, protein metabolism, and the immune microenvironment. The risk model and clinical nomogram constructed based on AAGs accurately predicted the prognosis of patients with LUAD. Patients with high-risk scores were less sensitive to chemotherapy but more sensitive to immunotherapy. DKK1 was highly expressed in basal cells and luminal cells. In addition, the knockdown of DKK1 reduced LUAD cell proliferation, invasion, and migration. Conclusion: Models based on AAGs can play an important role in predicting LUAD prognosis and immunotherapy effects. We further characterized the angiogenesis of TIME and studied the AAG DKK1. Our findings provide a theoretical basis for antitumor strategies targeting angiogenesis.	Comment by IIAR: Please define in full followed by (DDK1 ).	Comment by pc: 
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Lung cancer accounts for most cancer-related deaths worldwide[ (1] .). Lung adenocarcinoma (LUAD) is the most common pathological form of lung cancer, and the personalized treatment of LUAD is garnering increasing attention in the clinical setting [(2, 3].). Despite significant advances in the diagnosis, treatment, and prognosis of LUAD, the long-term survival rate remains low [(4, 5].). Therefore, there is an urgent need to elucidate effective molecular biomarkers for improved targeted therapy and prognosis prediction in patients with LUAD.
Angiogenesis is one of the hallmarks of cancer that affects the extracellular milieu of tumors via the regulation of oxygen, nutrients, and growth factors supplied to cancer cells [(6, 7].). The development and growth of tumors are significantly influenced by angiogenic factors that are often overexpressed in various cancer types [(8].). The overexpression of angiogenesis-associated genes (AAGs) has been associated with poor prognosis in many types of tumors, such as urothelial carcinoma and bladder cancer [(9].). Therefore, the inhibition of angiogenesis has become a non-negligible targeted therapeutic option, especially for tumors that do not respond well to conventional therapeutic approaches [(10].). However, the role of AAGs in LUAD remains unexplored. By understanding the molecular characteristics of AAGs, new treatment strategies can be developed to improve the clinical symptoms of LUAD.
In this study, we systematically analyzed AAGs in LUAD. A novel molecular subtype was identified based on AAGs to predict the prognosis of patients with LUAD and the immune status of the tumor microenvironment. Additionally, we constructed a risk score model based on AAGs to predict the clinical outcomes of patients with LUAD. Furthermore, we also conducted a localization study on prognostic genes in LUAD and explored the possible molecular mechanisms to develop a personalized treatment for LUAD. The gene -expression profiles and the corresponding clinical datasets of LUAD were collected from The Cancer Genome Atlas (TCGA)

Materials and Methods	Comment by IIAR: Not all methods are described in sufficient detail so that the study can be reproduced. The use of several databases is reported but not in sufficient detail. Use of algorithms used in database searches should be reported so that other researchers can replicate or build upon the findings. 
	The Results section only sketchily points out what was found, without much detail in referral to Figure content, and the findings are not discussed very well, with questionable rather than comprehensive literature support. The discussion should also include study limitations and the conclusions should align with the scope of the research.
	Finally, the body of data should be deposited in a recognized repository and the repository information should be included in the text.	Comment by pc: We have supplemented the methods and materials. the body of data was deposited in a recognized repository and the repository information should be included in the text
Data collection. The gene -expression profiles and the corresponding clinical datasets of LUAD were collected from The Cancer Genome Atlas (TCGA)
 (https://portal.gdc.com). Samples with no survival time were removed and a final 504 patients were included in the study. A total of 36 AAGs were obtained from The Molecular Signatures Database (https://www.gsea-msigdb.org/gsea/msigdb) for the analysis. The Gene Expression Omnibus (GEO) database (GSE72094) was used to obtain a validation cohort (n=398). Single-cell sequencing was performed on the GSE117570 dataset (comprising two LUAD samples and two normal samples).	Comment by IIAR: First use, please define in full.

Consensus cluster analysis of AAGs. The protein–protein interaction (PPI) network of the 36 AAGs was obtained using STRING (https://cn.string-db.org/) ,Clustering analysis was performed using ConsensusClusterPlus [(11],), with agglomerative partition around medoids(PAM) clustering set at 1−Pearson correlation distance and resampling of 80% of the samples and iterateed it 1000iterated 1,000 times to ensure the stability of the classification. The optimal number of clusters was obtained using a distribution curve. Furthermore, the overall survival (OS) according to the three AAG clusters was evaluated using the Kaplan–Meier method.	Comment by IIAR:  	Comment by pc: 	Comment by pc: 	Comment by IIAR: In full only please.	Comment by IIAR: Specifically, what and how?	Comment by IIAR: 

Determination of differentially expressed genes (DEGs) and construction of gene clusters. Immune and stromal scores for patients of the with TCGA LUAD cohort (n=504) were calculated based on their expression profiles. Immune cell infiltration was quantified using ESTIMATE algorithm[ (12]). DEGs in the three AAG clusters were identified using the “limma” package in the R software (using p<0.01, FDR(false -discovery rate)<<0.01, and logFC(Fold Change)>log fold change >2). Functional enrichment analysis of differential genes was performed using KEGG(Kyoto Encyclopedia of Genes and Genomes (KEGG) and GO(Gene Ontology (GO) analysis. The DEGs associated with survival were determined by univariate Cox regression analysis, and patients with LUAD were classified into different clusters according to the selected DEGs.	Comment by IIAR: Which patients? How many?	Comment by IIAR: Please provide Supplier, city, state, country	Comment by IIAR: In full only please.

Establishment of risk models. Based on prognostic differential genes ,DEGs, the Lleast absolute shrinkage and selection operator (LASSO)-–Cox method was used to perform 10 rounds of cross-validation, and the best model was obtained. The R package “glmnet” was used to integrate the survival time, survival status, and gene expression, and patients with LUAD were divided into high-risk and low-risk groups accordingly. In addition, the area under the receiver operating characteristics curve was calculated. The relationship between risk scores and clinical characteristics was assessed and validated using the GSE72094 cohort.	Comment by IIAR: In full only please.	Comment by IIAR: On which data? Which patients?

Establishment of a nomogram. The risk model was analyzed based on different clinical characteristics. A nomogram with risk scores and other clinicopathological factors was then constructed. Moreover, the OS at 1, 3, and 5 years of patients with LUAD at 1, 3, and 5 years werewas predicted. Calibration curve analysis and decision curve analysis were performed to verify the clinical reliability of the established nomogram.

Single-cell sequencing. The single-cell dataset GSE117570 of LUAD was downloaded from the GEO database, and two tumor samples and two normal samples were selected. Cell quality control (QC) and), sample normalization and PCA(principal component analysis (PCA) were performed via the R package “Seurat”. Cluster identification, gene marker screening, and cluster renaming were performed with the R package “SCHCL”. DEGs in tumor samples were identified and compared with those of normal samples.

RNA extraction of tissue samples and Real Time Quantitative PCRreal-time quantitative polymerase chain reaction (RT-qPCR). LUAD tumor tissue and normal tissue were collected from 20 patients with LUAD at the Fourth Hospital of Hebei Medical University. Written consent was obtained from each subject, and the study protocol met the standards set out in the Declaration of Helsinki. The research method was also approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University (Ethics number: 2022KY242).	Comment by IIAR: First use, please define in full.
The totalTotal RNA was extracted from the collected specimens with TRIzol (Invitrogen, Carlsbad, CA,  USA) and the RNA was reverse -transcribed to cDNA using a Uni RT&qPCR Kit (Biosharp, Hefei, P.R.C) for RT-qPCR (ABI QuantStudio 3, Waltham, MA, USA). We used glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal reference and calculated the relative gene -expression levels using 2−ΔΔCT then visualized the data using GraphPad Prism 9.0 (GraphPad Software, San Diego, CA, USA). The primers for dickkopf WNT signaling pathway inhibitor 1 (DKK1) were 5’-GACAACTACCAGCCGTACCC-3’ and 5’-TGACAACTACCAGCCGTACC-3’, and for GAPDH were 5’-CACCATCTTCCAGGAGCGAG-3’ and 5’-TGAGAAGGCTGGGGCTCATTT-3’. 	Comment by IIAR: Please provide Supplier, city, state, country	Comment by IIAR: Please provide Supplier, city, country	Comment by IIAR: Please provide Supplier, city, state, country	Comment by IIAR: Please provide Supplier, city, state, country	Comment by IIAR: .	Comment by IIAR: First use, please define in full.

[bookmark: OLE_LINK1]Cell culture and reagents. Human NCI-1299 cell line was purchased from Procell Life Science & Technology Co., Ltd (Wuhan, P.R.C).  NCI-H1299 cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, Carlsbad, CA,  USA) supplemented with 10% fetal bovine serum (FBS). The cells were cultured in a humidified incubator at 37°C with 5% CO2.	Comment by IIAR: Please provide Supplier, city, state, country	Comment by IIAR: Please provide Supplier, city, country	Comment by IIAR: Please provide Supplier, city, state, country

DKK1 knockdown. NCI-H1299 cells were seeded at a density of 3×105 in a 60 mm dish. After 24 hoursh of incubation, the medium was replaced with fresh medium. The NCI-H1299 cells were then transfected with DKK1 short interfering RNAs (siRNAs) or control-siRNA (GenePharma, Suzhou, P.R.C.), using Lipofectamine 2000 transfection reagent (Invitrogen). The sequences of DKK1 siRNAs used were 5'CCTGTCCTGAAAGAAGGTCAA3' (si1) and 5'GCCAGTAATTCTTCTAGGCTT3' (si2) and5'CGGTTCTCAATTCCAACGCTA3' (si3).

Cell counting kit-8 analysis. NCI-H1299 cells transfected or not with DKK1 siRNA were digested after reaching 90% confluency, and the cells were then inoculated into 96-well culture plates at 5,000 cells/well and 5five wells each. Thereafter, the cells were cultured in an  incubator at 37°C  with 5% CO2 and analyzed at 0, 24, 48, and 72 hours h using a CCK-8 cell counting kit (Biosharp, Hefei, P.R.C).	Comment by IIAR: Please provide Supplier, city, country

Wound-healing test. Native cells or cells transfected with DKK1 siRNA were seeded in 6-well plates and cultured for 24 hourh. The surface of the culture was then scraped with a 200 μl pipette tip and then the surface was cleaned with serum-free medium to remove cell debris. The cells were then photographed every 24 hoursh, and regions of migration regions were evaluated using the ImageJ software. (National Institutes of Health, Bethesda, MA, USA).	Comment by IIAR: And cultured for how long first?

Transwell migration assay. DKK1 siRNA-transfected and non-transfected NCI-H1299 cells (4×104) were seeded atin the upper chamber of transwell a Transwell chamber (Corning Inc., Corning, NY, USA) in DMEM without FBS; the lower chamber was filled with DMEM containing 10% FBS. After 24 hoursh of incubation, the cells were fixed for 20 min with 4% paraformaldehyde and stained with 1% crystal violet. The cells were removed from the upper chamber, photographed, and counted using ImageJ software. (National Institutes of Health).	Comment by IIAR: In the upper chamber of what?

Colony-formation assay. DKK1 siRNA-transfected and non-transfected NCI-H1299 cells were seeded in 6-well plates at a density of 500 cells per well and cultured at 37°C for 1 week. The plates were then washed with phosphate-buffered saline and fixed with 4% paraformaldehyde for 30 min. Subsequently, the plates were stained using 0.1% crystal violet, and the colonies were counted using ImageJ software (National Institutes of Health, Bethesda, MA, USA). 

Statistical analysis. All bioinformatics analyses were carried out using R 4.2.1 software. All p-values are two-sided, and the results were considered statistically significant when the p-values were less than 0.05. The differenceDifferences between the groups was analyzed using the Wilcoxon test. Kruskal–Wallis and one-way analysis of variance were used for differential analysis among the three groups[ (13].). Correlation tests were performed using Spearman analyses. Survival curves were drawn using the log-rank and Kaplan–Meier tests. The 95% confidence intervals and hazard ratios were computed using the univariate Cox regression model. Experimental data were analyzed using GraphPad Prism 9.0 (GraphPad, CA, USA Software) for Windows. All cell experiments were repeated three times.	Comment by IIAR: Which 3 groups?	Comment by IIAR: But above you state “All statistical analyses were carried out using R 4.2.1 software”.	Comment by IIAR: Please provide Supplier, city, state, country

Results
Consensus cluster analysis of AAGs. The expression of 36 AAGs in tumor and normal tissues was analyzed using the TCGA database. The protein–protein interaction network of the 36 AAGs wasis shown in figure1A(Figure 1A).. Cytoscape analysis was used to analyze the correlation between the 36 AAGs, Network analysis was performed using Cytoscape's MCOD and cytoHubba plugins to mine the Hub genehub genes in the PPI network and the top 10 genes were identified [(14]) (Figure 1B). 	Comment by IIAR: Between the genes and what?	Comment by IIAR: You should state which these were in full followed by their symbol/abbreviation.
	The subsequent univariate Cox survival analysis revealed nine prognostic AAGs in LUAD samples (Figure 2A), namely POSTN(periostin), STC1( (POSTN), stanniocalcin 1), LPL( (STC1), lipoprotein lipase), CCND2( (LPL), cyclin D2), COL5A2( (CCND2), collagen type V alpha 2 chain), SERPINA5( (COL5A2), serpin family A member 5), JAG1( (SERPINA5), jagged canonical Notch ligand 1), MSX1( (JAG1), msh homeobox 1 (MSX1), and VTN(vitronectin) (VTN), Patients with LUAD were grouped using a consistent clustering approach. Optimal group stability was determined at k=3 (Figure 2B), with 178 patients in cluster C1, 240 patients in C2, and 86 patients in C3. The expression levels of these nine prognostic AAGs in the three clusters were visualized using a heat map, and the expression levels were significantly different (Figure 3A). Finally, we compared the OS offor the three clusters, revealing that those patients in C1 had a better prognosis (Figure 3B). These results suggested that patients with LUAD were successfully classified based onaccording to three AAG-based molecular subtypes with different survival properties.	Comment by IIAR: Define all not yet defined.	Comment by IIAR: This gives a total of 574 not 565…? 	Comment by pc: We corrected the number of the LUAD patients	Comment by IIAR: But we are left with the question does C3 differ from C1, why aren’t the three plots on the same chart?	Comment by pc: We put these plots on the same chart in the revised manuscript	Comment by IIAR: But we are left with the question does C3 differ from C1, why aren’t the three plots on the same chart?	Comment by pc: Following your comments, we put three charts on one

Identification of DEGs and construction of gene clusters. We used immunological methods to study the difference between the three AAG clusters. The ESTIMATE algorithm revealed that stromal and estimate scores of LUAD patients in C1 were significantly higher than that inthose for C2 and C3, while patients in C2 had significantly higher immune scores (Figure 4A). This illustrateds the possibility that differences in the immune microenvironment contribute to the different prognostic outcomes. We investigated the differences in DEGs between the three AAG clusters and the possible signaling mechanisms through functional enrichment analysis. A total of 544 DEGs were detected, of which 262 genes were down-regulated and 230 genes were up-regulated (p<0.01, false-discovery rate<0.01, and log fold change>2) (Figure 4B). 	Comment by IIAR: Higher than which cluster?
The indications in the charts are poor.	Comment by pc: The ESTIMATE algorithm revealed that stromal and estimate scores of LUAD patients in C1 were significantly higher than that in C2 and C3, while patients in C2 had significantly higher immune scores
	KEGG enrichment analysis reported enrichment in the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K-)–AKT serine/threonine kinase 1 (AKT) signaling pathway, extracellular matrix–receptor interaction, focal adhesion, amongst others (Figure 5A). The GO analysis revealed enrichment in the extracellular region, regulation of protein activation cascade, regulation of complement activation and regulation humoral immune response (Figure 5B). 	Comment by IIAR: Not in Materials and Methods  	Comment by pc: We have supplemented it in methods and materials	Comment by IIAR: Not in Materials and Methods  	Comment by IIAR: Not in Materials and Methods 	Comment by pc: We have supplemented it in methods and materials	Comment by pc: 	Comment by pc: 
	In order to further explore the potential biological function of the AAG subtypes in LUAD, the limma R package was used to identify the DEGs among the three clusters (log-rank test, P p<0.001), and 544 genes were obtained. Based on the DEGs, a consensus clustering method was used to separate patients into two clusters. Survival analysis revealed that there were significant differences between the two clusters (Supplementary figure 1A). Univariate Cox regression analysis was performed on these DEGs, and 51 DEGs associated with survival were identified for further analysis (Supplemental Table I). Furthermore, the two DEG clusters exhibited significantly different expression of many AAGs (Supplementary figure 1B). This indicates a close correlation between DEGs and AAGs.	Comment by IIAR: Unclear what you mean by this, please revise. 	Comment by pc: We have made additional corrections to the content of the article.thangks	Comment by IIAR: Unclear what you mean by this, please revise. 	Comment by IIAR: Rename as Table I	Comment by pc: We do it ,thanks 	Comment by IIAR: Rename as Table I

Construction of risk models. To better evaluate the significance of AAGs in patient prognosis, we performed regression analysis by integrating the expression of the 51 survival-related genes identified in univariate analysis, patient survival time, and survival status in the cohort using the LASSO -Cox method. Through the LASSO algorithm, we obtained six genes out of the 51 prognosis-related genes: melanotransferrin（MELTF）, polo like kinase 1 (PLK1), dickkopf WNT signaling pathway inhibitor 1(DKK1), C1q And TNF related 6(C1QTNF6), C-Type lectin domain family 3 member B(CLEC3B) and angiopoietin like 4(ANGPTL4). The lambda value was set toat 0.0616. The risk score of the model was assessed using the following formula: 	Comment by IIAR: Please define in full followed by (abbreviation/symbol).	Comment by pc: We do it all.thanks	Comment by IIAR: Which doesn’t have 60 genes, so how did you get from 60 to only these 6? 	Comment by pc: Through the LASSO algorithm, we obtained 6 genes out of 60 prognostic-related genes to build a prognostic risk model.
Risk score= = 0.0690768269492445× × MELTF+ + 0.060482352567924× × PLK1+ + 0.108526181067019× × DKK1+0.0851847110070291× × C1QTNF6− − 0.0148592654748773× × CLEC3B+ + 0.0288114877124303× × ANGPTL4. 
Finally, the multivariate Cox survival analysis of DKK1, ANGPTL4, and MELTF revealed a significant correlation among these three genes (p<0.05). We analyzed the differences in clinical characteristics between the different risk groups (Figure 6A) and divided patients with LUAD into high-and low-risk groups by the median of the risk score based on their risk patterns. . Patients in the high-risk group had a higher expression of the candidate genes as compared to the low-risk group (Figure 6B). From the constructed model, Inin the TCGA LUAD cohort, the OS of the high-risk group was lower than that of the low-risk group, and the Kaplan-–Meier survival curve showed a significant this difference between the two groups was significant (p<0.001) (Figure 6C). The ROC curve shown that the risk score was effective in predicting 1-, 3-,5year and 5-year OS in LUAD patients with LUAD (Figure 6E). As a validation dataset, GSE72094 gotprovided the same result (Figure 6D and F). These results suggested that the risk model we constructed couldwas able to distinguish the survival risk of LUAD patients with LUAD. 	Comment by IIAR: You have high and low risk, how did you divide them?	Comment by pc: We categorized patients into high and low risk groups using the median of the risk score	Comment by IIAR: You have high and low risk, how did you divide them?
	
Analysis of clinical features and construction of a clinical nomogram. To determine the relationship between the risk model and clinicopathological characteristics, we performed subtype analysis according to age, sex, and tumor stage. The results revealed no significant differences among patients of different age and sex (Figure 4A and C). However, patients with a later tumor stage had a higher risk score (Supplementary figure 2A-DB and D). Considering the complexity of the risk signature formula, we constructed a nomogram to predict the 1-, 3-,- and 5-year OS of patients with LUAD. The risk scores were found to be independent correlates (Figure 7AE). The calibration curve was similar to the predicted curve of LUAD, validating our predicted OS for the diagnosis of LUAD (Figure 7BF). The ROC (Figure 7C) and DCA(decision curve analysis) curve further confirmed that the nomogram had a good predictive ability for the prognosis of LUAD (Supplementary figure 3G-J). 	Comment by IIAR: In full only please.	Comment by pc: We finished it .thanks

Single-cell sequencing. To explore the expression of prognostic genes DKK1, ANGPTL4, and MELTF on the cellular level, we performed single-cell sequencing of GSM3304007 (LUAD), GSM3304008 (Normal), GSM3304009 (LUAD), and GSM3304010 (Normal). Based on cell QC and PCA (principal component analysis)(, we classified the samples into 25 clusters (Supplementary figure 4A) and found doublets among them (Supplementary figure 4B). Twenty-fiveThe 25 clusters were subsequently cell annotated (Figure 8A). We found that the prognostic genes (DKK1, ANGPTL4, and MELTF)  were highly expressed in basal cells, luminal cells, and alveolar cells (Figure 8B), and DKK1 expression was highly significant in basal cells and luminal cells (Supplementary figure 5). These indicateds that prognostic genes most likely regulated prognosis of LUAD via basal and luminal cells.	Comment by IIAR: In full only please.
Also not referred to in the Materials and Methods. 	Comment by pc: We have supplemented the relevant content in the materials and methods.thanks	Comment by IIAR: Which? This seems to include DKK1. 	Comment by IIAR: In full only please.

DKK1 affects the biological behavior of LUAD cells in vitro. We then conducted a series of in vitro experiments to explore the role of DKK1 in LUAD. We determined DKK1 expression in 20 LUAD samples and 20 normal samples, and noted that DKK1 was highly expressed in LUAD (Figure 9A). qRT-PCRRT-qPCR showed that the mRNA expression of DKK1 was significantly reduced in NCI-H1299 cells after DKK1 knockdown (Figure 9B). DKK1 knockdown also significantly inhibited the proliferation of LUAD cells (Figure 9C). Wound-healing experiments similarly demonstrated that DKK1 knockdown significantly inhibited the migration of LUAD cells (Figure 9D). The tTranswell assay revealed that DKK1 knockdown significantly inhibited the invasion ofby LUAD cells (Figure 9E). In addition, DKK1 knockdown significantly reduced clonal formation by LUAD cells. (Figure 10F). In summation, DKK1 knockdown significantly inhibited the proliferation of, migration of, invasion, by and clonal formation ofby LUAD cells.	Comment by IIAR: Materials and Methods states only 10 patients.	Comment by pc: We fixed the bug in the article, thank you very much

Discussion
LUAD is one of the most common cancer types and is regulated by AAGs. AAGs are important pro-angiogenic drivers and regulators of the immune microenvironment [(15], [), (16].). Recurrence and metastasis of LUAD are dependent on angiogenesis [(17].). Additionally, angiogenic factors drive immunosuppression by directly inhibiting antigen-presenting cells and immune effector cells or enhancing the action of regulatory T-cells, myeloid-derived suppressor cells, and tumor-associated macrophages[ (18-21].). Moreover, these suppressive immune cells can also drive angiogenesis, thereby creating a vicious cycle of impaired immune activation [(22]. ). Many studies have analyzed the effect of single AAG expression on lung cancer without defining the subtype or studying AAGs on a cellular level[ (23-26].). The current study analyzed the expression and mutation of AAGs in LUAD. Most AAGs were associated with the prognosis of LUAD, and the screening of DEGs improved the accuracy of the model. The specific locations of prognostic genes were also identified. Subsequently, three subgroups were formed, and the immune microenvironment was analyzed. The TIME has a vital impact on the efficacy of immune cells[ (27]. ). Tumor purity was determined by examining gene expression in tumor tissues and the proportion of stromal and immune cells in the tumor tissue [(28-29].). 	Comment by IIAR: Please add further supporting references to the list and number in correct sequence.	Comment by pc: We have supplemented the corresponding references	Comment by IIAR: Please add further supporting references to the list and number in correct sequence.	Comment by IIAR: But you have no citations.
Please add. 	Comment by pc: We had added citations	Comment by IIAR: But you have no citations.
Please add. 	Comment by IIAR: As above	Comment by pc: We do it 	Comment by IIAR: As above
LUAD is reportedly becoming resistant to chemotherapy, and tumor recurrence occurs more frequently after treatment [(30-35].). AAGs can act as immunomodulators, and the immune system can be involved in carcinogenesis by inducing pathological angiogenesis[ (36-37].). Thus, AAGs in LUAD can potentially affect tumor prognosis, which and can be used to evaluate the treatment response of patients[ (38].). Using machine -learning algorithms, TCGA LUAD patients with LUAD from The Cancer Genome Atlas were divided into high- and low-risk groups. Patients in our high-risk group had worse OS. We gotfound the same results in the GEO validation dataset. Furthermore, we analyzed differences in immune cell infiltration between different risk groups. it was found that the risk score was positively correlated with Macrophagethe presenoe of macrophage cells and negatively correlated with immune killer cells, such as activated natural killer (NK) cells, CD4 T -cells, and CD8 T -cells. These results suggestedshow that the risk model we constructed couldwas able to classify TCGA LUAD patients with LUAD in the TCGA into high- and low-risk groups, with patients in the high-risk group having poorer OS.	Comment by IIAR: Further supporting citations are required. 	Comment by pc: We do it .thanks
Furthermore, to identify the specific expression of prognostic genes, we performed single-cell sequencing on four samples (two LUAD samples and two normal samples) obtained from the GEO database. We first performed QC evaluation and filtered the data to remove low-quality cells, cells contaminated with mitochondria, and cells within droplets. Finally, we performed principal component analysisPCA and t-SNE (t-distributed stochastic neighbor embedding) dimension reduction and divided the samples into 25 cell subpopulations. The cell subpopulations were subsequently annotated with marker genes using the R package "Seurat". Finally, we compared the different expressions of prognostic genes in different subpopulations and found that prognostic genes, especially DKK1, were highly expressed in basal cells and luminal cells. Thereafter, we compared the proportion of different cell subpopulations in LUAD and normal samples and found that basal cells and luminal cells were significantly increased in tumor samples, which led us to conjecture that prognostic genes might affect the prognosis of patients by increasing the number of basal and luminal cells.	Comment by IIAR: ?	Comment by IIAR: But you only show DKK1 and ANGPTL4	Comment by pc: We found that DKK1 was highly expressed in basal cells and luminal cells	Comment by IIAR: But above you state they “were significantly increased in tumor samples“, which is correct? 	Comment by pc: We corrected the errors in the article
DKK1 is widely expressed in many types of tumor cell and encodes a protein from the Dickkopf family that participates in embryonic development by inhibiting the WNT signaling pathway [(39-42].). Hence, Wewe performed in vitro cell experiments. The results which demonstrated that the knockdown of DKK1 inhibited the proliferation, migration, invasion, and clonal formation ofby LUAD cells. This finding was consistent with that of Cui et al. [(43].). This suggesteds that DKK1 wasis a potential prognostic biomarker and therapeutic target for lung adenocarcinoma. Despite our findings, the specific mechanism of DKK1-induced LUAD progression requires further study.
However, the present study had some limitations. Our data were obtained from public databases, and prospective studies of LUAD patients with LUAD in the clinic were only warranted to enhance the reliability of the model. Besides that, the effect of DKK1 on LUAD cells was only briefly investigated in this study. Therefore, future research should focus on the specific mechanisms of action of DKK1 on LUAD cells.

Conclusion
This study utilized molecular typing and risk models to predict the prognosis of LUAD and the efficacy of immunotherapy. Additionally, DKK1 appeared to promote the malignant progression of LUAD. The findings of this study provide a theoretical basis and molecular target for development of individualized LUAD treatment development.
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	HR
	95% CI
	p-Value

	RRM2
	ribonucleotide reductase regulatory subunit M2
	10.38032
	4.35800-24.72485
	<0.00001

	LYPD3
	LY6/PLAUR domain containing 3
	2.11835
	1.47011-3.05244
	0.00006

	ADH1B
	alcohol dehydrogenase 1B 
	4.60781
	2.11081-10.05862
	0.00013

	BUB1
	BUB1 mitotic checkpoint serine/threonine kinase
	0.08991
	0.02609-0.30986
	0.00014

	MELTF
	melanotransferrin
	2.14621
	1.42409-3.23450
	0.00026

	CENPA
	centromere protein A
	0.12243
	0.03912-0.38314
	0.00031

	PLK1
	polo like kinase 1
	4.90747
	2.02216-11.90970
	0.00044

	TMPRSS11E
	transmembrane serine protease 11E
	1.50978
	1.19450-1.90829
	0.00057

	UNC13B
	unc-13 homolog B
	2.92384
	1.57770-5.41853
	0.00065

	KRT17
	keratin 17
	1.42722
	1.15366-1.76566
	0.00105

	CYP4B1
	cytochrome P450 family 4 subfamily B member 1
	0.62075
	0.46378-0.83086
	0.00135

	VIPR1
	vasoactive intestinal peptide receptor 1
	3.27240
	1.56924-6.82408
	0.00157

	CEP55
	centrosomal protein 55
	6.35814
	1.97881-20.42942
	0.00190

	KRT16
	keratin 16
	0.60503
	0.43705-0.83756
	0.00246

	SLC16A3
	solute carrier family 16 member 3
	0.42422
	0.24020-0.74923
	0.00313

	AC092071.1
	AC092071.1
	0.48383
	0.29534-0.79262
	0.00394

	PARM1
	prostate androgen-regulated mucin-like protein 1
	1.76611
	1.18029-2.64269
	0.00567

	BTNL9
	butyrophilin like 9
	3.43059
	1.43122-8.22305
	0.00571

	HMGA1
	high mobility group AT-hook 1
	2.26547
	1.25750-4.08138
	0.00647

	TCN1
	transcobalamin 1
	1.27595
	1.06564-1.52777
	0.00801

	C16orf89
	chromosome 16 open reading frame 89
	1.64301
	1.13794-2.37226
	0.00806

	RHOBTB2
	Rho related BTB domain containing 2
	0.48607
	0.28451-0.83043
	0.00829

	EGLN3
	egl-9 family hypoxia inducible factor 3
	1.48292
	1.10063-1.99798
	0.00959

	SLC34A2
	solute carrier family 34 member 2
	0.63304
	0.44256-0.90551
	0.01230

	DKK1
	dickkopf WNT signaling pathway inhibitor 1
	1.31985
	1.06180-1.64062
	0.01241

	C1QTNF6
	C1q and TNF related 6
	2.12042
	1.14646-3.92180
	0.01659

	DLC1
	DLC1 Rho GTPase activating protein
	2.06971
	1.13894-3.76112
	0.01699

	RPS29P11
	ribosomal protein S29 pseudogene 11
	1.70791
	1.09818-2.65616
	0.01752

	ADGRF4
	adhesion G protein-coupled receptor F4
	0.56053
	0.34192-0.91891
	0.02172

	ADGRD1
	adhesion G protein-coupled receptor D1
	0.47595
	0.24933-0.90854
	0.02440

	GPX8
	glutathione peroxidase 8 
	1.84858
	1.07068-3.19164
	0.02745

	MMP14
	matrix metallopeptidase 14
	0.53573
	0.30397-0.94420
	0.03089

	CLEC3B
	C-type lectin domain family 3 member B
	0.59584
	0.37157-0.95548
	0.03164

	TNS1
	tensin 1
	2.15580
	1.06814-4.35098
	0.03204

	LY6K
	lymphocyte antigen 6 family member K
	1.31453
	1.02210-1.69062
	0.03315

	ANGPTL4
	angiopoietin like 4
	1.34305
	1.02328-1.76273
	0.03351

	FAM189A2
	endosomal transmembrane epsin interactor 1
	0.56475
	0.33283-0.95827
	0.03418

	PFKP
	phosphofructokinase , platelet
	1.52601
	1.02896-2.26317
	0.03556

	KIT
	KIT proto-oncogene, receptor tyrosine kinase
	0.70364
	0.50628-0.97793
	0.03636

	SCGB3A1
	secretoglobin family 3A member 1
	0.84183
	0.71590-0.98992
	0.03729

	IL33
	interleukin 33
	1.55639
	1.02570-2.36164
	0.03760

	GPX3
	glutathione peroxidase 3
	0.67412
	0.46346-0.98055
	0.03914

	HJURP
	Holliday junction recognition protein
	2.42720
	1.04155-5.65628
	0.03995

	BTG2
	BTG anti-proliferation factor 2
	1.53336
	1.01871-2.30802
	0.04048

	GJB2
	gap junction protein beta 2
	0.71650
	0.52067-0.98597
	0.04069

	CA4
	carbonic anhydrase 4
	0.47167
	0.22846-0.97381
	0.04218

	B3GNT8
	UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 8
	1.61512
	1.01576-2.56813
	0.04276

	SFTPB
	surfactant protein B
	0.76014
	0.58207-0.99268
	0.04402

	PEBP4
	phosphatidylethanolamine binding protein 4
	1.39202
	1.00866-1.92108
	0.04417

	GPR87
	G protein-coupled receptor 87
	0.74939
	0.56246-0.99844
	0.04877

	NDNF
	neuron derived neurotrophic factor
	0.74294
	0.55205-0.99983
	0.04987


CI: Confidence interval; HR: hazard ratio.

Figures	Comment by IIAR: There is a general problem in that the figures need substantial magnification (many parts need ×400% or more) and even at that, the resolution is often too low to clearly discern text in particular. The font should be large enough to be easily read and the same size in all parts of the figure. 
Gene symbols/abbreviations should be italicised and given in full in the legend. 
Number at risk tables should be below the survival figure not over the time axis/covering the figure. 
Gender  Sex
Only the first letter of all other general text should be upper case. Parentheses should have a space before them:
HazardRatio(95%CI) should be written 
Hazard ratio (95% CI)

The legends should have a general title then each part should state what it shows. The parts should relate to the same topic/study part. The data source/what is being analysed should be clearly stated, as should the data type (mean? Median?). ALL abbreviations used in the figure are to be defined in the legend. 

These statements apply to all figures. You should ensure the figures agree with what is stated in the text – there are some clashes (text is wrong or figure is in the wrong place). 	Comment by pc: We've reworked the clarity of the images. At the same time, the format of the article was modified. thank you for your advice	Comment by IIAR: The legends have not been improved adequately. 	Comment by pc: We improved the legends
Figure 1	Comment by IIAR: Part A is illegible.
Part B: Gene symbols/abbreviations here (and in all other figures/parts) should be italicised and given in full in the legend. 
p-value  p-Value
p<0.001p<0.001	Comment by pc: we revised the errors.thanks
[image: ][image: ]
Figure 1 Interaction network of 36 angiogenesis-related genes in LUAD. A: STRING network diagram showing the interaction of 36 angiogenesis-related genes in LUAD. B: Key subnetwork and 10 hub angiogenesis-related genes.
Figure 2
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Figure 2 Prognostic-related angiogenesis-related genes and molecular subtypes in LUAD. A: Univariate Cox survival analysis identified 9 prognosis-related angiogenesis-related genes in LUAD. B: Heatmap of clustered  angiogenesis-related genes ssubtypes (k = 3).	Comment by IIAR: Clustered according to what? 	Comment by pc: By Consensus cluster analysis based on 36 AAGs, we divided TCGA LUAD patients into 3 molecular subtypes

Figure 3
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Figure 3 Survival analysis for molecular subtypes. A: Heatmap of expression of 9 prognosis-related angiogenesis-related genes in different molecular clusters (k = 3). B: Kaplan–Meier curves shows the difference in overall survival between different molecular clusters in lung adenocarcinoma(Pp<0.001)).
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[image: ]
Figure 4 Estimate analysis among the 3 AAGs-molecule three angiogenesis-related genes clusters. A: Differences in ESTIMATE scores among different clusters of lung adenocarcinoma. B: Plot ranking differential expression ranking plot of differentially expressioned genes among the 3three clusters.(. Significantly different at: *p<0.05;**,**p<0.01;***p<0.001;****, and ****p<0.0001	Comment by IIAR: Please define	Comment by IIAR: Please define
   Figure 5
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Figure 5 Functional enrichment analysis of differentially expressed genes between different clusters. A: Kyoto Encyclopedia of DEGs.(Genes and Genomes enrichment analysis of differentially expressed genes. B) : Gene Ontology (GO) enrichment analysis of differentially expressed genes.(.
   Figure 6
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   Figure 6 Construction of risk model (. A): Sankey diagram of clinical characteristics in different risk groups based on the cancer genome atlas lung adenocarcinoma cohort.(. B): Survival status was inversely associated with the risk score, and patients in the high-risk group and low-risk group tended to express different candidate genes.(. C): Patients with high-risk scores had worse OS.(overall survival (p<0.001).(). D): Kaplan–Meier  curves for the GSE72094.( cohort from the Gene Expression Omnibus database according to risk group (p<0.001).(). E)ROC: Receiver operating characteristics curve offor the risk model(AUC,1-year=0.743;3-year=0.735;5-year =0.719).(. F)ROC: Receiver operating characteristics curve offor the GSE72094(AUC,1-year=0.721;3-year=0.710;5-year =0.678). cohort.	Comment by IIAR: Using which data?
  


















Figure 7
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Figure 7 Establishment of a nomogram (A-D). A: Nomogram for predicting the 1-, 3-, and 5-year overall survival (OS) of LUAD patients.(F) with lung adenocarcinoma. B: Calibration curves of thefor 1-, 3-,- and 5-year OS.(G) ROC. C: Receiver operating characteristics curve offor the  nomogram(AUC,1-year=0.77;2-year=0.78;3-year =0.79).(H-J)The.
Figure 8
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Figure 8 Single-cell sequencing analysis of lung adenocarcinoma and normal tissue. A: Cellular annotation of samples. B: angiogenesis-related genes were significantly overrepresented in Basal cells and Luminal cells.	Comment by IIAR: In full only please.
Figure 9 
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Figure 10 Verification of DKK1 function in lung adenocarcinoma(.	Comment by IIAR: Please define.	Comment by IIAR: In full only please.
 A): Expression of DKK1 mRNA in LUAD and normal tissue of our samples. (. B): Reverse transcription-polymerase chain reaction verification of the knockdown efficiency of DKK1 in NCI-H1299 cells. (C): Cell Counting Kit-8 assay to analyze the effect of knocking down DKK1 knockdown on cell proliferation. (D): Analysis of the effect of knocking down DKK1 knockdown on cell wound-healing ability by cell scratch test. (E): Transwell assay to analyze the effect of knocking down DKK1 knockdown on cell migration (. F): Effect of knockdown DKK1 knockdown on cell clonal formation capacity (*. Significantly different at *p<0.05;, **p<0.01;, ***p<0.001).	Comment by IIAR: So not in a cell line. Which patients/from where?	Comment by IIAR: In full only please.	Comment by IIAR: In full only please.





Supplementary figure 1
[image: ]
Supplementary figure 1 Retyping based on differentially expressed genes. A: Survival according to differentially expressed genes cluster. Patients in the two DEG clusters had significantly different survival differences.((p=0.011). B: Differences in the expression of angiogenesis-related genes among the 2 DEGstwo differentially expressed genes clusters.(*. Significantly different at *p<0.05) . 
Supplementary figure 2
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Supplementary figure 2 Correlation of risk score with clinical features. A: Differences in risk scores between ages. B: Differences in risk scores between sex. C: Differences in risk scores between tumor stages. D: Differences in risk scores between stages. Significantly different at: *p<0.05;**,**p<0.01;***p<0.001;****, and ****p<0.0001). (E).
Supplementary figure 3
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Supplementary figure 3 Decision curve analysis offor the nomograms compared for 1−,-, 3−,-, and 5−-year overall survival. Blue line represents all positive. Yellow line represents all negative.	Comment by IIAR: In full only please.	Comment by IIAR: What is the blue line? 
Supplementary figure 4
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Supplementary figure 4 Clustering single-cell sequencing data of lung adenocarcinoma and normal tissue. A: Samples were clustered to 25 groups. B: Doublet versus singlet in samples.(.




















Supplementary figure 5
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Supplementary figure 5 The predicted genes were significantly overrepresented in Basal cells and Luminal cells

Supplemental Table I ：51 differentially expression genes associated with survival 	Comment by IIAR: In full only please.
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