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Background

Lung ground-glass opacities (GGOs) are an early manifestation of lung adenocarcinoma. It is of great value to study the changes in the immune microenvironment of GGO to elucidate the occurrence and evolution of early lung adenocarcinoma. Although the changes of IL-6 and NK cells in lung adenocarcinoma have caught global attention, we have little appreciation for how IL-6 and NK cells in the lung GGO affect the progression of early lung adenocarcinoma.



Methods

We analyzed the RNA sequencing data of surgical specimens from 21 patients with GGO-featured primary lung adenocarcinoma and verified the changes in the expression of IL-6 and other important immune molecules in the TCGA and GEO databases. Next, we used flow cytometry to detect the protein expression levels of important Th1/Th2 cytokines in GGO and normal lung tissues and the changes in the composition ratio of tumor infiltrating lymphocytes (TILs). Then, we analyzed the effect of IL-6 on NK cells through organoid culture and immunofluorescence. Finally, we explored the changes of related molecules and pathway might be involved.



Results

IL-6 may play an important role in the tumor microenvironment of early lung adenocarcinoma. Further research confirmed that the decrease of IL-6 in GGO tissue is consistent with the changes in NK cells, and there seems to be a correlation between these two phenomena.



Conclusion

The IL-6 expression status and NK cell levels of early lung adenocarcinoma as GGO are significantly reduced, and the stimulation of IL-6 can up-regulate or activate NK cells in GGO, providing new insights into the diagnosis and pathogenesis of early lung cancer.
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Introduction

Lung cancer is the leading cause of cancer-related mortality worldwide, killing an estimated 1.6 million people each year, with 5-year overall survival rates ranging from 85% in stage IA to 6% in stage IV (1). Thanks to high-resolution computed tomography (HRCT), the diagnosis of ground-glass opacity or ground-glass nodules (GGO or GGN) found in the surrounding lung field is increasing (2, 3). GGO is defined radiologically as a focal lesion that visually preserves lung parenchyma, airways, and blood vessels in it (4). GGO can be regarded as the symbol of both benign or malignant lesions, and its occurrence and growth are involved in various molecular changes (5). Many of these GGOs are associated with early lung adenocarcinoma (LUAD) which is the dominant histologic subtype in lung cancer (2). A consensus on the importance of preoperative characterization of lesions has been reached. The molecular and cellular changes in GGO may provide new insights into the pathogenesis of early lung adenocarcinoma.

Abnormality in the immune microenvironment is one of the most important characteristics of cancer initiation and progression. For example, the expression of the Programmed Death-Ligand 1 (PD-L1) stimulated by the PD-1/PD-L1 axis is a major immunosuppressive mechanism in non-small cell lung cancer (NSCLC) (6, 7). Some tumor-infiltrating lymphocytes (TILs) also are closely tied with cytokines in the tumor microenvironment (8). Many preclinical and clinical studies have shown that tumor-infiltrating lymphocytes (TILs) such as CD3+ cells, CD8+ cells, or CD45RO+ cells have the potential to be used as prognostic markers (9). Besides, in addition to immune cells, cytokines such as interleukins (IL)-4 and IL-6 also play a prominent role in the process of tumor immunity (8, 10). According to the theory of the cancer-immunity cycle, multistep processes along with various molecules and immune cells are involved in lung cancer such as the release of inflammatory cytokines, the recruitment of immune cells, the recognition of immune cells with tumor cells, and so on (11, 12). It will be more accurate and reliable to consider more steps in this cycle, that is, find more valuable biomarkers and further analyze their impact on pathological types and disease prognosis.



Materials and Methods


Acquisition of Clinical Samples

All specimens were collected from the specimen bank of our center (Department of Thoracic Surgery, Second Xiangya Hospital, Central South University) by members of this project.

The specimens collected met the following conditions: (1) The GGO tissue and paired normal lung tissue were surgically resected and got reserved in liquid nitrogen or got intervention immediately. The GGO tissue was collected from the middle of the primary lesion, and each pair of normal lung tissue and lung cancer tissue were from the same patient; (2) The diameter of each sample was more than 5 mm and less than 2 cm. The volume of each sample was less than 1/2 of the volume of the primary lesion; (3) All the collected specimens were confirmed as lung adenocarcinoma (LUAD) by the Department of Pathology; (4) The patients had not received any form of radiotherapy, chemotherapy, targeted drug therapy, immune drug therapy, and other tumor therapies before the operation; (5) The patients had no special systemic diseases or other diseases that affected the experimental results; (6) Specimens were obtained with the informed consent of the patients and the approval of the ethics committee.

At the same time, we collected some clinical characteristics of the GGO patients in the cohort, including age, gender, smoking history, differentiation, TNM stage, the expression of PD-L1.



Study Cohort and RNA-seq

Totally, 73 primary lung GGO patients intended for surgical removal at the Thoracic Surgery Department of the Second Xiangya Hospital were involved in our study between February 2020 and August 2021. Because that the GGO size limited repeated usage of a lot of specimens, we finally utilized 21 pairs of tissues for RNA-seq, 26 for flow cytometry (in which a representational one for immunohistochemical staining), 1 for organoid culture, and 25 for qPCR. All the GGO samples were demonstrated to be early lung adenocarcinoma (mostly IA stage) pathologically. A panel of RNA sequencing (RNA-seq) was performed by BGI Gene Biological Company (Wuhan, China, http://www.genomics.cn/) with 21 pairs of surgical GGO specimens and normal lung tissues. All patients allowed specimen collection, clinical data provision, and biomarker analysis by written informed consent prior to enrolling in the study. We completed the study according to the Declaration of Helsinki with a protocol approved by the Ethics Committee of the Second Xiangya Hospital, Central South University, Changsha (Project identification code: 2020S609).



Flow Cytometry

Flow cytometry was performed as per manufacturer’s protocol asked. BD Multitest CD3/CD8/CD45/CD4 reagent and BD Multitest CD3/CD16+CD56/CD45/CD19 reagent (BD Bioscience, CA, USA) were used to measure the lymphocyte percentage. Human Th1/Th2/Th17 Phenotyping Kit (Cell-Genebio, China) was used for the determination of IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ, and IL-17a. All tests were performed on FACSCalibur (BD Biosciences, USA) instruments. The software FlowJo (LLC, version 10.6.0) was used for the data analysis.



Data From TCGA, GEO, and Other Literature

To verify the flow cytometry results of IL-6 in lung adenocarcinoma, common shared RNA-seq data of LUAD were selected from the TCGA (The Cancer Genome Atlas) database (https://portal.gdc.cancer.gov/). The data were gotten from 59 normal cases and 535 tumors. GSE40419 RNA-seq dataset was selected from GEO (Gene Expression Omnibus) database, among which 77 normal samples and 87 LUAD tumor samples were selected, and FPKM (Fragments Per Kilobase per Million) was used to demonstrate the expression. To reinforce the generality of the results in GGO, we cited shared data in a study of lung GGO from Lee H et al. (13). In this study, researchers did a RNA-seq between 9 pairs of normal lung tissue and GGO tissue, and the pathological results of all the 9 GGO tissues are lung adenocarcinoma.



Multiple Staining Immunohistochemical

Immunohistochemical staining was performed on 10% formalin-fixed and paraffin-embedded tissues. Antibodies of CD16 (Anti-CD16: Abcam, ab246222, at a dilution of 1:100), CD56 (Anti-NCAM1: Abcam, ab75813, at a dilution of 1:100), IL-6 (Anti-IL6: Bioworld, MB9296, at a dilution of 1:50), and PD-1 (Anti-PD-1: Abcam, ab137132, at a dilution of 1:250) were used. By the way, in the stained sections PD-1 was negative, we predicted that there is not any PD-1 expression in the selected samples, so it was not reflected in the text. The mean gray value method was used for the quantification of immunohistochemistry and immunofluorescence by ImageJ (NIH 64-bit Java 1.8.0).



Organoid Culture and Immunofluorescence

After surgical removal of fresh GGO tissue and normal lung tissue, each tissue block is clipped into about 200mg. The specific steps of organoid culture were shown in Figure S1, where IL-6 was applied by PEPROTECH (Recombinant Human IL-6, Catalog:200-06, USA, at the concentration of 2ng/ml). The culture scaffolds (Millipore, PIHP01250, USA) were used as containers. Small molecules added in culture: EGF, FGF-10, FGF-basic and HGF (PEPROTECH, USA), N2, B27 (ThemerFisher, USA). Tissues were collected for immunofluorescence followed by the standard protocol. Two antibodies CD16 (Proteintech, 16559-1-AP, China, at the dilution of 1:100), and CD56 (Proteintech, 14255-1-AP, China, at the dilution of 1:3000) were used. The administration of IL-6 and controlled PBS for three groups is with 0h/24h/48h duration.



RNA Isolation and Quantitative Real‐Time PCR

Total cellular RNA was isolated from tissue samples by Trizol reagent (Invitrogen) and reversely transcribed into cDNA using the SuperScript First Strand cDNA system (Invitrogen) according to the manufacturer’s protocol. The qPCR amplifications were performed in an Applied Biosystems Stepone Plus System (Applied Biosystems, Foster, CA) using an SYBR Green PCR Master Mix (Roche, Indianapolis, IN). Primer sequences used for performing qRT-PCR are as follows:

IL-6 forward, 5′-CACTGGTCTTTTGGAGTTTGAG-3′;

IL-6 reverse, 5′-GGACTTTTGTACTCATCTGCAC-3′;

CD16 forward, 5′-GGTGACTTGTCCACTCCAGTGT-3′;

CD16 reverse, 5′-ACCATTGAGGCTCCAGGAACAC-3′;

CD56 forward, 5′-CATCACCTGGAGGACTTCTACC-3′;

CD56 reverse, 5′-CAGTGTACTGGATGCTCTTCAGG-3′;

PD-1 forward, 5′-AAGGCGCAGATCAAAGAGAGCC-3′;

PD-1 reverse, 5′-CAACCACCAGGGTTTGGAACTG-3′;

PD-L1 forward, 5′-CGTTGTGCTTGAACCCTTGA-3′;

PD-L1 reverse, 5′-ACACAAGGAGCTCTGTTGGA-3′;

JAK1 forward, 5′-GAGACAGGTCTCCCACAAACAC-3′;

JAK1 reverse, 5′-GTGGTAAGGACATCGCTTTTCCG-3′;

STAT3 forward, 5′-CTTTGAGACCGAGGTGTATCACC-3′;

STAT3 reverse, 5′-GGTCAGCATGTTGTACCACAGG-3′;

β-actin forward, 5′-AAAGACCTGTACGCCAACAC-3′;

β-actin reverse, 5′-GTCATACTCCTGCTTGCTGAT-3′.

Results are expressed as mean ± SD of three independent experiments.



Statistical Analysis

All data were analyzed by SPSS 22.0 software (SPSS, Chicago, IL) and plotted by GraphPad Prism 8.0 software (GraphPad Software, La Jolla, CA). Paired T-test was performed to obtain p values between two groups when complete one-to-one correspondence, otherwise the unpaired t-test was used. A p > 0.05 was considered statistically nonsignificant (ns), while the statistical difference levels were set at *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.




Results


Genes in Immune Regulation Behaved Abnormally in Lung GGO Tissues

After screening the results of RNA-seq, 1654 differentially expressed genes between normal and GGO tissues were obtained (|FC|≥2, p < 0.05), of which 572 were up-regulated in GGO and other 1082 were down-regulated (Figure 1A, B). It was illustrated that most of the down-regulated genes involved in immune regulation varied greatly, whereas the interleukin 6 (IL-6), CXCL13, MMP9, and some other genes seem to take crucial roles in related gene pathway models (Figure 1C, D). However, previous studies have shown that blocked IL-6 can inhibit the progression of some lung cancers (14), which is obviously inconsistent with our conclusion. Thus, we tried to take further study to explore this contradiction.




Figure 1 | An RNA sequencing (RNA-seq) analysis with 21 pairs of surgical GGO specimens and normal lung tissues from primary lung GGO patients. (A, B). Process of obtaining the up-regulated and down-regulated genes after RNA-seq in GGO (|Fold Change|≥2, p<0.05). (C, D). Clustering of differentially expressed genes and the related hub genes in different pathways. Square nodes represent different pathways and round nodes represent hub genes; the size of the circle represents the number of nodes involved in hub genes.





The Lower Expression of IL-6 In Lung GGO Tissues

We selected 21 pairs of fresh normal lung tissue and lung GGO tissue samples, extracted their proteins in vitro, and detected the content of IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ, and IL-17a by cytometric bead array (CBA) microsphere method of flow cytometry (Figure 2A and Supplementary Table S1). The results showed that the expression of IL-6 in normal tissues was significantly higher than that in GGO tissues (P = 1.2e-2). Then we tried to discuss whether several important clinical characteristics affect the decrease of IL-6 in GGO patients. The result shows that age (P=0.897), gender (P=0.609), smoking history (P=0.993), differentiation (P=0.476), T stage (P=0.691) and PD-L1 (P=428) do not influence the downregulation of IL-6 (Table 1). To explore whether the changing trend of IL-6 level in lung adenocarcinoma from public databases is the same as our experimental result, we queried the mRNA expression of IL-6 in The Cancer Genome Atlas (TCGA) database and Gene Expression Omnibus (GEO, GSE40419)dataset—whose samples are also tissues rather than serum—and found a consistent result that the IL-6 is down-expressed in lung adenocarcinoma, where P value equals to 7.21e-26 and 4.29e-07, respectively (Figure 2B and Supplementary Table S2). Then we explored the shared transcriptome sequencing results from Lee H et al. In this cohort which included 9 normal tissues and 9 GGO tissues, the expression of IL-6 seems decreased in GGO as we predicted (Supplementary Figure S2).




Figure 2 | The decrease of IL-6 in lung adenocarcinoma with GGO. (A) The flow cytometry result of several cytokines. The heatmap shows the expression status of 7 cytokines in 21 GGO patients (upper), while the scatter plot shows the expression of IL-6 (lower). (B) The mRNA level of IL-6 in TCGA (left, 59 normal and 535 cancer) and GEO (GSE40419) database (right, 77 normal and 87 cancer). Each dot represents an individual patient. Results are expressed as mean ± SEM. **P < 0.01; ****P < 0.0001. N, normal; C, cancer..




Table 1 | The fold change (FC) of IL-6 expression level with main characteristic of the patients in the flow cytometry.





The Amount of NK Cells Is Down-Regulated in Lung GGO Tissues

To simultaneously explore the changes of immune cells in the GGO tumor microenvironment, we got single-cell suspensions from 23 GGO tissues and the paired normal tissues, then applied cell differentiation by flow cytometry (Figure 3A, B and Supplementary Table S3). The 6th patient had 3 GGO tissues, and 16 of the other patients got overlapped in the cytokines test. We examined the percentages of T cell (CD45+CD3+), CD4+ T cell (CD45+CD3+CD4+), CD8+ T cell (CD45+CD3+CD8+), B cell (CD45+CD3-CD19+ CD16/CD56-), and natural killer (NK) cell (CD45+CD3-CD19-CD16/CD56+) in the total cell count, where the proportion of NK cells in normal lung tissues was statistically higher than that of GGO tissues (P = 9.2e-6), whereas the proportion of T cells (P = 7.4e-4), CD4 cells (P = 2.3e-4), and B cells (P = 6.5e-3) were all increased in GGO tissues. We also explore whether some clinical characteristics could affect the decrease of NK cells in GGO patients. The result shows that age (P=0.347), gender (P=0.263), smoking history (P=0.689), differentiation (P=0.528), T stage (P=0.636) and PD-L1 (P=267) do not influence the change of NK cells in GGO tissues (Table 2).The multiple staining immunohistochemical experiment and its quantified results also verified the differential expressions of IL-6, CD16, and CD56 between normal and GGO tissues (Figure 3C and Supplementary Figure S3), These results further indicated the decreases in IL-6 and some important NK cell markers at the protein level in GGO.




Figure 3 | The decrease of NK cells in lung adenocarcinoma with GGO. (A) The flow cytometry result of immune cells. The heatmap shows the expression status of 5 kinds of cells in 21 GGO patients (upper), and the scatter plot shows the expression of NK cells (lower). (B) The expression of NK cells (CD16/CD56+) on total CD45+CD3- cells within the lymphocyte gate from one representative patient with paired normal (left, 10N) and GGO (right, 10C) tissues. In the paired samples selected, NK cells in normal lung tissues made up about 90.7% of all non-T lymphocytes, while the content in GGO tissues was 19.4% around. (C) The multiple staining immunohistochemical results of IL-6 (in brown) and CD16 (in purple) in normal lung tissue or GGO lung tissue. Each dot represents an individual patient. Results are expressed as mean ± SEM. ****P<0.0001. N, normal; C, cancer. Scale bar, 50 µm.




Table 2 | The fold change (FC) of NK cell expression level with main characteristic of the GGOs in the flow cytometry.





The Effect of IL-6 on NK Cells

It has been preliminary elucidated that IL-6 secreted by tumor cells could restrict the activity and function of NK cells through the JAK1 pathway (15). However, the inconsistent changes in PD-1 and STAT3 are intriguing and seem to be incompatible with the classical IL-6 pathway, which requires further research. The dysfunction of NK cells favors tumor immune-evasion, so a comprehensive understanding and restoration of their functions mechanically will aid the treatment of lung cancer (16). Consequently, we analyzed the effect of IL-6 on NK cells preliminary by organoid tissue culture with normal lung tissue and lung GGO tissue from the same characteristic patient in vitro. Compared to the control group (treated with PBS), the markers of NK cells—CD16 and CD56—were up-regulated in the IL-6-treated group (Figures 5A, B). By quantifying the results of immunofluorescence (calculated by the mean gray values of different fluorescence channels), we found that there were consistent changes in normal lung organoid tissue, but the effect of IL-6 in increasing NK cells was more obvious in GGO organoid tissue (Figures 4A, B). Besides, considering the importance of NK cells for checkpoint immunotherapy (17), we analyzed gene expression data and overall survival information from TCGA, finding that the lower expression of NCAM1 (CD56), NKG2D, and NCR3 (three important markers of NK cells) indicated a poor prognosis of the lung adenocarcinoma (P < 0.05, Figure S4). This laterally reflects the effect of decreased NK cells on tumor progression.




Figure 5 | The expression of some related molecules in lung GGO tissues. (A) Relative expression of seven genes in 25 paired normal and cancer tissues by qPCR. (B) The expression of seven genes reflected by RNA-seq data come from 21 GGO patients. Each dot represents an individual patient. Results are expressed as mean ± SEM. *P < 0.05; **P < 0.01. N, normal; C, cancer.






Figure 4 | The correlation between the expression of IL-6 and NK cells in lung adenocarcinoma with GGO. Images (upper) and the mean gray value (lower) show the immunofluorescence results in GGO tissues (A) and their paired normal tissues (B) after IL-6/PBS treatment.





IL-6/JAK/STAT3 Pathways Function in Lung GGO Tissues

To further reveal whether these involved mechanisms mentioned before also are related to IL-6 and NK cells in early lung adenocarcinoma with GGO or not, we then compared the expression of seven genes (IL-6, CD16, CD56, PD-1, PD-L1, JAK1, and STAT3) with 25 pairs of early lung adenocarcinoma samples by quantitative real-time PCR (qPCR) (Figure 5A and Supplementary Table S4) and analyzed their expression data in RNA-seq (Figure 5B and Supplementary Table S5). Even though the relative expression of CD56 by qPCR did not have significant difference (P=2.73e-1 in qPCR, and P=1.66e-1 in RNA-seq), the expression of CD16 (P=1.74e-3 in qPCR, and P=1.42e-3 in RNA-seq) and IL-6 (P=1.37e-02 in RNA-seq, although P=5.28e-2 in qPCR) showed the consistent results by qPCR and RNA-seq both. We also found that PD-L1 (P=7.20e-4 in qPCR, although P=1.66e-1 in RNA-seq) and JAK1 (P=4.74e-2 in RNA-seq, although P=4.73e-1 in qPCR) seems to be down-regulated in GGO, while PD-1 (P=8.70e-3 in RNA-seq, although P=2.53e-1 in qPCR) and STAT3 (P=1.76e-2 in RNA-seq, although P=4.73e-1 in qPCR) seems to be over-regulated in GGO.




Discussion

Through the whole research process, we mainly drew two main conclusions: First, in the microenvironment of lung adenocarcinoma tissue with early lesions of GGO, IL-6 and NK cells showed a consistent decrease; Second, the decrease of NK cells is correlated with IL-6, and the proliferation or activation of NK cells can be stimulated by increasing IL-6 in the GGO tumor microenvironment. However, the specific mechanism of the increase of NK cells caused by IL-6 still needs to be further studied.

Interleukin-6 (IL-6) has been shown its significant characteristics in the pathological processes of inflammation, autoimmunity, and a series of cancers since its identification in the 1980s (18, 19). As a typical cytokine member of the IL-6 family, it was originally taken as B-cell stimulating factor-2 (BSF-2) which functions in immunoglobulin production (20). IL-6 binds to responding cells and takes various biological roles on them by working with transmembrane IL-6 receptors, as well as some soluble IL-6 receptors. It was widely accepted that IL-6 mainly exerted its effect through activating Janus kinase (JAK) family tyrosine kinases with the help of gp130, further causing the activation of regulatory factors such as signal transducer and activator of transcription (STAT) family transcription factors (mainly STAT3) and Src homology region 2 domain-containing phosphatase 2 (SHP-2) (21, 22). In previous studies, IL6 was generally considered as an important cancer-promoting molecule. To be more specific, IL-6 has been demonstrated to be responsible for VEGF-dependent angiogenesis in cervical cancer (23); IL-6–activated STAT3 helps cell survival and promotes cell proliferation during colitis-induced tumorigenesis of gastrointestinal cancer (24); IL-6-induced epithelial-mesenchymal transition (EMT) is critical for the metastasis of breast cancer (25) and head and neck cancers (26). As for lung cancer, IL-6 was thought to promote cancer malignancy with the functions in migratory, chemotactic, and angiogenetic properties of cancer cells by USP24 (27); microRNA-218, a down-regulated miRNA that targets the IL-6/STAT3 pathway, was illustrated to suppress lung cancer (28); meanwhile, IL-6 blockade could reduce tumorigenesis in a kind of LUAD mouse model (29). A prospective study conducted by Barrera et al. demonstrated that there are higher levels of IL-6 in the plasma of patients with non-small-cell lung cancer (NSCLC) comparing to controls (p = 0.001) (30), while a retrospective analysis by Ryan et al. also showed IL-6 has a significant association with worse survival (hazard ratio, 1.33; 95% confidence interval, 1.08-1.64; p = 0.007) with hundreds of European American lung cancer patients (31). The information above all emphasized the positive relationship between IL-6 expression and cancer development. However, as we confirmed repeatedly, IL-6 was decreased in lung adenocarcinoma with GGO. So, there seems to be a contradiction in the early tumor microenvironment regarding the change of IL-6 level. We speculate that there is a different immune response in early lung GGO tissues than in solid tumors. It was reported that in the early stages of tumor growth, immune suppression decreases immune surveillance (32). It has also been shown that some tumor suppressor cells appear in the tumor microenvironment in the early stage of tumor development (33). Obeid E et al. found that a kind of important TILs—TAMs—initially infiltrated at the tumorigenesis site as a tumor-inhibitory phenotype (M1), and then transformed into tumor-promoting macrophages (M2) in the tumor microenvironment (34). These results indicated that the content of some immune components differed in different stages of the tumor.

Natural killer (NK) cells belong to the innate lymphoid cell (ILC) family that was initially described in 1973 (35, 36). They are of lymphoid origin and recognize MHC Class I (MHC-I) molecules by their cell surface inhibitory receptors (37). According to the expression of two markers (CD56 and CD16), NK cells are classified into two main subsets: CD56dim CD16+ NK cells and CD56bright CD16− NK cells. The former subset is a mature cytotoxic group that accounts for the majority of circulating NK cells, while the latter subset is less mature, less cytotoxic, primarily immunomodulatory, and mostly be found in secondary lymphoid organs (38). It was well demonstrated that NK cells function in tumor immunosurveillance as they can kill cancer cells without prior sensitization (39–41). As a kind of important tumor-infiltrating lymphocytes (TILs), low-expressed NK cells are discovered on multiple cancers, which are linked with a poor prognosis of patients, too (42, 43). A single cell sequencing study of lung GGO and solid nodules concluded that NK cell cytotoxicity was lower in solid nodules, which showed that the function of the NK cell decreased during the progression of lung adenocarcinoma (44). Mechanism researches also indicate the functional improvement of NK cells may induce tumor regression (36, 45). A study on NSCLC showed there are fewer NK cells in cancer tissues than in normal lung tissues followed by obviously reduced cytolytic potential, which mostly be caused by the decrease of CD56dim CD16+ NK cells (46). Another study also reported that NK cells principally infiltrate the tumor stroma of lung cancer, and low levels of NK cells are associated with a bigger primary cancer size, history of tobacco smoking, and poorer prognosis (47). Specifically, we noticed that natural killer (NK) cells have the potential to be key lymphocytes involved in the early stage of lung adenocarcinoma with GGO. The expression level of CD16 and CD56 tested by qPCR and RNA-seq also suggested that the number of NK cells mostly changed in the CD56dim CD16+ subset. By the way, the decrease of NK cells could indicate a poorer overall survival status of LUAD patients, which further highlights its clinical significance.

By searching the literature, we found that IL-6 can affect the binding of PD-L1 and PD-1 on immune cells through the IL-6/JAK1/STAT3 pathway and mediate the immune escape of tumor cells, where IL-6 up-regulates PD-L1 by the glycosylation of PD-L1 (48). And in castration-resistant prostate cancer cells (CRPC), IL-6 knockdown would lead to the low expression of related proteins in the JAK/STAT3 pathway, which could down-regulate PD-L1 in CRPC cells and reduce its binding to PD-1 on the surface of NK cells, thus affecting the content of NK cells in the tumor microenvironment (49). It was also reported that JAK1 induces glycosylation of PD-L1 by phosphorylating PD-L1 protein-related sites (Y112), thereby promoting the stability of PD-L1, while IL-6 up-regulates PD-L1 by regulating the glycosylation of PD-L1. Therefore, IL-6 can affect the stability of PD-L1 and its binding to PD-1 on immune cells through the IL-6/JAK1/STAT3 pathway, thereby mediating the immune escape of tumor cells (48).

Through organoid culture, we concluded that exogenous addition of IL-6 to lung GGO tissues could stimulate the high expression of markers (CD16 and CD56) on the surface of NK cells. However, we have not determined whether IL-6 affects the content of NK cells or just activates the cytotoxic NK cells. IL-6 has been proved to directly improve the proliferation, cytotoxicity, and other important functions of NK cells (50). Research has shown that IL-6, which is abundant in the serum of patients got some infectious diseases, may downregulate NKG2D on NK cells, leading to impaired NK activity (51–53). However, it has also been demonstrated that down-regulation of IL-6 may also block IL-6-mediated NK cell activation through the effect of IL-2 or KIR2DL1 (54–56). The combined action of cytokine IL-6 and PGL-2 can reduce the immune factor IL-2 produced by Th1 cells and affect the activation of NK cells (57). These studies indicate that IL-6 may affect the content and function of NK cells through a variety of pathways, but its role in GGO still needs further experimental verification.

In this study, we briefly explored a possibly related pathway as well as several molecules we were interested in. Results illustrated that STAT3 may be influenced during the tumorigenesis process of lung GGO as it is expressed higher in the tumor tissues than in normal lung tissues, while the trend of JAK1 seems to be consistent with that of IL-6. Therefore, the hyperactivation of STAT3 maybe not according to the well-known IL-6/JAK/STAT3 pathway (45). The STAT3 activation and signaling work through a variety of mechanisms not only related to IL-6, as SRC and some autocrine stimulation of growth factor receptors like EGFR can also lead to its induction (45). Besides, increased PD-1 and decreased PD-L1 seem to occur in the GGO tissues of lung adenocarcinoma, suggesting a probable molecular link with other changes in the immune microenvironment. The effect of IL-6 on NK cells also illustrated that there should be some underlying signaling pathway about IL-6 and NK cells in GGOs.

In summary, our study finds a significant decrease in IL-6 expression of early lung adenocarcinoma with GGO, along with the level of NK cells. It is a novel perspective that the stimulation of IL-6 can up-regulate NK cells in GGO. However, there are still some important points in the study that need to be further explored experimentally. First, why does IL-6 decrease occur in early lung adenocarcinoma manifested as GGO? We assume that it may be related to the overall low inflammatory response changes in the exceedingly early tumor microenvironment. Second, whether IL-6 affects NK cells by changing the number of NK cells in TME or by modulating the function of their surface receptors? Which may be verified by regulating the function of surface receptors.

The roles of IL-6 and NK cells in the production and development of GGO provide new insights into the early diagnosis and pathogenesis of lung adenocarcinoma. We believe further research could provide potential diagnostic biomarkers or available therapy targets for lung GGO and even take advanced benefits for studies about specific immune mechanisms in early lung adenocarcinoma.



Data Availability Statement

The original contributions presented in the study are publicly available. This data can be found here: https://github.com/xxeyywx/RNA-seq-GGO.git. Publicly available datasets were analyzed in this study. This data can be found in Supplementary Material.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the Second Xiangya Hospital, Central South University, Changsha. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author Contributions

All authors contributed to the article and approved the submitted version. YT and XW conceived and designed the work. MW helped to conduct the flow cytometry. Material preparation, experiment, data collection, and analysis were performed by PZ and BH. PZ and BH contributed equally. The first draft of the manuscript was written by PZ and BH. QC, XP, ZZ, and WP provide important support for the modification and polishing of the article. Tissue sample acquisition was performed by GT, BH, and PZ. The RNA-seq data results were aided by FY. All authors commented on previous versions of the manuscript and all authors read and approved the final manuscript.



Funding

This work was supported by the National Undergraduate Innovation Training Program of China (20190034020003 and 20200034020026, BH), the Fundamental Research Funds for the Central Universities of Central South University (2021zzts0383, BH), Hunan Provincial Science and Technology Innovation Plan Project (2020SK53424, XW) and Natural Science Foundation of Hunan Province (2021JJ30957, XW).



Acknowledgments

Thanks to Dr. Xiaoling Zhu in the Department of Clinical Laboratory and Dr. Qingchun Liang in the Department of Pathology of the Second Xiangya Hospital of Central South University for their guidance on flow cytometry and immunohistochemistry. Thanks to Dr. Wenliang Liu, Mingjiu Chen, Jingqun Tang, and Chen Chen in the Department of Thoracic Surgery of the Second Xiangya Hospital of Central South University for their help in the specimen collection process. It is with regret that not all relevant researchers could be listed as co-authors.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.705888/full#supplementary-material

Supplementary Figure 1 | Flow chart of organoid tissue culture and treatment of dosing before immunofluorescence operation.

Supplementary Figure 2 | Differences in IL-6 expression between 9 normal lung samples and 9 GGO samples were detected in the validation cohort (Lee H et al.). **P < 0.01

Supplementary Figure 3 | The multiple staining immunohistochemical results of CD56 (in yellow) and PD-1(in purple, negative) in normal lung tissue (upper) or GGO lung tissue (lower). Scale bar, 50 µm.

Supplementary Figure 4 | High expression of NK cell markers suggests a better prognosis for lung adenocarcinoma (The data are from the TCGA-LUAD database).



References

1. Rusch, V, Chansky, K, Kindler, H, Nowak, A, Pass, H, Rice, D, et al. The IASLC Mesothelioma Staging Project: Proposals for the M Descriptors and for Revision of the TNM Stage Groupings in the Forthcoming (Eighth) Edition of the TNM Classification for Mesothelioma. J Thorac Oncol (2016) 11(12):2112–9. doi: 10.1016/j.jtho.2016.09.124

2. Ye, T, Deng, L, Wang, S, Xiang, J, Zhang, Y, Hu, H, et al. Lung Adenocarcinomas Manifesting as Radiological Part-Solid Nodules Define a Special Clinical Subtype. J Thorac Oncol (2019) 14(4):617–27. doi: 10.1016/j.jtho.2018.12.030

3. Infante, M, Lutman, RF, Imparato, S, Di Rocco, M, Ceresoli, GL, Torri, V, et al. Differential Diagnosis and Management of Focal Ground-Glass Opacities. Eur Respir J (2009) 33(4):821–7. doi: 10.1183/09031936.00047908

4. Hansell, DM, Bankier, AA, MacMahon, H, McLoud, TC, Müller, NL, and Remy, J. Fleischner Society: Glossary of Terms for Thoracic Imaging. Radiology (2008) 246(3):697–722. doi: 10.1148/radiol.2462070712

5. Kobayashi, Y, Mitsudomi, T, Sakao, Y, Yatabe, Y, et al. Genetic Features of Pulmonary Adenocarcinoma Presenting With Ground-Glass Nodules: The Differences Between Nodules With and Without Growth. Ann Oncol (2015) 26(1):156–61. doi: 10.1093/annonc/mdu505

6. Horvath, L, Thienpont, B, Zhao, L, Wolf, D, and Pircher, A. Overcoming Immunotherapy Resistance in non-Small Cell Lung Cancer (NSCLC) - Novel Approaches and Future Outlook. Mol Cancer (2020) 19(1):141. doi: 10.1186/s12943-020-01260-z

7. Somasundaram, A, and Burns, TF. The Next Generation of Immunotherapy: Keeping Lung Cancer in Check. J Hematol Oncol (2017) 10(1):87. doi: 10.1186/s13045-017-0456-5

8. Soyama, T, Sakuragi, A, Oishi, D, Kimura, Y, Aoki, H, Nomoto, A, et al. Photodynamic Therapy Exploiting the Anti-Tumor Activity of Mannose-Conjugated Chlorin E6 Reduced M2-Like Tumor-Associated Macrophages. Transl Oncol (2021) 14(2):101005. doi: 10.1016/j.tranon.2020.101005

9. Tada, K, Kitano, S, Shoji, H, Nishimura, T, Shimada, Y, Nagashima, K, et al. Immune Status at Pre-Treatment Impacts on Progression-Free Survival of Metastatic Colorectal Cancer Patients Treated With First-Line Chemotherapy. J Immunother Cancer (2015) 3(Suppl 2):P108. doi: 10.1186/2051-1426-3-S2-P108

10. Bednarz-Misa, I, Diakowska, D, Szczuka, I, Fortuna, P, Kubiak, A, Rosińczuk, J, et al. Interleukins 4 and 13 and Their Receptors Are Differently Expressed in Gastrointestinal Tract Cancers, Depending on the Anatomical Site and Disease Advancement, and Improve Colon Cancer Cell Viability and Motility. Cancers (Basel) (2020) 12(6):1463. doi: 10.3390/cancers12061463

11. Karasaki, T, Nagayama, K, Kuwano, H, Nitadori, JI, Sato, M, Anraku, M, et al. An Immunogram for the Cancer-Immunity Cycle: Towards Personalized Immunotherapy of Lung Cancer. J Thorac Oncol (2017) 12(5):791–803. doi: 10.1016/j.jtho.2017.01.005

12. Chen, DS, and Mellman, I. Oncology Meets Immunology: The Cancer-Immunity Cycle. Immunity (2013) 39(1):1–10. doi: 10.1016/j.immuni.2013.07.012

13. Lee, H, Joung, JG, Shin, HT, Kim, DH, Kim, Y, Kim, H, et al. Genomic Alterations of Ground-Glass Nodular Lung Adenocarcinoma. Sci Rep (2018) 8(1):7691. doi: 10.1038/s41598-018-25800-2

14. Caetano, MS, Zhang, H, Cumpian, AM, Gong, L, Unver, N, Ostrin, EJ, et al. IL6 Blockade Reprograms the Lung Tumor Microenvironment to Limit the Development and Progression of K-Ras-Mutant Lung Cancer. Cancer Res (2016) 76(11):3189–99. doi: 10.1158/0008-5472.CAN-15-2840

15. Bhat, AA, Nisar, S, Maacha, S, Carneiro-Lobo, TC, Akhtar, S, Siveen, KS, et al. Cytokine-Chemokine Network Driven Metastasis in Esophageal Cancer; Promising Avenue for Targeted Therapy. Mol Cancer (2021) 20(1):2. doi: 10.1186/s12943-020-01294-3

16. Vivier, E, Ugolini, S, Blaise, D, Chabannon, C, and Brossay, L. Targeting Natural Killer Cells and Natural Killer T Cells in Cancer. Nat Rev Immunol (2012) 12(4):239–52. doi: 10.1038/nri3174

17. Gauthier, L, Morel, A, Anceriz, N, Rossi, B, Blanchard-Alvarez, A, Grondin, G, et al. Multifunctional Natural Killer Cell Engagers Targeting NKp46 Trigger Protective Tumor Immunity. Cell (2019) 177(7):1701–1713.e16. doi: 10.1016/j.cell.2019.04.041

18. Hirano, T. IL-6 in Inflammation, Autoimmunity and Cancer. Int Immunol (2021) 33(3):127–48. doi: 10.1093/intimm/dxaa078

19. Kishimoto, T. The Biology of Interleukin-6. Blood (1989) 74(1):1–10.


20. Hirano, T, Yasukawa, K, Harada, H, Taga, T, Watanabe, Y, Matsuda, T, et al. Complementary DNA for a Novel Human Interleukin (BSF-2) That Induces B Lymphocytes to Produce Immunoglobulin. Nature (1986) 324(6092):73–6. doi: 10.1038/324073a0

21. Mihara, M, Hashizume, M, Yoshida, H, Suzuki, M, and Shiina, M. IL-6/IL-6 Receptor System and its Role in Physiological and Pathological Conditions. Clin Sci (Lond) (2012) 122(4):143–59. doi: 10.1042/CS20110340

22. Stark, GR, and Darnell, JE Jr. The JAK-STAT Pathway at Twenty. Immunity (2012) 36(4):503–14. doi: 10.1016/j.immuni.2012.03.013

23. Wei, LH, Kuo, ML, Chen, CA, Chou, CH, Lai, KB, Lee, CN, et al. Interleukin-6 Promotes Cervical Tumor Growth by VEGF-Dependent Angiogenesis via a STAT3 Pathway. Oncogene (2003) 22(10):1517–27. doi: 10.1038/sj.onc.1206226

24. Bollrath, J, Phesse, TJ, von Burstin, VA, Putoczki, T, Bennecke, M, Bateman, T, et al. Gp130-Mediated Stat3 Activation in Enterocytes Regulates Cell Survival and Cell-Cycle Progression During Colitis-Associated Tumorigenesis. Cancer Cell (2009) 15(2):91–102. doi: 10.1016/j.ccr.2009.01.002

25. Gao, X, Liu, X, Lu, Y, Wang, Y, Cao, W, Liu, X, et al. PIM1 is Responsible for IL-6-Induced Breast Cancer Cell EMT and Stemness via C-Myc Activation. Breast Cancer (2019) 26(5):663–71. doi: 10.1007/s12282-019-00966-3

26. Yadav, A, Kumar, B, Datta, J, Teknos, TN, and Kumar, P. IL-6 Promotes Head and Neck Tumor Metastasis by Inducing Epithelial-Mesenchymal Transition via the JAK-STAT3-SNAIL Signaling Pathway. Mol Cancer Res (2011) 9(12):1658–67. doi: 10.1158/1541-7786.MCR-11-0271

27. Wang, YC, Wu, YS, Hung, CY, Wang, SA, Young, MJ, Hsu, TI, et al. USP24 Induces IL-6 in Tumor-Associated Microenvironment by Stabilizing P300 and β-TrCP and Promotes Cancer Malignancy. Nat Commun (2018) 9(1):3996. doi: 10.1038/s41467-018-06178-1

28. Yang, Y, Ding, L, Hu, Q, Xia, J, Sun, J, Wang, X, et al. MicroRNA-218 Functions as a Tumor Suppressor in Lung Cancer by Targeting IL-6/STAT3 and Negatively Correlates With Poor Prognosis. Mol Cancer (2017) 16(1):141. doi: 10.1186/s12943-017-0710-z

29. Caetano, MS, Hassane, M, Van, HT, Bugarin, E, Cumpian, AM, McDowell, CL, et al. Sex Specific Function of Epithelial STAT3 Signaling in Pathogenesis of K-Ras Mutant Lung Cancer. Nat Commun (2018) 9(1):4589. doi: 10.1038/s41467-018-07042-y

30. Barrera, L, Montes-Servín, E, Barrera, A, Ramírez-Tirado, LA, Salinas-Parra, F, Bañales-Méndez, JL, et al. Cytokine Profile Determined by Data-Mining Analysis Set Into Clusters of non-Small-Cell Lung Cancer Patients According to Prognosis. Ann Oncol (2015) 26(2):428–35. doi: 10.1093/annonc/mdu549

31. Ryan, BM, Pine, SR, Chaturvedi, AK, Caporaso, N, and Harris, CC. A Combined Prognostic Serum Interleukin-8 and Interleukin-6 Classifier for Stage 1 Lung Cancer in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. J Thorac Oncol (2014) 9(10):1494–503. doi: 10.1097/JTO.0000000000000278

32. Owusu Sekyere, S, Schlevogt, B, Mettke, F, Kabbani, M, Deterding, K, Wirth, TC, et al. HCC Immune Surveillance and Antiviral Therapy of Hepatitis C Virus Infection. Liver Cancer (2019) 8(1):41–65. doi: 10.1159/000490360

33. Makela, AV, Gaudet, JM, and Foster, PJ. Quantifying Tumor Associated Macrophages in Breast Cancer: A Comparison of Iron and Fluorine-Based MRI Cell Tracking. Sci Rep (2017) 7:42109. doi: 10.1038/srep42109

34. Obeid, E, Nanda, R, Fu, YX, and Olopade, OI. The Role of Tumor-Associated Macrophages in Breast Cancer Progression (Review). Int J Oncol (2013) 43(1):5–12. doi: 10.3892/ijo.2013.1938

35. Greenberg, AH, Hudson, L, Shen, L, and Roitt, IM. Antibody-Dependent Cell-Mediated Cytotoxicity Due to a "Null" Lymphoid Cell. Nat New Biol (1973) 242(117):111–3. doi: 10.1038/newbio242111a0

36. Cózar, B, Greppi, M, Carpentier, S, Narni-Mancinelli, E, Chiossone, L, and Vivier, E. Tumor-Infiltrating Natural Killer Cells. Cancer Discov (2020) 11 (1):34–44. doi: 10.1158/2159-8290.Cd-20-0655

37. Garrido, F. MHC/HLA Class I Loss in Cancer Cells. Adv Exp Med Biol (2019) 1151:15–78. doi: 10.1007/978-3-030-17864-2_2

38. Freud, AG, Mundy-Bosse, BL, Yu, J, and Caligiuri, MA. The Broad Spectrum of Human Natural Killer Cell Diversity. Immunity (2017) 47(5):820–33. doi: 10.1016/j.immuni.2017.10.008

39. Cadoux, M, Caruso, S, Pham, S, Gougelet, A, Pophillat, C, Riou, R, et al. Expression of NKG2D Ligands is Downregulated by β-Catenin Signalling and Associates With HCC Aggressiveness. J Hepatol (2021) 74 (6):1386–97. doi: 10.1016/j.jhep.2021.01.017

40. Zheng, Y, Chen, Z, Han, Y, Han, L, Zou, X, Zhou, B, et al. Immune Suppressive Landscape in the Human Esophageal Squamous Cell Carcinoma Microenvironment. Nat Commun (2020) 11(1):6268. doi: 10.1038/s41467-020-20019-0

41. Swaminathan, S, Hansen, AS, Heftdal, LD, Dhanasekaran, R, Deutzmann, A, Fernandez, WDM, et al. MYC Functions as a Switch for Natural Killer Cell-Mediated Immune Surveillance of Lymphoid Malignancies. Nat Commun (2020) 11(1):2860. doi: 10.1038/s41467-020-16447-7

42. Weil, S, Memmer, S, Lechner, A, Huppert, V, Giannattasio, A, Becker, T, et al. Natural Killer Group 2d Ligand Depletion Reconstitutes Natural Killer Cell Immunosurveillance of Head and Neck Squamous Cell Carcinoma. Front Immunol (2017) 8:387. doi: 10.3389/fimmu.2017.00387

43. Dai, YJ, He, SY, Hu, F, Li, XP, Zhang, JM, Chen, SL, et al. Bone Marrow Infiltrated Natural Killer Cells Predicted the Anti-Leukemia Activity of MCL1 or BCL2 Inhibitors in Acute Myeloid Leukemia. Mol Cancer (2021) 20(1):8. doi: 10.1186/s12943-020-01302-6

44. Lu, T, Yang, X, Shi, Y, Zhao, M, Bi, G, Liang, J, et al. Single-Cell Transcriptome Atlas of Lung Adenocarcinoma Featured With Ground Glass Nodules. Cell Discovery (2020) 6:69. doi: 10.1038/s41421-020-00200-x

45. Aktaş, ON, Öztürk, AB, Erman, B, Erus, S, Tanju, S, Dilege, Ş, et al. Role of Natural Killer Cells in Lung Cancer. J Cancer Res Clin Oncol (2018) 144(6):997–1003. doi: 10.1007/s00432-018-2635-3

46. Stankovic, B, Bjørhovde, HAK, Skarshaug, R, Aamodt, H, Frafjord, A, Müller, E, et al. Immune Cell Composition in Human Non-Small Cell Lung Cancer. Front Immunol (2018) 9:3101. doi: 10.3389/fimmu.2018.03101

47. Jin, S, Deng, Y, Hao, JW, Li, Y, Liu, B, Yu, Y, et al. NK Cell Phenotypic Modulation in Lung Cancer Environment. PloS One (2014) 9(10):e109976. doi: 10.1371/journal.pone.0109976

48. Chan, L, Li, C, Xia, W, Hsu, J, Lee, H, Cha, J, et al. IL-6/JAK1 Pathway Drives PD-L1 Y112 Phosphorylation to Promote Cancer Immune Evasion. J Clin Invest (2019) 129(8):3324–38. doi: 10.1172/JCI126022

49. Xu, L, Chen, X, Shen, M, Yang, D-R, Fang, L, Weng, G, et al. Inhibition of IL-6-JAK/Stat3 Signaling in Castration-Resistant Prostate Cancer Cells Enhances the NK Cell-Mediated Cytotoxicity via Alteration of PD-L1/NKG2D Ligand Levels. Mol Oncol (2018) 12(3):269–86. doi: 10.1002/1878-0261.12135

50. Rabinowich, H, Sedlmayr, P, Herberman, RB, and Whiteside, TL. Response of Human NK Cells to IL-6 Alterations of the Cell Surface Phenotype, Adhesion to Fibronectin and Laminin, and Tumor Necrosis Factor-Alpha/Beta Secretion. J Immunol (1993) 150(11):4844–55. doi: 10.1172/jci126022

51. Osman, MS, van Eeden, C, and Cohen Tervaert, JW. Fatal COVID-19 Infections: Is NK Cell Dysfunction a Link With Autoimmune HLH? Autoimmun Rev (2020) 19(7):102561. doi: 10.1016/j.autrev.2020.102561

52. Ge, X, Li, CR, Yang, J, and Wang, GB. Aberrantly Decreased Levels of NKG2D Expression in Children With Kawasaki Disease. Scand J Immunol (2013) 77(5):389–97. doi: 10.1111/sji.12022

53. Varchetta, S, Mele, D, Oliviero, B, Mantovani, S, Ludovisi, S, Cerino, A, et al. Unique Immunological Profile in Patients With COVID-19. Cell Mol Immunol (2021) 18(3):604–12. doi: 10.1038/s41423-020-00557-9

54. Luger, TA, Krutmann, J, Kirnbauer, R, Urbanski, A, Schwarz, T, Klappacher, G, et al. IFN-Beta 2/IL-6 Augments the Activity of Human Natural Killer Cells. J Immunol (1989) 143(4):1206–9.


55. Gazit, R, Garty, BZ, Monselise, Y, Hoffer, V, Finkelstein, Y, Markel, G, et al. Expression of KIR2DL1 on the Entire NK Cell Population: A Possible Novel Immunodeficiency Syndrome. Blood (2004) 103(5):1965–6. doi: 10.1182/blood-2003-11-3796

56. Lau, B, Poole, E, Krishna, B, Montanuy, I, Wills, MR, Murphy, E, et al. The Expression of Human Cytomegalovirus MicroRNA MiR-UL148D During Latent Infection in Primary Myeloid Cells Inhibits Activin A-Triggered Secretion of IL-6. Sci Rep (2016) 6:31205. doi: 10.1038/srep31205

57. Goldfarb, Y, and Ben-Eliyahu, S. Surgery as a Risk Factor for Breast Cancer Recurrence and Metastasis: Mediating Mechanisms and Clinical Prophylactic Approaches. Breast Dis (2006) 26:99–114. doi: 10.3233/BD-2007-26109




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zhang, He, Cai, Tu, Peng, Zhao, Peng, Yu, Wang, Tao and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Decreased IL-6 and NK Cells in Early-Stage Lung Adenocarcinoma Presenting as Ground-Glass Opacity

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Acquisition of Clinical Samples

          



          		

            Study Cohort and RNA-seq

          



          		

            Flow Cytometry

          



          		

            Data From TCGA, GEO, and Other Literature

          



          		

            Multiple Staining Immunohistochemical

          



          		

            Organoid Culture and Immunofluorescence

          



          		

            RNA Isolation and Quantitative Real‐Time PCR

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Genes in Immune Regulation Behaved Abnormally in Lung GGO Tissues

          



          		

            The Lower Expression of IL-6 In Lung GGO Tissues

          



          		

            The Amount of NK Cells Is Down-Regulated in Lung GGO Tissues

          



          		

            The Effect of IL-6 on NK Cells

          



          		

            IL-6/JAK/STAT3 Pathways Function in Lung GGO Tissues

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-705888-g005.jpg
52802 17403 27301
210 o012
81T OB =TS g ol =T
005 § o0s g 8 ¢ 1
00t 3 $ o0z
Foos [, Foos L % ooots
Soor] | oz | S o000
oot oo £ oouos
000 ! 00000
v oc Vo< v oc
25501 12004 arset azset
g08 0. 019
LT - G gol¥ T gowl® T
8 2 0.05 S
H 00003 Eom 2 53 S oo
= 0.0002: g o0z F 003 = o]
3 oo0mn S oo S oo g
& 1 X oot < Foo &
o000 000 000 000
v o< voc Vo L
L so - 3
230 8 8s
£ 200 § 100 52
s Pw i
& § § k]
o o o
N voc vo<
] T Jwq R0 _eq - a0 .
g £ H £
510 5 L % 10
H 510 H H é
e - - S ; 50
Yo o Yo 0






OEBPS/Images/table2.jpg
Characteristics n Average FC of NK cells P value

Age 0.347
<60 12 0.391
>60 dd 0.581

Gender 0.263
Female 13 0.580
Male 10 0.354

Smoking history 0.689
No 18 0.503
Yes 5 0.405

Differentiation 0.528
Well 9 0.402
Else 14 0.5633

T stage 0.636
Tla 10 0.416
Tib 13 0.517

PD-L1 0.267
Negative 8 0.333
Positive 12 0.588

Patient No.6 had 3 GGO nodules, which were included and calculated three times.





OEBPS/Images/fonc-11-705888-g003.jpg
Relative expression of NK (%)

c

Normal

long GGO
tssve.

Mean gray value of IHC
-
= o






OEBPS/Images/fonc-11-705888-g001.jpg
Number of Gene

kS  Sornrequtsa

L ———— )

PR —rey
Ocosamnagyc et proces 210402

Percent of genes

1oAa7 xew

0
asn regulation of execution phase of apoptosis
.
regulation of imming system process 7
[}
- 1.
s rmune syt development o8
- execution phise of apoptosis
tronlon Pethecst X

canonical glycolysis.

‘oaliive reoulslion of eutophagy

slin

autophagy





OEBPS/Images/fonc.2021.705888_cover.jpg
, frontiers
in Oncology

Decreased IL-6 and NK Cells in
Early-Stage Lung Adenocarcinoma
Presenting as Ground-Glass Opacity





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-705888-g004.jpg





OEBPS/Images/table1.jpg
Characteristics n Average FC of IL-6 P value

Age 0.897
<60 i 0.299
>60 10 0.230

Gender 0.609
Female 16 0.299
Male 6 0.230

Smoking history 0.993
No 17 0.279
Yes 4 0.280

Differentiation 0.476
Well 8 0.224
Else 13 0.313

T stage 0.691
T1a 8 0.436
Tib 13 0.517

PD-L1 0.428
Negative 6 0.207
Positive 12 0.307






OEBPS/Images/fonc-11-705888-g002.jpg
e

NiLs

A0 TR IFNy ILATA

=

3 3 3gvewe
97140 uojssaidxa anneley

100

HEHER]
(7

(uy/6d) 91

GSE40419

TCGA





