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Aim

This study aimed to investigate the expression of CHI3L1 in aggressive lymphomas and assess its potential as a diagnostic and prognostic biomarker.





Methodology

This study investigates the expression of CHI3L1 protein in the peripheral blood of patients with aggressive lymphoma and healthy controls using enzyme-linked immunosorbent assay (ELISA). The prognostic significance of CHI3L1 was assessed through Cox regression and Kaplan-Meier survival analyses. The differences in CHI3L1 expression between lymphoma and control samples were analyzed using the lymphoma-related gene expression datasets GSE25638 and GSE56315, as well as their combined dataset (GSE25638 and GSE56315). Subsequently, a prognostic analysis of CHI3L1 was conducted using the lymphoma tissue sample gene expression dataset GSE31312. Weighted gene co-expression network analysis (WGCNA) identified genes co-expressed with CHI3L1, and a protein-protein interaction (PPI) network was constructed. RT-qPCR was used to further validate CHI3L1 expression in peripheral blood mononuclear cells (PBMCs) from lymphoma patients





Results

The serum CHI3L1 protein expression in patients with aggressive lymphoma was significantly higher than that in healthy controls (p<0.001). Moreover, CHI3L1 levels were significantly elevated in stage III~IV patients compared to stage I~II patients (P = 0.001). One-way Cox regression and Kaplan-Meier analyses further demonstrated that high CHI3L1 expression was closely associated with shorter overall survival (p<0.001). Bioinformatics analysis revealed that CHI3L1 expression was significantly elevated in lymphoma samples compared to normal controls (p < 0.05), with diagnostic AUC values of 0.92, 0.99, and 0.93, indicating high diagnostic accuracy. Furthermore, patients with high CHI3L1 expression exhibited significantly shorter overall survival (p < 0.05), suggesting a potential association with poor prognosis. Co-expression analysis identified 605 genes associated with key biological processes, including the inflammatory response, signal transduction, and apoptosis. These genes were enriched in functional pathways such as mineral uptake and the Toll-like receptor signaling pathway. Validation experiments confirmed that CHI3L1 gene expression in PBMCs of patients with aggressive lymphoma was significantly higher than that in healthy individuals (p<0.01).





Conclusion

This study demonstrates that elevated CHI3L1 expression is strongly associated with lymphoma onset, progression, severity, and poor prognosis, underscoring its potential as both a diagnostic and prognostic biomarker. Moreover, CHI3L1 may contribute to lymphoma progression by regulating key biological processes.
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1 Introduction

Lymphoma is a malignancy which originates from the lymphatic system (1, 2), and of which incidence steadily increases in recent years (3). Due to the complexity of its pathological classification, lymphoma includes several subtypes which have distinct biological characteristics. Among these, aggressive lymphomas, particularly diffuse large B-cell lymphoma (DLBCL), are frequently associated with poor prognosis and a high risk of relapse due to their invasiveness and significant heterogeneity (4). Despite advances in chemotherapy, immunotherapy, and targeted therapies, some patients continue to exhibit resistance to current treatment options, which significantly limits therapeutic efficacy and complicates disease management (4, 5). Therefore, there is an urgent need to identify new biomarkers and therapeutic targets to optimize treatment strategies and improve patient outcomes.

CHI3L1 (Chitinase-3-like protein 1, YKL-40) is a glycoprotein derived from the 18th glycosyl hydrolase family. Despite lacking enzymatic activity, it plays a broad range of roles in various physiological and pathological processes (6, 7). CHI3L1 is primarily secreted by macrophages, fibroblasts, and tumor cells, and is involved in extracellular matrix remodeling, cell proliferation, angiogenesis, and regulation of inflammatory responses (6, 8–11). Recent studies have shown that CHI3L1 is highly expressed in solid tumors, including lung cancer, breast cancer, and colorectal cancer, and is closely associated with tumor invasiveness, chemotherapy resistance, and poor prognosis (12–18). In particular, in cancer-related inflammatory responses, CHI3L1 promotes tumor cell proliferation, migration, and immune evasion by binding to specific receptors (e.g., IL-13Rα2, CD44) and activating downstream signaling pathways (e.g., MAPK, PI3K/AKT) (18, 19). However, the role of CHI3L1 in hematologic malignancies remains insufficiently explored, particularly regarding its expression characteristics and prognostic value in aggressive lymphomas. With the widespread application of high-throughput sequencing technologies, bioinformatics analysis has become a crucial tool in tumor research. By utilizing large-scale multi-omics data from public databases such as TCGA and GEO, it is possible to comprehensively analyze the expression characteristics of candidate genes in tumors and their association with clinical features. Such analyses not only identify potential pathogenic genes but also provide a strong foundation for the screening and validation of biomarkers.

The innovation of this study lies in the first systematic evaluation and validation of the expression characteristics and prognostic value of CHI3L1 in aggressive lymphoma. Through bioinformatics analysis and experimental validation, this study comprehensively examines the potential of CHI3L1 as a biomarker for the progression and prognosis of aggressive lymphoma. The aim of our research mainly provides new theoretical insights and identify potential targets for understanding the molecular mechanisms of this disease and advancing clinical precision medicine, thereby offering scientific evidence to support future diagnostic and therapeutic strategies.




2 Materials and methods



2.1 Clinical information

In this study, patients with aggressive lymphoma who received treatment at the First People’s Hospital of Changde city from May 2021 to October 2022 and whose peripheral blood samples were retained from the biobank of the hospital were selected as the study objects. The inclusion criteria included (1) confirmed diagnosis of aggressive lymphoma according to the 2022 Revised Chinese Guidelines for the Treatment of Lymphoma, (2) age ≥18 years, and (3) signed an informed consent form. The exclusion criteria included (1) a combination of severe infection, chronic liver disease or renal insufficiency; (2) a combination of autoimmune disease, immunodeficiency or immunosuppression; (3) a combination of other malignancies or organ failure; and (4) a combination of other hematological diseases. Moreover, the peripheral blood samples of the control group were from healthy individuals (according to medical check-ups) with no family history of hematological diseases in the biobank of our hospital. This study was approved by the Medical Ethics Committee of the First People’s Hospital of Changde City. The flowchart of patient screening is shown in Figure 1.




Figure 1 | Flowchart of lymphoma patient screening.






2.2 Expression of the CHI3L1 protein in the serum of patients with aggressive lymphoma as determined by ELISA

The serum samples from 184 patients with aggressive lymphoma and 40 healthy controls stored in the biobank were thawed, and enzyme-linked immunosorbent assay (ELISA) was used to measure CHI3L1 levels in the serum. The assay process was carried out in accordance with the manufacturer’s instructions (Hangzhou Puwang Biotechnology Co., Ltd.).




2.3 Bioinformatics analysis



2.3.1 Data acquisition and preprocessing

Lymphoma-related datasets (GSE25638, GSE56315, and GSE31312) were obtained from the Gene Expression Omnibus (GEO) of the Cancer Genome Atlas (https://www.ncbi.nlm.nih.gov/geoprofiles/). The GSE25638 dataset (based on the GPL570 platform) contains RNA expression profiling data from 13 normal B-cell samples and 84 lymphoma samples; the GSE56315 dataset (based on the GPL570 platform) contains expression profiling data from 33 normal B-cell samples and 55 lymphoma samples; and the GSE31312 dataset (based on the GPL570 platform) contains clinical information and transcription profile data from 498 tumor tissues. To increase the sample size to improve the reliability of the subsequent analyses, we merged the GSE25638 dataset and the GSE56315 dataset into one dataset for subsequent analyses.




2.3.2 Differential CHI3L1 expression and prognostic analysis

With respect to the GSE25638 dataset, GSE56315 dataset and merged dataset, the Wilcoxon rank sum test was used to compare the differences in the expression of CHI3L1 between lymphoma tissues and normal B cells, and box plots were drawn. In addition, the diagnostic value of CHI3L1 for lymphoma was assessed via receiver operating characteristic (ROC) curve analysis, and the diagnostic efficacy was assessed via the area under the curve (AUC).

Based on the GSE31312 dataset, the patients were divided into high- and low-expression groups according to the optimal cutoff value of CHI3L1 expression, and the relationship between CHI3L1 expression and overall survival (OS) in lymphoma patients was evaluated via the Kaplan–Meier method and the log-rank test. Survival curves were obtained by using the ‘survival’ package of the R language. Moreover, ROC curves were plotted to analyze the ability of the CHI3L1 expression level to predict the survival status of lymphoma patients at 1, 3 and 5 years.




2.3.3 Screening of genes associated with CHI3L1 expression in lymphoma

In this study, we first integrated the dataset and identified genes that were differentially expressed between lymphoma samples and normal B-cell samples using ‘|fold change|=2, P<0.05’ as the screening criterion. WGCNA was subsequently used for the screening of genes coexpressed with CHI3L1. The specific steps were as follows: First, a suitable soft threshold was selected to construct a scale-free network that conformed to a power-law distribution to simulate a real biological network more accurately. The blockwiseModules function was subsequently used for module partitioning to define and visualize the gene coexpression modules. By calculating the module eigenvalue (ME), the correlation of each module with the clinical group (tumor group) and CHI3L1 expression was evaluated, and the gene modules with a |correlation coefficient|>0.5 and P<0.05 were screened out. Finally, the DEGs were used for survival analysis via the GSE31312 dataset to identify genes that were significantly associated with the prognosis of lymphoma (P < 0.05).




2.3.4 PPI network analysis and functional enrichment analysis

To assess the genes coexpressed with CHI3L1 in lymphoma, we used the STRING database (https://cn.string-db.org/) to perform PPI analysis of the screened genes that were coexpressed with CHI3L1 and obtained a minimum interaction score of 0.7 for the PPI pairs. The PPI network was then constructed via Cytoscape software (version 3.8.0).

To further investigate the biological functions of CHI3L1 in the development and prognosis of lymphoma, we performed functional enrichment analyses of genes in the PPI network that had direct or indirect interactions with CHI3L1. These genes were subjected to Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and Gene Ontology (GO) functional enrichment analyses via the DAVID database (https://david.ncifcrf.gov). The analyses and statistical tests via Fisher’s exact test revealed significantly enriched KEGG pathways and GO entries (P<0.05), thus revealing the key related biological functions and signaling pathways of CHI3L1 involved in lymphoma.





2.4 Expression of the CHI3L1 gene in the PBMCs of patients with aggressive lymphoma measured via RT–qPCR

The PBMC samples from 12 patients with aggressive lymphoma and 10 healthy controls stored in the biobank were thawed, and total RNA was extracted via TRIzol reagent (Invitrogen Life Technologies). Reverse transcription was subsequently performed to obtain cDNA, which was subsequently used for the qPCR assay, and gene primers with the following sequences were designed with Primer 5.0:

	CHI3L1 forward primer: 5’-TGGCTTCTTCTGAGACTGGTGTT-3’,

	CHI3L1 reverse primer: 5’-CGCTTTCCTGGTCGTAT-3’;

	β-actin (H) forward primer: 5’-GTGGCCGAGGACTTTGATTG-3’,

	β-actin (H) reverse primer: 5’-CCTGTAACAACGCATCTCATATT-3’.



qPCR was performed according to the manufacturer’s guidelines. Amplification was performed as follows: predenaturation at 95°C for 10 min; 40 PCR cycles (95°C, 10 sec; 60°C, 60 sec). The melting curve program was as follows: 95°C, 10 sec; 60°C, 60 sec; 95°C, 15 sec. All reactions were performed in triplicate and the mRNA levels of the target gene were normalized by β-actin using the 2-ΔCt method.




2.5 Statistical analyses

SPSS 26.0 and R 4.0.3 were used for statistical analysis. Measurement information was expressed as the mean ± standard deviation (x ± s), and Mann-Whitney test was used for comparisons between groups; counting information was expressed as the number of cases and percentage [n (%)], and a chi-square test was used for comparisons between groups. Survival analyses were performed via the Kaplan–Meier method with the log-rank test. Spearman correlation analysis was used to assess the correlation between CHI3L1 and clinical indicators in lymphoma patients. A one-way Cox regression model was used to analyze the factors affecting prognosis. p<0.05 was considered to indicate a statistically significant difference.





3 Results



3.1 Analysis of serum CHI3L1 expression and other clinical parameters in invasive lymphoma

This study included 184 patients with aggressive lymphoma, encompassing both newly diagnosed and relapsed cases, with 98 male (53.3%) and 86 female (46.7%) patients (Supplementary Table S1). We quantified serum CHI3L1 protein expression levels in 184 patients with invasive lymphoma and 40 healthy individuals using ELISA. The results show that serum CHI3L1 levels were significantly elevated in lymphoma patients compared to healthy controls, with a highly significant difference (P < 0.001) (Figure 2A). The R package maxstat (version 0.7-25), which applies maximally selected rank statistics with various p-value approximations, was utilized to determine the optimal cutoff value for CHI3L1. The grouping criteria set the minimum sample size to exceed 25% and the maximum sample size to be less than 75%. The final optimal cutoff value was identified as 106.7. Based on this cutoff, the 184 patients with invasive lymphoma were categorized into a CHI3L1 low-expression group (n=127) and a CHI3L1 high-expression group (n=57). We then compared the general clinical characteristics of the two groups. The results showed that in the CHI3L1 high-expression group, a significantly higher proportion of patients were aged ≥60 years, with elevated levels of β2-microglobulin (β2-MG) and lactate dehydrogenase (LDH), as well as reduced hemoglobin (Hb) levels. Additionally, a greater proportion of patients were in advanced stages (III~IV), suggesting that CHI3L1 overexpression may contribute to accelerated disease progression. The International Prognostic Index (IPI) is a widely used scoring system in the field of non-Hodgkin lymphoma, which is employed to evaluate the prognosis of patients. A higher IPI score indicates a poorer prognosis. In this study, the level of CHI3L1 exhibited a significant upward trend with the increase in the IPI score, suggesting a potential correlation between the elevated expression of CHI3L1 and the severity of the disease. The incidence of B symptoms (fever, night sweats, and weight loss) also increased significantly with higher CHI3L1 levels, further reflecting heightened tumor activity (P > 0.05) (Tables 1, Supplementary Tables S2, S3). Spearman correlation analysis revealed that serum CHI3L1 levels in invasive lymphoma patients were positively correlated with β2-MG, LDH, and creatinine (Cr), but negatively correlated with Hb. No significant correlations were found between CHI3L1 levels and serum calcium (Ca)、CRP levels (P > 0.05) (Figures 2B–F, Supplementary Figure S4).




Figure 2 | Analysis of the expression levels of the CHI3L1 gene in lymphoma patients and healthy controls and their correlation with clinical indicators. (A) Box plot revealing differential expression of CHI3L1 in the serum of lymphoma patients (n=184) and healthy controls (n=40). (B–F) Spearman correlation analysis revealed a correlation between CHI3L1 and clinical indicators related to lymphoma.  ****P<0.0001.




Table 1 | Comparison of the general data of patients with aggressive lymphoma in the CHI3L1 high-expression group and low-expression group.






3.2 Serum CHI3L1 levels and other clinical indicators in lymphoma patients: association with disease staging

Analysis of clinical indicators based on Ann Arbor staging revealed that CHI3L1 levels were significantly higher in stage III-IV patients than in stage I-II patients (P = 0.001), suggesting that this biomarker is associated with tumor progression. An analysis of other clinical characteristics showed that stage III-IV patients had markedly abnormal levels of albumin, hemoglobin (Hb), β2-microglobulin (BMG), and lactate dehydrogenase (LDH), indicating malnutrition, severe anemia, and an increased tumor burden in advanced-stage patients. Conversely, no significant differences were observed between stages in terms of age, fibrinogen, CRP, creatinine, serum calcium, or white blood cell count (P > 0.05) (Figure 3, Supplementary Figures S4, S5).




Figure 3 | Comparison of relevant clinical examination parameters between patients with different stages. Box plot showing the differential expression of CHI3L1, β 2-MG, LDH, Ca, and ALB in the serum of patients with stage III-IV lymphoma (n=98) and patients with stage I-II lymphoma (n=86). ns indicates non-significant difference (P > 0.05), *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.






3.3 Elevated CHI3L1 levels are associated with poor prognosis and reduced OS in aggressive lymphoma

To reduce the influence of treatment interventions and variations in disease progression on the follow-up study results, this study independently analyzed 92 newly diagnosed patients selected from a total of 184. This selection aimed to provide a more precise assessment of the association between CHI3L1 expression levels and disease progression. A univariate Cox proportional hazards regression model was employed to examine the relationship between clinical characteristics, laboratory parameters, and patient prognosis (Supplementary Table S6). Elevated levels of CHI3L1, LDH, β2-MG, and Cr were significantly associated with shorter OS (all P < 0.05), whereas sex, age, Ca, Hb, and PLT were not significantly associated with prognosis (all P > 0.05) (Figure 4A, Supplementary Table S7). Patients were categorized into high and low CHI3L1 expression groups based on an optimal cutoff value. Kaplan–Meier survival curves were constructed to evaluate prognostic differences using the log-rank test. The analysis demonstrated a statistically significant difference in OS between the high-expression and low-expression CHI3L1 groups (P < 0.001), with higher CHI3L1 levels associated with shorter OS. These findings indicate that CHI3L1 may serve as a potential prognostic biomarker to inform individualized treatment strategies. In addition, OS was significantly shorter in patients with elevated β2-MG levels, elevated Cr levels, and low PLT counts (Figure 4B). Nomograms with scores of 0-100 can be developed according to the Cox proportional risk model correlation coefficients of each variable; the sum of the scores of each variable represents the total score, and the overall survival rate of a specific patient can be derived from the downward projection of the scale of the total score at 18 months, 36 months and 60 months. In this study, a nomogram prediction model for OS in aggressive lymphoma patients was constructed by integrating four indicators, namely, CHI3L1, LDH, β2-MG, and Cr. The performance of the model was then comprehensively evaluated in terms of the differentiation index (including the C index, time-ROC, and time-AUC) and calibration, which provided a reference for clinical diagnosis and treatment (Figure 4C).




Figure 4 | Prognostic analysis of lymphoma patients. (A) Single-factor Cox analysis forest plot of laboratory test parameters that may affect the prognosis of lymphoma patients. (B) Estimated OS among patients grouped by CHI3L1, β2-MG, Cr, PLT, Hb, and Ca levels according to Kaplan–Meier analysis. (C) Nomogram for predicting the OS of invasive lymphoma patients based on risk factors screened through univariate analysis; calibration curves and ROC curves of the nomogram.






3.4 Elevated CHI3L1 expression: a diagnostic and prognostic biomarker in lymphoma

Using the GSE25638, GSE56315, and merged datasets, we analyzed CHI3L1 expression differences between lymphoma samples (tumor group) and normal control samples (normal group). Across all datasets, CHI3L1 was significantly upregulated in the tumor group (P < 0.05; Figures 5A–C). ROC curve analysis demonstrated high diagnostic accuracy, with area under the curve (AUC) values of 0.92, 0.99, and 0.93 for the respective datasets (Figures 5D–F). Analysis of the GSE31312 dataset revealed that high CHI3L1 expression was strongly associated with poor lymphoma prognosis, as shown by Kaplan–Meier survival analysis (P < 0.05; Figure 5G). Prognostic ROC analysis further demonstrated AUCs of 0.79, 0.62, and 0.62 for predicting 1-, 3-, and 5-year survival, respectively (Figure 5H). These findings indicate that CHI3L1 is overexpressed in lymphoma cells and has potential diagnostic and prognostic value.




Figure 5 | Differential expression, diagnostic value, and prognostic significance of CHI3L1 in lymphoma. Differential expression of CHI3L1 in the normal and tumor groups was analyzed on the basis of (A) the GSE25638 dataset, (B) the GSE56315 dataset, and (C) the merged dataset. ROC curve analysis revealed the diagnostic value of CHI3L1 in lymphoma on the basis of (D) the GSE25638 dataset, (E) the GSE56315 dataset, and (F) the merged dataset. (G) Kaplan–Meier survival curves based on the GSE31312 dataset were generated to analyze the relationship between CHI3L1 expression and lymphoma prognosis. (H) ROC curves based on the GSE31312 dataset were used to analyze the ability of CHI3L1 to predict the survival outcomes of patients with lymphoma at different time points.






3.5 Screening of genes associated with CHI3L1 in lymphomas

A total of 3577 genes that were differentially expressed between the tumor and normal groups were screened from the combined GSE25638 and GSE56315 datasets (|fold change| > 2, P < 0.05), including 1328 genes that were significantly upregulated and 2249 genes that were significantly downregulated in the tumor group (Figures 6A, B). To ensure that the network was scale-free and more biologically meaningful, the optimal soft threshold β was set to 9 (Figure 6C). Then, on the basis of the dynamic tree cut algorithm, the minimum module gene number was set to 30, the sensitivity dynamic tree cutting (depth segmentation) was set to 3, and the maximum module distance was set to 0.25 to generate the gene modules and further merge the modules with high similarity. As shown in Figure 6D, 19 gene modules were finally generated after merging: violet, ivory, magenta, floralwhite, orangered4, black, darkmagenta, brown, darkorange2, skyblue, lightcyan1, red, yellow, orange, pale turquoise, darkorange, blue, lightcyan, and gray. We analyzed the connectivity of the module eigengenes (MEs), and the results revealed that the distance between the modules was greater than 0.25 (Figure 6E), which indicated good independence between each module. The correlation between each gene module and clinical subgroup as well as CHI3L1 expression was subsequently calculated, and a total of 9 gene modules were determined to be closely correlated with both the clinical subgroup and CHI3L1 expression (|correlation coefficient|>0.5, P<0.05); these modules were the brown, blue, lightcyan, lightcyan1, magenta, ivory, darkorange, and orangered4 modules and contained a total of 3263 genes (Figure 6F). A total of 2130 common genes were obtained from the comparison of these module genes and DEGs (Figure 6G).




Figure 6 | Differential expression analysis and WGCNA revealed genes associated with CHI3L1 expression in lymphoma. (A) Volcano plot showing the differentially expressed genes in the normal and tumor groups. (B) Heatmap showing the expression patterns of the DEGs in each sample. (C) Plot of the different soft thresholds (power values, x-axis) versus the network connectivity fitting index R ^ 2 (y-axis) and the average connectivity (average node degree) (y-axis). The best soft threshold of β 9 was chosen for this study. (D) Systematic clustering tree of genes divided by gene expression pattern similarity on the basis of the best soft threshold β. Different colors represent the identified gene modules. (E) Cluster plot of module eigengenes (MEs) and heatmap of connectivity between modules. The color shade of each square represents the magnitude of the corresponding intermodule connectivity. (F) Heatmap of the correlation between the feature value (ME) of gene modules and the tumor group and CHI3L1 expression, where the module name is represented in different colors, and the value within each square represents the correlation coefficient and P value of the module feature vector (ME) and phenotype. (G) Venn diagram of the CHI3L1-associated gene sets.






3.6 PPI network analysis and functional enrichment analysis

PPI analysis of genes associated with CHI3L1 expression in lymphoma was performed, and the results are shown in Figure 7A. In the PPI network, 385 nodes were included, of which 11 nodes had direct interactions with CHI3L1 and 373 nodes had indirect interactions with CHI3L1, indicating that CHI3L1 is involved in the development and prognosis of lymphomas through interactions with these genes. To investigate the biological functions of CHI3L1 in lymphoma development and prognosis in detail, we further performed functional enrichment analysis of the genes in the PPI network that have potential regulatory roles with CHI3L1. The results of the GO analysis revealed that these genes are involved in 43 biological processes (BPs), such as the inflammatory response, signal transduction, the cellular response to zinc ions, the apoptotic process, and the detoxification of copper ions (Figure 7B), and are involved in 41 cellular components (CCs), such as the extracellular exosome, extracellular space, extracellular region, lysosomal membrane, and lysosome (Figure 7C). At the molecular function level, these genes are related to 21 main molecular functions (MFs), such as protein binding, extracellular matrix structural constituent, collagen binding, and macromolecular complex binding (Figure 7D). KEGG enrichment analysis revealed that genes directly or indirectly interacting with CHI3L1 in these lymphomas were enriched mainly in mineral absorption, the Toll-like receptor signaling pathway, lysosomes, the chemokine signaling pathway, the NOD-like receptor signaling pathway and 20 other signaling pathways (Figure 7E).




Figure 7 | PPI network analysis and functional enrichment analysis. (A) PPI network constructed via the STRING database. The blue circles indicate proteins that interact with CHI3L1. A darker blue color indicates stronger interaction ability, and proteins that directly interact with CHI3L1 are connected with a line. (B–D) GO functional enrichment analyses showing the top 15 most significant terms in the categories of (B) biological process, (C) cellular component, and (D) molecular function. (E) KEGG pathway enrichment analysis (top 15 entries with the highest significance).






3.7 The level of CHI3L1 gene expression in the PBMCs of lymphoma patients is greater than that in the PBMCs of healthy individuals

The expression of the CHI3L1 gene in PBMCs from 12 patients with aggressive lymphoma and 10 healthy individuals was detected via RT–qPCR. The results revealed that the expression level of the CHI3L1 gene in patients with aggressive lymphoma was significantly greater than that in healthy controls (P < 0.01) (Figure 8A). ROC analysis revealed that the AUC of CHI3L1 for predicting aggressive lymphoma was 0.933 (95% CI: 0.825~1.000), with a sensitivity of 83.3% and a specificity of 100% (Figures 8B, Supplementary Figure S8).




Figure 8 | Verify the differential expression of CHI3L1 using RT-qPCR. (A) CHI3L1 mRNA expression levels in lymphoma patients (n=12) and healthy controls (n=10) and (B) ROC curves according to the RT–qPCR results. ****P<0.0001.








Discussion

In this study, we systematically combined bioinformatics analysis and experimental validation to thoroughly investigate the expression level of CHI3L1 in aggressive lymphomas and its prognostic value. Our results indicate that CHI3L1 is highly expressed in aggressive lymphomas and is closely associated with poor prognosis.

CHI3L1, a glycoprotein, has multiple biological functions in the tumor microenvironment. CHI3L1 is involved in inflammation, cell proliferation and differentiation, apoptosis, angiogenesis promotion and extracellular matrix remodeling (6, 20). CHI3L1 can directly stimulate tumor cells to produce proinflammatory cytokines (IL-6, IL-8, and transforming growth factor-β) and activate the transforming growth factor-β signaling pathway through binding to its receptor, resulting in proinflammatory cytokine production and immune cell recruitment. The production of proinflammatory cytokines (IL-6, IL-8 and TGF-β) activates the TGF-β signaling pathway by binding to its receptor, resulting in the production of proinflammatory cytokines and the recruitment of immune cells, which promotes tumor cell migration and invasion and indirectly participates in tumor progression by promoting angiogenesis in the tumor microenvironment (8, 21, 22). In cutaneous T-cell lymphomas (CTCLs), Hideko Suzuki et al. (23) reported that serum levels of CHI3L1 were elevated and positively correlated with the severity of the disease. positively correlated with disease severity. Immunohistochemical analysis revealed that CHI3L1 was expressed in both epidermal keratinocytes and tumor cells in CTCL lesions. Although CHI3L1 did not significantly affect cytokine production in the CTCL cell line, it promoted the proliferation of Hut 78 and HH cells in vitro by activating the ERK1/2 pathway. It was hypothesized that CHI3L1 may activate the ERK1/2 pathway through autocrine and paracrine effects, thereby driving the proliferation of CTCL cells and promoting disease progression. Other studies have shown that CHI3L1 can stimulate the phosphorylation of ERK1/2 in human renal epithelial cell lines (293 cells) and human brain astrocytoma cells (U373 and U87 MG cells), which leads to cell proliferation (24).

By analyzing the GSE25638 and GSE56315 datasets, we found that CHI3L1 expression in lymphoma samples was significantly higher than that in normal samples, suggesting that high CHI3L1 expression may be closely related to the occurrence and progression of lymphomas. ROC curve analysis revealed that CHI3L1 has high sensitivity and specificity in the diagnosis of lymphomas, suggesting that it is a potential diagnostic biomarker. For experimental validation, we used qPCR to detect CHI3L1 gene expression in peripheral blood single nucleated cells, and the results revealed that the expression of CHI3L1 in patients with aggressive lymphoma was significantly greater than that in healthy controls. ELISA analysis of serum samples revealed that the protein level of CHI3L1 in patients with lymphoma was significantly greater than that in healthy controls, that the serum CHI3L1 protein level in patients with stage III-IV lymphoma was significantly greater than that in healthy controls, and that the serum CHI3L1 protein level in patients with stage III-IV lymphoma was significantly greater than that in patients with stage I-II lymphoma. Patients with significantly higher serum CHI3L1 protein levels. These results further support the association between CHI3L1 and disease progression. More importantly, follow-up of 184 patients with aggressive lymphoma revealed that patients in the nonsurviving group had significantly higher CHI3L1 levels than did those in the surviving group. These findings suggest that high CHI3L1 expression may predict faster disease progression or worse prognosis in lymphoma patients. For patients with high CHI3L1 expression, more aggressive treatments, such as combination immunotherapy, molecular targeted therapy, or novel chemotherapeutic regimens, may be needed; moreover, monitoring the expression levels of CHI3L1 and related genes can be used to assess treatment efficacy and disease progression and guide clinical decision-making.

CHI3L1, an indicator of the inflammatory and immune status of the body, has been shown to be associated with the prognosis of patients with malignant tumors such as colon, breast, ovarian, and non-small cell lung cancers (25–29). Qiu et al. (14)demonstrated that CHI3L1 plays a particularly prominent role in hepatocellular carcinoma, where it promotes the growth and metastasis of liver tumors by regulating SMAD family members (SMAD-2 and SMAD-3), affecting the TGF-β signaling pathway and thereby promoting liver tumor growth and metastasis. Based on this mechanism, targeting CHI3L1 may be a potential therapeutic strategy to inhibit hepatocellular carcinoma growth and metastasis. Yu et al. identified significantly elevated CHI3L1 levels in the serum and tissues of lung cancer patients compared to the control group. Their study developed a humanized anti-CHI3L1 antibody, which exhibited strong anti-tumor and anti-metastatic effects in a lung cancer mouse model, effectively suppressing tumor growth and dissemination. These effects were closely associated with the inhibition of STAT6-dependent M2 macrophage polarization. Furthermore, proteomic analysis revealed that plasminogen (PLG) interacts with CHI3L1, playing a crucial role in regulating the M2 polarization process (30). Chiang et al. (31), on the other hand, examined the expression of CHI3L1 in 180 patients with epithelial ovarian carcinomas via RT–qPCR and reported that late-stage and chemotherapy-resistant patients presented significantly increased CHI3L1 expression and that patients with high CHI3L1 expression presented decreased progression-free survival (PFS) and OS. C-reactive protein (CRP), a well-established inflammatory marker, is widely used to assess inflammation and immune response across various diseases. However, this study found no significant correlation between CHI3L1 and CRP levels. Although both are involved in immune and inflammatory processes, their mechanisms of action differ. CHI3L1 primarily regulates cytokines, mediates cellular injury responses, and contributes to fibrosis, whereas CRP, an acute-phase reactant, is predominantly synthesized in the liver and induced by inflammatory mediators such as IL-6. The expression and regulation of these markers are likely influenced by distinct physiological and pathological mechanisms, which may explain the lack of a direct correlation.

In our study, through prognostic analysis of the GSE31312 dataset, we found that high expression of CHI3L1 was strongly associated with poor prognosis in patients with aggressive lymphomas. K–M survival analysis further confirmed that the survival rate of patients with high CHI3L1 expression was significantly lower than that of patients with low CHI3L1 expression. These findings suggest that CHI3L1 not only plays an important role in the diagnosis of lymphoma but is also a potential prognostic marker. In conclusion, Cox regression analysis revealed that CHI3L1, LDH, β2-MG and Cr were all independent factors affecting the prognosis of aggressive lymphoma patients. This finding reinforces the importance of CHI3L1 in prognostic assessment. As these factors independently predict patient prognosis, clinicians can develop personalized treatment plans based on these biomarkers. In particular, after these prognostic factors were integrated, we constructed a column-line graph prediction model for OS in patients with aggressive lymphoma. The model provides clinicians with an intuitive and practical tool to help them predict patient survival more accurately. For internal validation, the C-index (C-index) of the column-line diagram exceeded 0.700 in both the training and validation sets, indicating the high accuracy of the model in distinguishing patient prognosis. In addition, ROC curve analysis revealed that the AUC values of the model for predicting patient OS at 12, 24 and 36 months were 0.77, 0.79 and 0.73, respectively, indicating its stable and reliable predictive ability. The calibration curves further indicated that the model had good fitting ability, supporting its feasibility in clinical applications. With the accumulation of more clinical data, the column-line graph prediction model is expected to be further optimized and become an important tool for assessing the individualized risk of patients with aggressive lymphoma.

To elucidate the molecular mechanisms underlying CHI3L1 in aggressive lymphoma, this study analyzed the GSE25638 and GSE56315 datasets, identifying nine gene modules strongly associated with both clinical classification and CHI3L1 expression. Univariate Cox regression analysis revealed that 605 genes were significantly correlated with lymphoma prognosis, reinforcing the potential of CHI3L1 as a prognostic biomarker.Protein-protein interaction (PPI) network analysis identified 11 genes that directly interact with CHI3L1 and 373 genes that interact indirectly. These findings suggest that CHI3L1 may facilitate tumor cell growth and dissemination by regulating critical biological processes, including cell proliferation, apoptosis, and migration. Furthermore, the identified interactions indicate that CHI3L1 may contribute to lymphoma progression through multiple signaling pathways and molecular networks.We performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses on the protein-protein interaction (PPI) network of CHI3L1-related genes. The GO analysis revealed that these genes are primarily localized in extracellular vesicles, the extracellular matrix, and lysosomal membranes. They are closely associated with protein binding, extracellular matrix components, and collagen binding. Functionally, they are involved in biological processes such as the inflammatory response, signal transduction, apoptosis, and cellular responses to metal ions and detoxification. These findings suggest that CHI3L1-related genes play a regulatory role in tumor cell proliferation, invasion, and survival. The KEGG pathway enrichment analysis indicated that these genes are significantly enriched in mineral absorption, the Toll-like receptor signaling pathway, and the chemokine signaling pathway. These pathways may contribute to tumor metastasis by modulating immune and inflammatory responses.TLR4 (Toll-like receptor 4) is a critical member of the Toll-like receptor family and plays a fundamental role in the innate immune system. Studies have demonstrated that stimulation with the TLR4 ligand LPS downregulates CHI3L1 expression in SW480 colorectal cancer cells. The D299G and T399I mutations in TLR4 result in a loss of function, thereby inhibiting TLR4 signaling. Further research has shown that in CaCO2 cells harboring these mutations, CHI3L1 mRNA levels are significantly elevated, establishing a direct correlation between TLR4 mutations and CHI3L1 expression.Evidence suggests that TLR4 mutations and CHI3L1 upregulation may synergistically promote carcinogenic alterations in colonic epithelial cells within an inflammatory environment. Specifically, the D299G mutation disrupts cellular inflammatory response mechanisms, potentially activating the Wnt or PI3K/AKT pathway. This activation indirectly enhances CHI3L1 expression, contributing to tumor progression. Moreover, the D299G mutation is associated with higher tumor grades and increased metastasis rates, underscoring the pivotal role of TLR4 mutations and CHI3L1 upregulation in colorectal cancer development and progression (32). Previous studies have demonstrated that CHI3L1 expression is significantly upregulated in the lungs of mice bearing breast tumors. In vitro experiments further revealed that recombinant CHI3L1 stimulates pulmonary interstitial and alveolar macrophages to secrete CCL2, CXCL2, and MMP9. The elevated levels of these factors facilitate the metastasis of breast tumor cells to the lungs (33). Wang et al. demonstrated that CHI3L1 enhances the proliferation of CD4+ T cells, CD8+ T cells, and B cells in PTLCs. The underlying mechanism of CHI3L1-induced lymphocyte proliferation involves multiple signaling pathways, including NF-κB, MAPK (c-Jun N-terminal kinase [JNK] and ERK), TGF-β1/Smad, and Akt (34).Based on the above analysis, CHI3L1 may affect the development and progression of aggressive lymphoma by regulating key biological processes, such as the inflammatory response, apoptosis, signal transduction, and extracellular matrix remodeling; its association with multiple key signaling pathways suggests that CHI3L1 has potential as a therapeutic target. Targeted intervention with CHI3L1 may inhibit the proliferation and invasion of tumor cells, thereby improving patient prognosis.

In this study, we systematically investigated the expression characteristics of CHI3L1 in aggressive lymphoma and its significance in disease diagnosis and prognosis. These results indicate that CHI3L1 is involved in the development and progression of aggressive lymphoma, suggesting that it may be a promising biomarker and therapeutic target, which could help to elucidate the molecular mechanisms of aggressive lymphoma and promote the development of novel diagnostic tools and therapeutic strategies. It is important to highlight that while our study identified a significant increase in CHI3L1 expression in lymphoma cells, existing literature indicates that other cell types within the tumor microenvironment such as macrophages, fibroblasts, and neutrophils may also play pivotal roles in regulating CHI3L1 expression (35). These cells contribute to CHI3L1 secretion and are actively involved in critical biological processes, including inflammatory responses, apoptosis, and signal transduction, all of which can profoundly influence tumor progression and prognosis. Although our study primarily focuses on CHI3L1 expression in lymphoma cells, the tumor microenvironment is a highly intricate network of cellular interactions. Thus, the contribution of other cellular components to CHI3L1 secretion should not be overlooked. To gain a more comprehensive understanding of this mechanism, future research will utilize immunohistochemistry (IHC) and in situ hybridization (ISH) to examine CHI3L1 expression across various cell types within tumor tissue sections. These approaches will provide deeper insights into the specific roles of CHI3L1 in both tumor cells and the surrounding microenvironment. Additionally, sample size limitations may affect the generalizability and credibility of the results, and smaller sample sizes may not be able to encompass all potential biological variants, thus limiting the extrapolation of the study findings. Future studies should expand the sample size, incorporate multicenter data for validation, and focus on the specific mechanism of action of CHI3L1 in aggressive lymphomas, especially its interactions with key signaling pathways and cellular processes. Moreover, larger-scale clinical studies should be conducted to verify the reliability and validity of CHI3L1 as a diagnostic and prognostic marker and to explore its feasibility in clinical practice. Through in-depth molecular mechanism studies and clinical validation, CHI3L1 is expected to be a key target in the diagnosis and treatment of aggressive lymphomas, and the survival rate and quality of life of patients will improve.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.





Ethics statement

The studies involving humans were approved by Medical Ethics Committee of the First People’s Hospital of Changde City. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

CW: Conceptualization, Writing – original draft. LT: Conceptualization, Writing – review & editing. HL: Data curation, Investigation, Writing – review & editing. JL: Investigation, Validation, Writing – review & editing. YZH: Formal Analysis, Investigation, Writing – review & editing. KG: Software, Visualization, Writing – review & editing. RL: Methodology, Supervision, Writing – review & editing. YXH: Formal Analysis, Writing – review & editing. YG: Conceptualization, Writing – original draft. ML: Funding acquisition, Resources, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Natural Science Foundation of Hunan Province (No. 2024JJ7018), the Changde Science and Technology Board (No. 2023YD30), the Changde City Science and Technology Innovation Guidance Project (2023ZD106).




Acknowledgments

Thanks to the Hunan Provincial Natural Science Foundation Project, the Changde Municipal Science and Technology Bureau project, the Project of Changde City Science and Technology Innovation Guidance Project for the funding of this research.





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1557802/full#supplementary-material



Abbreviations



CHI3L1, chitinase 3-like 1; WGCNA, weighted gene coexpression network analysis; PPI, protein–protein interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; AUC, area under the curve; ROC, receiver operating characteristic; GEO, Gene Expression Omnibus; OS, overall survival; PFS, progression-free survival; ME, module eigenvalue; PBMC, peripheral blood mononuclear cells; ELISA, enzyme-linked immunosorbent assay; CI, confidence interval; HR, hazard ratio; r, correlation coefficient; BPs, biological processes; CCs, cellular components; MFs, molecular functions; CTCL, cutaneous T-cell lymphoma; HCC, hepatocellular carcinoma; DLBCL, B lymphoma cell line; PTCL, peripheral T-cell lymphoma.




References

1. Zhou, Y, Zhang, X, Qin, H, Zhao, Z, Li, J, Zhang, B, et al. Prognostic values of baseline (18)F-FDG PET/CT in patients with peripheral T-cell lymphoma. BioMed Res Int. (2020) 2020:9746716. doi: 10.1155/2020/9746716

2. Zhao, H, Kan, Y, Wang, X, Chen, L, Ge, P, and Qian, Z. Genetic polymorphism and transcriptional regulation of CREBBP gene in patient with diffuse large B-cell lymphoma. Biosci Rep. (2019) 39:BSR20191162. doi: 10.1042/BSR20191162

3. Tahri, S, Alaoui, H, Bachir, H, Hamaz, S, and Serraj, K. Chronic inflammatory orbitopathy hiding orbital lymphoma. Cureus. (2022) 14:e23040. doi: 10.7759/cureus.23040

4. Sehn, LH, and Salles, G. Diffuse large B-cell lymphoma. N Engl J Med. (2021) 384:842–58. doi: 10.1056/NEJMra2027612

5. Dahi, PB, Lazarus, HM, Sauter, CS, and Giralt, SA. Strategies to improve outcomes of autologous hematopoietic cell transplant in lymphoma. Bone Marrow Transplant. (2019) 54:943–60. doi: 10.1038/s41409-018-0378-z

6. Zhao, T, Su, Z, Li, Y, Zhang, X, and You, Q. Chitinase-3 like-protein-1 function and its role in diseases. Signal Transduct Target Ther. (2020) 5:201. doi: 10.1038/s41392-020-00303-7

7. Hakala, BE, White, C, and Recklies, AD. Human cartilage gp-39, a major secretory product of articular chondrocytes and synovial cells, is a mammalian member of a chitinase protein family. J Biol Chem. (1993) 268:25803–10. doi: 10.1016/S0021-9258(19)74461-5

8. He, CH, Lee, CG, Dela Cruz, CS, Lee, CM, Zhou, Y, Ahangari, F, et al. Chitinase 3-like 1 regulates cellular and tissue responses via IL-13 receptor α2. Cell Rep. (2013) 4:830–41. doi: 10.1016/j.celrep.2013.07.032

9. Sun, X, Nakajima, E, Norbrun, C, Sorkhdini, P, Yang, AX, Yang, D, et al. Chitinase 3 like 1 contributes to the development of pulmonary vascular remodeling in pulmonary hypertension. JCI Insight. (2022) 7:e159578. doi: 10.1172/jci.insight.159578

10. Xu, N, Bo, Q, Shao, R, Liang, J, Zhai, Y, Yang, S, et al. Chitinase-3-like-1 promotes M2 macrophage differentiation and induces choroidal neovascularization in neovascular age-related macular degeneration. Invest Ophthalmol Vis Sci. (2019) 60:4596–605. doi: 10.1167/iovs.19-27493

11. Bergmann, OJ, Johansen, JS, Klausen, TW, Mylin, AK, Kristensen, JS, Kjeldsen, E, et al. High serum concentration of YKL-40 is associated with short survival in patients with acute myeloid leukemia. Clin Cancer Res. (2005) 11:8644–52. doi: 10.1158/1078-0432.CCR-05-1317

12. Wang, B, Chen, K, Gao, M, Sun, X, He, W, Chen, J, et al. Chitinase 3-like 1 expression associated with lymphatic metastasis and prognosis in urothelial carcinoma of the bladder. Clin Transl Immunol. (2024) 13:e1505. doi: 10.1002/cti2.v13.4

13. Wang, S, Chen, S, Jin, M, Hu, M, Huang, W, Jiang, Z, et al. Diagnostic and prognostic value of serum Chitinase 3-like protein 1 in hepatocellular carcinoma. J Clin Lab Anal. (2022) 36:e24234. doi: 10.1002/jcla.24234

14. Qiu, QC, Wang, L, Jin, SS, Liu, GF, Liu, J, Ma, L, et al. CHI3L1 promotes tumor progression by activating TGF-β signaling pathway in hepatocellular carcinoma. Sci Rep. (2018) 8:15029. doi: 10.1038/s41598-018-33239-8

15. Pelloski, CE, Mahajan, A, Maor, M, Chang, EL, Woo, S, Gilbert, M, et al. YKL-40 expression is associated with poorer response to radiation and shorter overall survival in glioblastoma. Clin Cancer Res. (2005) 11:3326–34. doi: 10.1158/1078-0432.CCR-04-1765

16. Ma, YF, He, LM, Wu, Q, Ma, YF, and Wang, XQ. Detection of chitinase 3-like 1 combined with other biomarkers for diagnosis of pancreatic cancer. Nan Fang Yi Ke Da Xue Xue Bao. (2018) 38:450–4.  doi: 10.3969/j.issn.1673-4254.2018.04.13

17. Li, H, Zhou, X, Zhang, H, Jiang, J, Fu, H, and Wang, F. Combined efficacy of CXCL5, STC2, and CHI3L1 in the diagnosis of colorectal cancer. J Oncol. (2022) 2022:7271514. doi: 10.1155/2022/7271514

18. Geng, B, Pan, J, Zhao, T, Ji, J, Zhang, C, Che, Y, et al. Chitinase 3-like 1-CD44 interaction promotes metastasis and epithelial-to-mesenchymal transition through β-catenin/Erk/Akt signaling in gastric cancer. J Exp Clin Cancer Res. (2018) 37:208. doi: 10.1186/s13046-018-0876-2

19. Wang, Z, Wang, S, Jia, Z, Hu, Y, Cao, D, Yang, M, et al. YKL-40 derived from infiltrating macrophages cooperates with GDF15 to establish an immune suppressive microenvironment in gallbladder cancer. Cancer Lett. (2023) 563:216184. doi: 10.1016/j.canlet.2023.216184

20. Dela Cruz, CS, Liu, W, He, CH, Jacoby, A, Gornitzky, A, Ma, B, et al. Chitinase 3-like-1 promotes Streptococcus pneumoniae killing and augments host tolerance to lung antibacterial responses. Cell Host Microbe. (2012) 12:34–46. doi: 10.1016/j.chom.2012.05.017

21. Yu, JE, Yeo, IJ, Han, SB, Yun, J, Kim, B, Yong, YJ, et al. Significance of chitinase-3-like protein 1 in the pathogenesis of inflammatory diseases and cancer. Exp Mol Med. (2024) 56:1–18. doi: 10.1038/s12276-023-01131-9

22. Chen, CC, Llado, V, Eurich, K, Tran, HT, and Mizoguchi, E. Carbohydrate-binding motif in chitinase 3-like 1 (CHI3L1/YKL-40) specifically activates Akt signaling pathway in colonic epithelial cells. Clin Immunol. (2011) 140:268–75. doi: 10.1016/j.clim.2011.04.007

23. Suzuki, H, Boki, H, Kamijo, H, Nakajima, R, Oka, T, Shishido-Takahashi, N, et al. YKL-40 promotes proliferation of cutaneous T-cell lymphoma tumor cells through extracellular signal-regulated kinase pathways. J Invest Dermatol. (2020) 140:860–8.e3. doi: 10.1016/j.jid.2019.09.007

24. Areshkov, PO, Avdieiev, SS, Balynska, OV, Leroith, D, and Kavsan, VM. Two closely related human members of chitinase-like family, CHI3L1 and CHI3L2, activate ERK1/2 in 293 and U373 cells but have the different influence on cell proliferation. Int J Biol Sci. (2012) 8:39–48. doi: 10.7150/ijbs.8.39

25. Chen, Y, Zhang, S, Wang, Q, and Zhang, X. Tumor-recruited M2 macrophages promote gastric and breast cancer metastasis via M2 macrophage-secreted CHI3L1 protein. J Hematol Oncol. (2017) 10:36. doi: 10.1186/s13045-017-0408-0

26. Liu, K, Jin, M, Ye, S, and Yan, S. CHI3L1 promotes proliferation and improves sensitivity to cetuximab in colon cancer cells by down-regulating p53. J Clin Lab Anal. (2020) 34:e23026. doi: 10.1002/jcla.23026

27. Dupont, J, Tanwar, MK, Thaler, HT, Fleisher, M, Kauff, N, Hensley, ML, et al. Early detection and prognosis of ovarian cancer using serum YKL-40. J Clin Oncol. (2004) 22:3330–9. doi: 10.1200/JCO.2004.09.112

28. Shao, R, Cao, QJ, Arenas, RB, Bigelow, C, Bentley, B, and Yan, W. Breast cancer expression of YKL-40 correlates with tumour grade, poor differentiation, and other cancer markers. Br J Cancer. (2011) 105:1203–9. doi: 10.1038/bjc.2011.347

29. Wang, XW, Cai, CL, Xu, JM, Jin, H, and Xu, ZY. Increased expression of chitinase 3-like 1 is a prognosis marker for non-small cell lung cancer correlated with tumor angiogenesis. Tumour Biol. (2015) 36:901–7. doi: 10.1007/s13277-014-2690-6

30. Yu, JE, Yeo, IJ, Son, DJ, Yun, J, Han, SB, and Hong, JT. Anti-Chi3L1 antibody suppresses lung tumor growth and metastasis through inhibition of M2 polarization. Mol Oncol. (2022) 16:2214–34. doi: 10.1002/1878-0261.13152

31. Chiang, YC, Lin, HW, Chang, CF, Chang, MC, Fu, CF, Chen, TC, et al. Overexpression of CHI3L1 is associated with chemoresistance and poor outcome of epithelial ovarian carcinoma. Oncotarget. (2015) 6:39740–55. doi: 10.18632/oncotarget.v6i37

32. Kamba, A, Lee, IA, and Mizoguchi, E. Potential association between TLR4 and chitinase 3-like 1 (CHI3L1/YKL-40) signaling on colonic epithelial cells in inflammatory bowel disease and colitis-associated cancer. Curr Mol Med. (2013) 13:1110–21. doi: 10.2174/1566524011313070006

33. Libreros, S, Garcia-Areas, R, Keating, P, Gazaniga, N, Robinson, P, Humbles, A, et al. Allergen induced pulmonary inflammation enhances mammary tumor growth and metastasis: Role of CHI3L1. J Leukoc Biol. (2015) 97:929–40. doi: 10.1189/jlb.3A0214-114RR

34. Wang, Y, Chen, G, Lin, C, Chen, Y, Huang, M, and Ye, S. Possible mechanism of CHI3L1 promoting tonsil lymphocytes proliferation in children with obstructive sleep apnea syndrome. Pediatr Res. (2022) 91:1099–105. doi: 10.1038/s41390-021-01907-7

35. Liu, D, Hu, X, Ding, X, Li, M, and Ding, L. Inflammatory effects and regulatory mechanisms of chitinase-3-like-1 in multiple human body systems: A comprehensive review. Int J Mol Sci. (2024) 25:13437. doi: 10.3390/ijms252413437




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 © 2025 Wang, Tang, Luo, Liang, Huang, Guo, Liu, He, Gao and Lei. 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/Images/fimmu-16-1557802-g008.jpg
0

10

200

S —
= A

80
20

APADISUIG

S
gl < v,
—

I'TSTHD JO [9A9] uoissaadxa aAney

100

80

60

40
100% - Specificity

20

Patient

Control





OEBPS/Images/fimmu-16-1557802-g001.jpg
Invasive lymphoma patients who received treatment and retained peripheral blood
samples at the First People's Hospital of Changde City from May 2021 to October 2022

Inclusion criteria:
1) confirmed diagnosis of aggressive lymphoma according to the 2022 Revised Chinese

Guidelines for the Treatment of Lymphoma;

2) age 218;

3) signed informed consent form

Exclusion criteria:

1)severe infection, chronic liver disease or renal insufficiency;
2)autoimmune disease, immunodeficiency or immunosuppression;
3)other malignancies or organ failure ;

4)other hematological diseases

Patients diagnosed with
lymphoma for the first time,

Lymphoma patients meeting the criteria were
screened out, n=184 n=92

international staging system

Stagel, n=16 Stagell, n=70 Stagelll, n=39 Stage IV, n=59





OEBPS/Images/fimmu-16-1557802-g006.jpg
A

@ Down regulated(2249)

Not sig(19943) @ Up regulated(1328)

641

IS
S
:

-logio(Pvalue)

[\
.J:-
L

Scale FreeTopology Model Fit,signedR"2

164

log, (Fold Change) E ‘

Tumor_vs_Normal Distance F

.

00 05 1.0 15

orangered4
magenta
brown
black

darkorange2

Dynamic Tree Cut | | |
Merge Dynamic ‘

Module genes Differentially expressed genes

]
HE ER
HENN
HENEN

{Illl

© HEE .
NEENEEETE N
[
| [ |

darkorange
blue
lightcyan

N lllL.
HEE

5

015 20 25 30
Soft threshold (power)

3000

2500

[
=1
S
S

Mean Connectivity
73
=3
(=]

1000

500

.. B9.2268
0 %0000

0 5 10 15

20 25 30

Soft threshold (power)

0.01(0.85)
0.24 (1.0E-03)
024 (1.2E-03) |
0.01(0.92) -0.20 (0.01)
Group (Tumor) CHI3L1

violet

0.5
ivory
magenta 0

floralwhite
orangered4 I -0.5
black
darkmagenta
brown
darkorange2
skyblue
lightcyanl
red

yellow
orange
paleturquoise

darkorange





OEBPS/Images/fimmu-16-1557802-g003.jpg
2
@
=
&
-1
w
*
=
2
©
o0
=
b
w
o ° @« et o~ ° ® 3 =3 =3
) =3 - o - w, ~ ° < ~N
- =3 =3 = w, L} Aal
® + | - PAI TV wnaog
PAWIHA'T Wnog
]
l
B
&
=
g
12}
*
*
*
*
=
L
=
o
g
-
w
° ® 4
PO § mnng PAd] qH wnag

{3
H
©
o0
s
k]
w

*

*

*
=
1
o
v
o0
s
g
w

=3 =) % T T
8 S a = o

PAJ] T'TEIHD WIS PAd] &) wnpg

2.0

1.5

Stage Il ~ IV

Stage I~ I

Stage Il ~ IV

Stage I~ II

Stage Il ~ IV

Stage I~ I





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Abnormally high expression of CHI3L1 in peripheral blood mononuclear cells and serum and their potential diagnosis and prediction from lymphoma patients

      

        		

          Aim

        



        		

          Methodology

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Clinical information

          



          		

            2.2 Expression of the CHI3L1 protein in the serum of patients with aggressive lymphoma as determined by ELISA

          



          		

            2.3 Bioinformatics analysis

          

            		

              2.3.1 Data acquisition and preprocessing

            



            		

              2.3.2 Differential CHI3L1 expression and prognostic analysis

            



            		

              2.3.3 Screening of genes associated with CHI3L1 expression in lymphoma

            



            		

              2.3.4 PPI network analysis and functional enrichment analysis

            



          



          



          		

            2.4 Expression of the CHI3L1 gene in the PBMCs of patients with aggressive lymphoma measured via RT–qPCR

          



          		

            2.5 Statistical analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Analysis of serum CHI3L1 expression and other clinical parameters in invasive lymphoma

          



          		

            3.2 Serum CHI3L1 levels and other clinical indicators in lymphoma patients: association with disease staging

          



          		

            3.3 Elevated CHI3L1 levels are associated with poor prognosis and reduced OS in aggressive lymphoma

          



          		

            3.4 Elevated CHI3L1 expression: a diagnostic and prognostic biomarker in lymphoma

          



          		

            3.5 Screening of genes associated with CHI3L1 in lymphomas

          



          		

            3.6 PPI network analysis and functional enrichment analysis

          



          		

            3.7 The level of CHI3L1 gene expression in the PBMCs of lymphoma patients is greater than that in the PBMCs of healthy individuals

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2025.1557802_cover.jpg
& frontiers | Frontiers in Immunology

Abnormally high expression of CHI3L1 in
peripheral blood mononuclear cells and
serum and their potential diagnosis and

prediction from lymphoma patients





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1557802-g002.jpg
Serum CHI3L1 level

Cr

1000

100

% % % %

600

400

200

Control

400 600
CHI3L1

Patient

=0.1516
P=0.0400

800 1000

B 2-MG

20

10

w

200

200

400 600
CHI3L1

1=0.4913
P<0.0001

800

1000

r=-0.3313
P<0.0001

800

1000

LDH

C

5000
4000
3000
2000

1000

200

400 600
CHI3L1

400 600
CHI3L1

800

1000

=0.06319

P=0.3941

800

1000





OEBPS/Images/fimmu-16-1557802-g007.jpg
WDG)S
FCi
TMEM17
ZNF835

%

SEPTIN1O / '\
<7

CCRS5 chemokine receptor binding
Calcium ion binding

Protease binding

Zinc ion binding

Serine—type endopeptidase activity

4
GYG1 pop,

H
Fad” me:‘mmm

C

W

O1TMEDS FBLL1~Gee1 PROMEWDFYSRP!

TNF signaling pathway

Cytokine—cytokine receptor interaction

Leukocyte transendothelial migration

PD-L1 expression and PD—1 checkpoint pathway in cancer

Porphyrin metabolism

1.0

\ |
ATP1B|
“\ . IP1

X\

Jay -

Inflammatory response 4 Extracellular exosome -
Signal transduction - Extracellular space 4
Cellular response to zinc ion4{ @ Extracellular region 4
—logo(pvalue)
Apoptotic process - —logy(pvalue) Lysosomeq @ .
7
Detoxification of copper ion4| @ Lysosomal membrane - [ ] 6
6
Cellular response to chemical stimulus 4 ® Cell surface @ 3
5 4
Cellular response to cadmium ion{ @ Cytoplasmic vesicle{ @ 3
4
Defense response to virus - [ ] Plasma membrane - ‘
5 3 . . count
Cell surface receptor signaling pathway - o count Endoplasmic reticulum lumen4 @ °
25
. . 10
Cellular response to lipopolysaccharide 4 : Intracellular membrane—bounded organelle § @ @® 50
20
Cellular response to copper ion- @ . 30 Cytosol - .1 . 75
100
Cellular response to interferon—gamma . 40 Perinuclear region of cytoplasm - [ ] : 125
Positive regulation of chemokine production{ @ Cytolytic granule | ®
Natural killer cell mediated cytotoxicity { @ Azurophil granule lumen- @
Type I interferon signaling pathway{ @ Endoplasmic reticulum - [ ]
25 50 10.0 0 10
Identical protein binding Mineral absorption
Protein binding Toll-like receptor signaling pathway
Extracellular matrix structural constituent Lysosome
—logio(pvalue)
Collagen binding Chemokine signaling pathway
o —log;o(pvalue) ) o . . . . 5
Macromolecular complex binding Viral protein interaction with cytokine and cytokine receptor
4
6
Chemokine activity 5 Chagas disease 3
Protein self—association 4 Cytosolic DNA—sensing pathway 2
3
Protein homodimerization activity 5 Complement and coagulation cascades
. L ) ) o o count
CXCR3 chemokine receptor binding AGE-RAGE signaling pathway in diabetic complications
ion bindi count ) o ¢ 4
Copper ion binding NOD-like receptor signaling pathway ® s

8.5





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-16-1557802-g004.jpg
A

Features p-value Hazard Ratio(95%Cl)
CHI3L1 6.6e-7 . 1.00(1.00-1.01)
LDH 1.6e-4 . 1.00(1.00-1.00)
p2-MG 4.9e-3 bronomoomanengnad @:znozsemeronnse 1 1.15(1.04-1.27)
Creatinine 0.01 ﬂ 1.01(1.00-1.01)

0.05 0.10 0.15 0.20 0.25 0.30

log2(Hazard Ratio(95%Cl))

10] | 10] 19 Creatnine
- L
v .
o os] os]
z 2z z
o4 Sos Sos.
H H :
o3 | o3
106 pe1e7 pe27es
00 HR=3.98,95C1%(2.08.7.63) 00 HR=6.05,95C1%(2.77,13.20) 00 HR=3.68.95C1%(1.92,7.07)
o 10 20 30 40 3 10 20 30 0 o 10 20 30 )
o5 o 0s
10 10 Hb. ln] Ca
u u
LE L1
as o o5
z z z
3 3 :
£os £os £s
g H H
o3 o o2
pe002 p-016 pe024
00 HR=0.46,95C1%(0.23,0.91) 00 HR=1.62,95CI%(0.82.3.17) 00 HR=0.69,95C1%(0.37,1.29)
Lo UL N O
3 = £ % = T i ) % T T 0 £ % T
o5 o 0s

C

. Survival Nomogram
Points
0 20 40 60 80 700
CHI3L1 “.—-.—.———0—-
7 7 7
LDH ———
7260 2 z
B2.MG -‘—‘"‘Q
- a—
Creatinine }._
6 a00
Total points
.*—-—.—.— —_——
4 i 7 80
Pr( Time.day < 10954 0% 03 08 ] 057 0953 0999
Pri Time.day < 730 §o 05 07 055 054 088 0995
Fr(.Time.day < 365 o5 [AFEENAL 03 o5 07 ]
o —r e 10
24 — 12-month
— 24-month 5
— 36-month
=
S, % 0.8
x
®
3
= % %
{% 5 . g°°
8 @ ]
g,
g s $o.a
w
3 W
¥
- 0.2
S Time:AUC(95%Cl)
~——365:0.77(0.92-0.63)
~+730:0.79(0.89-0.69)
g = ——1095:0.73(0.86-0.6)
T T T T T T T 0.0
03 04 05 06 07 08 09 10 0.0 02 0.4 0.6 L 1L

Nomogram-prediced OS (%)

1-Specificities





OEBPS/Images/fimmu-16-1557802-g005.jpg
CHI3L1

Sensitivity

A

Group & Tumor &/ Normal Group & Tumor 7 Normal
12,54 9.7e-07 l.le-14
.
¢ 125
o
o B
100 .. l.:
o 10.0
75 > e jat]
." '_... 5 s
b
T g
5.0 i i %
& s
els 3
= 25
= Tumor Normal ’
Group
% |
<
22
z
Z
=
L
@ S
o
AUC (95%CI) AUC (95%CT)
o | — 0.99 (1.00-0.99) s —0.93 (0.97-0.90)
<

T T T T T
0.2 04 0.6 0.8 1.0

1 — Specificity

0.0

02 04 0.6 08 10
1 — Specificity

CHI3L1

Survival probability

Group & Tumor = Normal
2.22e-16

084

=
N

=
L

p=1.7e-5

00 HR=2.0295C1% (1.46,2.80) 123399

1806.66

CHI3LI
W Low
W High

L . S— |

0

622 1244
Time/day

1,866

Sensitivity

04

Sensitivities

1.0

0.8

0.6

0.2

0.0

AUC (95%CI)
= 0.92(0.98-0.97)

04 0.6 08 1.0

1 — Specificity

00

0.2

Time:AUC (95%CI)
0.79 (0.92-0.66)
= 1095:0.62 (0.69-0.5)
— 1825:0.62 (0.71-0.5)

— 3

04 0.6 0.8
1-Specificities

10





OEBPS/Images/table1.jpg
CHI3L1 CHI3L1 X p
low high value value
expression expression
group group
(<106.7) (>106.7)
(n=127) (n=57)
Gender, n (%) 0.188 0.664
male 69 (37.5) 29 (15.8)
female 58 (31.5) 28 (15.2)
Age, n (%) 8.736 0.003
260 years old 57 (31.0) 39 (21.2)
<60 years old 70 (38.0) 18 (9.8)
B-MG, n (%) 42.610 0.000
>2.62 31 (16.8) 43 (23.4)
<2.62 96 (52.2) 14 (7.6)
LDH, n (%) 19.447 0.000
>248 31 (16.8) 33 (17.9)
<248 96 (52.2) 24 (13.0)
Hb, (g/L) 13254 0.000
=106 95 (51.6) 27 (14.7)
<106 32 (17.4) 30 (16.3)
PLT, (1079/L) 0.015 0.902
=199 48 (26.1) 21 (114)
<199 79 (42.9) 36 (19.6)
TCa, (mmol/L) 4.626 0.031
>2.25 73 (39.7) 23 (12.5)
<225 54 (29.3) 34 (18.5)
Cr, (umol/L) 5313 0.021
>72 32 (17.4) 24 (13.0)
<72 95 (51.6) 33 (17.9)
Ann Arbor staging, 11.562 0.001
n (%)
I-11 70 (38.0) 16 (8.7)
-1V 57 (31.0) 41 (22.3)
symptom, n (%) 5.829 0.016
with group 45 (24.5) 31 (16.8)
B symptoms
without group 82 (44.6) 26 (14.1)
B symptoms
IPI score, n (%) 13.990 0.000
>2 33 (17.9) 31 (16.8)
;) 94 (51.1) 26 (14.1)






