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Purpose: Lacrimal gland benign lymphoepithelial lesion (LGBLEL) is an IgG4-related disease of unknown etiology with a risk for malignant transformation. Estrogen is considered to be related to LGBLEL onset.

Methods: Seventy-eight LGBLEL and 13 control clinical samples were collected and studied to determine the relationship between estrogen and its receptors and LGBLEL development.

Results: The serological analysis revealed no significant differences in the levels of three estrogens be-tween the LGBLEL and control groups. However, immunohistochemical analyses indicated that the expression levels of ERβ and its downstream receptor RERG were relatively lower in LGBLEL samples than in control samples, with higher expression in the lacrimal gland and lower expression in the lymphocyte infiltration region. However, low expression of ERα was detected. The transcriptome sequence analysis revealed upregulated genes associated with LGBLEL enriched in lymphocyte proliferation and activation function; downregulated genes were enriched in epithelial and vascular proliferation functions. The key genes and gene networks were further analyzed. Interactions between B cells and epithelial cells were analyzed due to the identified involvement of leukocyte subsets and epithelial cells. B cell proliferation was found to potentially contribute to lacrimal gland apoptosis.

Conclusion: Therefore, the tissue-heterogeneous expression pattern of ERβ is potentially related to the clinical manifestations and progression of LGBLEL, although further investigations are required to confirm this finding.
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1. Introduction

Lacrimal gland benign lymphoepithelial lesion (LGBLEL), also known as Mickulicz’s disease, is characterized by the diffuse infiltration of lymphocytes and plasma cells into the lacrimal gland tissue, the atrophy and disappearance of glands, and excessive fibrosis (1, 2). Typical symptoms of LGBLEL are bilateral swelling of eyelids and diffuse enlargement of the lacrimal glands, potentially related to immunoglobulin G4 (IgG4)-positive plasma cell infiltration into the affected tissues (3, 4). The etiology of this disease remains unclear; however, B cell proliferation and BCR signaling activation (1) could contribute to lacrimal gland tissue hypoplasia and IgG4 production, similar to the effects observed in Sjogren’s syndrome (5).

Clinically, LGBLEL tends to affect middle-aged women, whose estrogen levels are declining, especially after menopause (6). Therefore, it is hypothesized that LGBLEL pathogenesis arises from a sex hormone imbalance (7). The three major forms of estrogens are estrone (E1), estradiol (E2), and estriol (E3), among which estradiol (E3) is predominant in non-pregnant women (8). Estrogens mainly act by binding to two specific receptors (ERs), ERα and ERβ (8–10). ERα has been comprehensively studied for several decades, and it is predominantly expressed in major organs, such as most female reproductive organs (9), the liver (11), the pituitary gland (12), and the hypothalamus (12). ERα is also expressed in bones (13). However, ERβ is expressed in fewer tissues, such as the ovary (14), lung (11), adult cerebellum (15), and gastrointestinal tract (11).

ERα has been well-studied in tumorigenesis, and ERβ has been found to be involved in tumor development regulation. Specifically, ERα typically acts as an oncogene, while ERβ is a tumor suppressor (16). ERβ has been shown to be expressed at significantly higher levels in normal ovarian tissues than in ovarian carcinomas (17, 18). ERβ is the predominant ER expressed in colon tissues, and its loss has been associated with advanced colon cancer (19). Notably, the ER receptor pathway is also involved in B lymphocyte function enhancement, representing a promising target for anti-autoimmunity or anti-tumor therapy (20). Though normal human peripheral blood cells express both ERα and ERβ, B-cell malignancies express mainly ERβ (21), and selective ERβ agonists inhibit cell growth and induce apoptosis (21). Therefore, ERβ could play an important role in B cell tumorigenesis. Estrogens deficiency could lead to the lacrimal gland apoptosis, necrosis, and lymphocytic infiltration (22). As ERβ has been shown to be predominantly expressed in the lacrimal gland (23), and involved in the functions of lymphocytes, especially B cells, it might also be involved in LGBLEL pathogenesis.

In our study, by serological, histological, and transcriptome analyses of LGBLEL clinical samples, we uncovered the possible link between the multiple functions of ERβ and LGBLEL. We found no significant changes in whole-body estrogen levels or ERα expression levels in affected tissues in LGBLEL patients. However, the ERβ expression was observed to be tissue specific. In the lacrimal gland region of LGBLEL, ERβ was highly expressed, while relatively lower expressed in the lymphocytic infiltration region. These findings may explain the clinical features of lymphocyte proliferation and infiltration and lacrimal gland atrophy in LGBLEL, providing clues for the clinical diagnosis and treatment of LGBLEL.



2. Materials and methods


2.1. Study subject

Orbital tissue biopsy and blood serum from patients with LGBLEL, CH, and LGP were collected immediately after surgery. A portion of the collected tissues was stored in liquid nitrogen until subsequent assays; the rest of the collected tissues were fixed in formalin, embedded in paraffin, cut into 5 μm sections for downstream histological analysis. The collected serum was stored in −80°C for further assessment.



2.2. Immunohistochemistry (IHC)

For IHC staining, sections were deparaffinized and rehydrated with a histoclear/alcohol series and antigen retrieval was performed by boiling in 1 × citrate antigen retrieval buffer (Vector), endogenous peroxidases were blocked by treating slides with 3% hydrogen peroxide for 15 min at room temperature. Slides were blocked in PBS with 5% normal goat serum (Bioss, C0005) and primary antibody staining was performed overnight in PBS with 1% goat serum at 4 °C. The following primary antibodies were used: Mouse anti-ER alpha (ESR1, 1:200, Novus, NB200-560), Mouse anti-ER beta (ESR2, 1:200, Novus, NB200-305), Mouse anti-CD19 (1:1,000, Proteintech, 66298-1-Ig), Mouse anti-Ki67 (1:1,000, CST, 9449), Rabbit anti-RERG (1:20, Proteintech, 10687-1-AP), and Anti-8-OHdG (1:200, Bioss, 1278R). Further labeling with specific secondary antibodies for DAB staining was performed using the HRP-conjugated Goat Anti-Rabbit/Mouse IgG Polymer Peroxidase Detection Kit (ZSGB-BIO, PV-6001/6002) for 1 h at room temperature and developed with DAB reagent (CST, 80059S). Sections were counterstained with haematoxylin (ZSGB-BIO, ZLI-9610) and mounted with neutral gum (ZSGB-BIO, ZLI-9555) after dehydration.

Semiquantitative IHC analysis of ERα ERβ and RERG expression was conducted by the H-scoring system. The H-score was calculated as: 3 × percentage contribution of High Positive + 2 × percentage contribution of Positive + 1 × percentage contribution of Low positive. The percentage contribution was analyzed using IHC Profiler of ImageJ software (ver. 2.1.0). The total H-score per sample therefore ranged from 0 to 300. H-scores were classified as negative (0–50), weakly positive (51–100), moderately positive (101–200), or strongly positive (201–300). At least 5 random visual fields were counted for each group and then differences were analyzed using t-test.



2.3. Immunofluorescent (IF)

For immunofluorescence analysis, after deparaffinization, rehydration and antigen retrieval. Slides were blocked in PBS with 5% normal goat serum (Bioss, C0005) and were incubated overnight at 4°C with the following antibodies: Rabbit anti-pan-keratin (1:400; Proteintech; 26411-1-AP), Mouse anti-ER beta (1:200, Novus, NB200-305), Rabbit anti-Caspase3 (1:50; Proteintech; 19677-1-AP), and Mouse anti-CD27 (1:1,000, Proteintech, 66298-1-Ig). The sections were next incubated with the following fluorescent secondary antibodies for 1 h at room temperature (Alexa Fluor® 488 Conjugate anti-rabbit IgG (H + L), 1:1,000, CST, 4412S; Alexa Fluor® 594 Conjugate anti-mouse IgG (H + L), 1:500, CST, 8890S). Finally, the nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI) and the sections were examined with a fluorescence microscope. The percentage of positive cells staining positively was analyzed using ImageJ software (ver. 2.1.0).



2.4. Enzyme-linked immunosorbent assay

The following commercial immunoassay kits were used to detect hormone levels present in plasma samples: (estriol, Novus, NBP2-61289; estrone, Abnova, KA1908; estradiol, Abnova, KA0234). A curve-fitting statistical software was used to plot a 4-parameter logistic curve fit to the standards and then calculate results for the all the samples according to the manufacturer’s instructions.



2.5. RNA extraction and quantitative RT-PCR

Total RNA from the collected tissues was isolated with TRIzol reagent (Invitrogen, 15596018). Reverse transcription was performed using the ReverTra Ace® qPCR RT kit (TOYOBO, FSQ-101). Quantitative RT-PCR (qRT-PCR) was performed using the SYBR® Green Realtime PCR Master Mix (TOYOBO, QPK-201). Primer used for qRT-PCR were: RERG forward, 5-TGGTCTACGACATTACTGACCG-3 and reverse, 5-AAGCACAAGCCAATTCTGTGG-3; MMP2 forward, 5-GATACCCCTTTGACGGTAAGGA-3 and reverse, 5-CCTTCT CCCAAGGTCCATAGC-3; VEGFA forward, 5-AGGGCAGAAT CATCACGAAGT-3, and reverse, 5-AGGGTCTCGATTGGAT GGCA-3; PCNA forward, 5-ACACTAAGGGCCGAAGATAACG-3 and reverse, 5-ACAGCATCTCCAATATGGCTGA-3; MMP9 forward, 5-TGTACCGCTATGGTTACACTCG-3 and reverse, 5-GGCAGGGACAGTTGCTTCT-3; and reference gene GAPDH forward, 5-GAAATCCCATCACCATCTTCCAGG-3 and reverse, 5-GAGCCCCAGCCTTCTCCATG-3.



2.6. Microarray analysis

Orbital CH and BLEL tissue biopsies microarray data deposited in gene expression omnibus by Wang and Ma (7) under the accession number GSE76497 were used for genes expression profiling and for functional annotation. Background correction, quantile normalization and summarization of the expression data were performed under GeneSpring version 14.9 (Agilent Technologies). The significant DEGs were selected with a p-value < 0.05 and | FC| ≥ 1. The heatmap was plotted using the “pheatmap” package through the software “R” and the integrated development environment “RStudio” (24), packages found in the repositories CRAN (“The Comprehensive R Archive Network”) (25) and Bioconductor (26) and Z-score normalization (27) was calculated in the heatmap. For functional enrichment analysis, the Metascape (28) web tool was used to query GO processes and KEGG pathway. Protein-Protein Interaction analysis was performed in STRING database (29), CIBERSORT (30) was used to analysis leukocyte subsets through the “R” and the “RStudio,” different cell states in LGBLEL epithelial cells and interactions between B cells and epithelial cells were specifically identified by the EcoTyper web tool (31) based on tissue expression profile, gene functional enrichment was performed by Gene Set Enrichment Analysis (GSEA) (32).



2.7. Statistical analysis

Quantitative data were analyzed using GraphPad Prism v.9 (GraphPad Software, Inc., La Jolla, CA, USA) and are plotted as the mean ± standard error of the mean. For group comparisons, one-way analysis of variance with Bonferroni’s multiple comparison test was used. P < 0.05 was considered to indicate a statistically significant difference.




3. Results


3.1. Clinical features and histological features

A total of 78 LGBLEL and 13 orbital cavernous hemangioma (CH) patients recruited between March 2015 and November 2020 were included in this study. The LGBLEL patient sex ratio was 3.59:1 women to men, and the median age was 48 years (range, 12–70 years; SE, 1.31); the CH patient sex ratio was 6.50:1 women to men, and the median age was 52 years (range, 34–77 years; SE, 3.95). Swelling of lacrimal glands was observed in all study patients, with eyelid swelling in both eyes in approximately 69.23% (54/78) of LGBLEL patients and 7.69% (1/13) of CH patients, which continued for over 6 months in most patients (50/78, 64.10% in LGBLEL; 10/13, 76.92% in CH) (Table 1).


TABLE 1    Summarized clinical information of the study population.
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3.2. Histopathological features and expression levels of estrogen receptors in LGBLEL samples

Histological analysis of paraffin-embedded tissue sections using hematoxylin and eosin (H&E) staining (Figure 1A) showed acinar atrophy, massive lymphocyte infiltration, and different degrees of fibrosis in all LGBLEL specimens. In the control group comprising patients with orbital cavernous hemangioma (CH), a type of blood vessel malformation in which a collection of dilated blood vessels forms a benign tumor, a higher degree of fibrosis and absence of infiltrates were notable.
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FIGURE 1
(A) Hematoxylin and eosin staining showing lymphocytic infiltration in LGBLEL tissues (black arrows), acinar atrophy (green arrows), and the fibrotic area (red arrows). In the CH panel, *indicates dilated blood vessels, while the red arrows indicate cells with fibroblast-like morphology; (B) Immunohistochemistry results for estrogen receptors ERα (red arrows) and ERβ (green arrows) in LGBLEL and control CH; (C) Fluorescence co-localization results of ERβ (red) and the lacrimal gland marker pan-keratin (green); (D) The expression of B lymphocyte marker CD19 in lymphatic cell-infiltrated areas of LGBLEL; (E) The quantitative determination of ERα and ERβ IHC staining; (F) The quantitative determination of the fluorescence co-localization results of ERβ and pan-keratin; (G) Heatmap of gene expression levels in the microarray data related to responses to hormones (GO: 0009725). Scale bar: 20 μm. ***p < 0.001, **p < 0.01.


To characterize the plasma levels of estrogen in the female LGBLEL and CH patients, we first assessed the plasma levels of estrone, estradiol, and estriol by enzyme-linked immunosorbent assay (ELISA) and then divided the patients by age (20–40 years and over 40 years). In addition, the relative expression levels of genes involved in estrogen biosynthesis were analyzed by microarray (Supplementary Figure 1). Our results showed no significant differences in estrone, estriol, or estradiol levels in LGBLEL samples compared to those in CH samples (Supplementary Figure 1A), and no significant age-related differences were observed (Supplementary Figure 1B).

To further explore the response to estrogen in LGBLEL, we first detected the expression of estrogen receptors. The IHC results showed that ERβ [encoded by the estrogen receptor 2 (ESR2) gene] was observed in almost all lacrimal glands and some lymphatic cell-infiltrated areas, ERα [encoded by the estrogen receptor 1 (ESR1) gene] was rarely expressed in the lacrimal glands or lymphatic cell-infiltrated areas in LGBLEL, while ERα and ERβ were both expressed in the vessel wall and fibrotic areas in CH (Figure 1B). According to the H-Score system, the expression of ERβ in LGBLEL was significantly higher than that in CH, and the expression of ERβ in LGBLEL was moderately positive (100 < H-score < 200), which is negative in CH (H-score < 50); ERα expression in both groups was weak positive/negative (H-score < 100) (Figure 1E). To further confirm the expression of ERβ in the lacrimal gland region and whether it is affected by gender, we examined the fluorescence colocalization of the lacrimal gland marker pan-keratin with ERβ in female and male LGBLEL and CH. In LGBLEL, ERβ was expressed at the location of pan-keratin fluorescence signal in female and male, while in CH, there was no pan-keratin fluorescence signal due to the absence of the lacrimal gland. Fluorescence signals for ERβ were also detected in lymphatic cell-infiltrated areas (Figure 1C). The ratio of ERβ+/pan+ in pan+ cells and ERβ+ cells in all the observed areas were calculated. The results showed that the ratio of ERβ+/pan+ was high in both female and male LGBLEL. Moreover, ERβ+ was significantly higher in both male and female LGBLEL than in the CH (Figure 1F).

The expression of B lymphocyte marker CD19 confirmed the presence of B lymphocyte infiltration of LGBLEL (Figure 1D).

In addition to evaluating the expression of the two estrogen receptors, ERα and ERβ, we simultaneously examined gene expression levels of response to hormone (GO: 0009725) using microarray data. The heatmap revealed that the expression of 130 genes was downregulated and that of 64 genes were upregulated in LGBLEL compared to that in CH (Figure 1C), among which, growth hormone secretagogue receptor (GHSR), four and a half LIM domains 2 (FHL2), prostate transmembrane protein, androgen induced 1 (PMEPA1), prostaglandin F receptor (PTGFR), prostaglandin-endoperoxide synthase 2 (PTGS2), RAS-like estrogen regulated growth inhibitor (RERG), progesterone receptor (PGR), and growth hormone receptor (GHR) were downregulated in LGBLEL, while other genes, such as prostaglandin D2 synthase (PTGDS) and estrogen-related receptor beta (ESRRB) were upregulated.

For further validation, we examined the expression of ERα and ERβ in the lacrimal gland tissues of patients with lacrimal gland prolapse, an estrogen-independent lesion of the lacrimal gland without lymphatic infiltration, and found that ERα expression was absent and ERβ was expressed at low levels (Supplementary Figure 2).

Based on these results, we investigated the expression of many hormone receptors and proliferation-regulating genes were downregulated in LGBLEL. ERβ was mainly expressed in the lacrimal glands and relatively lower expressed in the areas of lymphocyte infiltration. Thus, high ERβ expression may be a characteristic of LGBLEL and may have different effects on the lacrimal gland and lymphocytes; the inhibition of cell proliferation may be critical in this process.



3.3. Analysis of cell proliferation characteristics in LGBLEL

To better understand the characteristics of lymphocyte infiltration and lacrimal gland atrophy in LGBLEL, we analyzed the DEGs based on expression profile microarray for Gene Ontology (GO) and KEGG terms using Metascape the top 10 significant terms are shown in Supplementary Table 1 and Supplementary Figure 3 and performed a GO slim enrichment analysis using WebGestalt to identify significant biological functions (Figure 2A). Then, 625 genes enriched in cell population proliferation in the biological process (BP) subset were further analyzed by a heatmap, revealing two clusters; in cluster 1, 337 downregulated genes were present in LGBLEL samples compared to CH samples, and in cluster 2, 268 upregulated genes were present (Figure 2B). A GO BP enrichment analysis was performed on the genes in clusters 1 and 2, and the 10 most significant terms are shown in Figure 2C; most of the terms related to epithelial and vascular proliferation were enriched in cluster 1, while most of the terms related to lymphocyte proliferation or activation were enriched in cluster 2. Meanwhile, we also analyzed the fragments per kilobase of transcript per million mapped reads (FPKM) values of several representative genes. The expression levels of TNF and MKI67 in LGBLEL were significantly higher than those in CH, and the expression levels of RERG and VEGFA in LGBLEL were significantly lower than those in CH (Figure 2D). To further confirm these results, we examined the mRNA expression levels of several representative genes in the tissues. The expression levels of RERG, MMP2 and VEGFA in LGBLEL were significantly lower than those in CH, and PCNA and MMP9 in LGBLEL were significantly higher than those in CH (Figure 2E).
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FIGURE 2
(A) Enriched GO slim terms among differentially expressed genes based on expression profile microarray; (B) Heatmap of the 625 genes enriched in cell population proliferation of biological process in the GO slim; (C) The 10 most significant terms of enriched gene ontology in clusters 1 and 2 of the heatmap; (D) Histogram of the FPKM values of the representative genes in the heatmap comparison of LGBLEL and CH; (E) Expression levels of tissues mRNA of the representative genes in the heatmap comparison of LGBLEL and CH. P-values were calculated using a Mann–Whitney test. ***p < 0.001, **p < 0.01, and *p < 0.05.


We observed downregulated genes with functions such as epithelial cell proliferation in LGBLEL compared to CH and upregulated genes associated with lymphocyte proliferation; therefore, to further study the proliferation characteristics of epithelial cells and lymphocytes in LGBLEL, we performed a protein–protein interaction (PPI) analysis of 337 downregulated genes in cluster 1 (Figure 3A), which revealed that 47 genes were enriched in GO: 0050679 (positive regulation of epithelial cell proliferation) (Figure 3B). The PPI analysis of 268 upregulated genes in cluster 1 (Figure 3C) revealed that 37 genes were enriched in GO: 0050671 (positive regulation of lymphocyte proliferation) (Figure 3D). As shown in Figure 3C, the 268 upregulated genes were clearly divided into two clusters: B cell-related (cyan-colored ball) and proliferation-related (red-colored ball) genes. GSEA enrichment analysis further confirmed that up-regulated genes in LGBLEL were related to immune processes, while down-regulated genes were related to angiogenesis processes the top 5 significant GSEA GO and KEGG terms are shown in Supplementary Figure 4 and Supplementary Table 2.
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FIGURE 3
(A) Protein–protein interaction analysis of 337 downregulated genes; (B) Heatmap of the 47 genes were enriched in positive regulation of epithelial cell proliferation (GO: 0050679); (C) PPI analysis of 268 upregulated genes; (D) Heatmap of the 37 genes were enriched in positive regulation of lymphocyte proliferation (GO: 0050671).




3.4. The characteristics of immune cell and epithelial cell characteristics in LGBLEL

To further analyze the characteristics of immune cells in LGBLEL, we used CIBERSORT, a computational framework that accurately infers cell-type abundance and cell type–specific gene expression from RNA profiles of intact tissues (30), to analyze various infiltrating immune cells in LGBLEL and CH using the FPKM values in expression profile microarray data through R Studio. As shown in Figure 4, a total of 18 and 17 major leukocyte subsets were revealed in LGBLEL (Figure 4A) in CH (Figure 4B), respectively. Among them, there were no monocytes in LGBLEL, while naïve B cells and activated CD4 + memory T cells were absent in CH. In addition, we focused on B lymphocyte-associated immune cells and found that memory B cell numbers were significantly higher in LGBLEL than in CH (Figure 4C) and the immunofluorescence results of CD27 showed that there were indeed memory B cells in LGBLEL (Figure 4D), which were significantly higher than CH (Figure 4E). LGBLEL had activated CD4 + T cells and high levels of memory B cells, indicating that an immune process is highly likely to occur in LGBLEL due to the characteristics of lymphocyte infiltration, mainly B lymphocytes. EcoTyper (31) was used to analyze and describe the state of LGBLEL epithelial cells and preliminarily explore the interaction between B cells and epithelial cells using expression profile microarray data. In total, 11 of our 16 LGBLEL microarray samples were enriched in 5 states of epithelial cell (Figure 4F); no enrichment was observed in state 3 (Pro-angiogenic), suggesting that epithelial cells in LGBLEL are immune to EMT-related tumor transformation, except for reduced proliferation. The cell–cell interaction network of different types and states is shown in Figure 4G (31), on the basis of which we screened genes interacting with ligands and epithelial cell receptors in B cells (Figure 4H). Among them, VIP (33), LTB (34), and IL-16 (35) are related to epithelial cell apoptosis, while CCL21 (36), CCL19 and WNT1 are related to tumor fibrosis. This result might provide preliminary data on the pattern of association between B cells and epithelial cells in LGBLEL.
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FIGURE 4
Analysis of immune cell subsets and epithelial cell states using expression profile microarray data: (A) Immune cell subsets of LGBLEL; (B) Immune cell subsets of CH; (C) Cell composition of B cells memory in LGBLEL vs. CH; (D) Tissue immunofluorescence results of memory B cell surface marker CD27 in LGBLEL and CH; (E) The quantitative determination of the tissue immunofluorescence results of CD27; (F) The left heatmap is displayed as a reference to depict the epithelial-specific expression of cell state signature genes across The Cancer Genome Atlas (TCGA) carcinoma samples. The right heatmap depicting the epithelial specific expression of cell state signature genes in the LGBLEL data; (G) Cell state networks for each ecotype (31); (H) B cell ligand and epithelial cell receptor enrichment analysis. **P < 0.006315.




3.5. Expression of proliferation and apoptosis related proteins in LGBELE tissue

Because we observed that, in LGBLEL, increased expression of ERβ and estrogen receptor cell proliferation inhibitor genes, such as RERG RNA reduced and RERG, can inhibit cell proliferation and tumor formation (37), we next evaluated the effect of RERG on the regulation of lymphocyte infiltration and lacrimal gland atrophy in LGBLEL. As shown in Figure 5A, Ki67 was detected in the lymphocyte infiltration area of LGBLEL but not in the lacrimal glands. RERG is highly expressed in almost all LGBLEL lacrimal glands but relatively lower in the lymphocyte infiltration area (Figure 5B) and the H-Score of RERG in LGBLEL was significantly higher than that in CH (Figure 5D). Meanwhile, we measured the expression of 8-OHdG to explore the influence of ERβ and RERG on DNA damage in LGBLEL. As shown in Figure 5C, 8-OHdG positive cells (green arrow) were observed in atrophied lacrimal glands in LGBLEL, and only a few positive cells were found in lymphocyte infiltration areas; in the controls, 8-OHdG was also detected in some lacrimal cells in ERβ-negative LGB and in some fibrocytes in the intervascular fibrous connective tissues of CH (Figure 5C and Supplementary Figure 2). The H-Score of 8-OHdG in LGBLEL was significantly higher than that in CH (Figure 5D). Moreover, the results of immunofluorescence showed that caspase 3 was highly expressed in the lacrimal gland area of LGBLEL, but less in the lymphatic infiltration area. The CH group also had less caspase 3 expression (Figure 5C), but in general, there was no statistically significant difference between the two groups (Figure 5D).
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FIGURE 5
Analysis of cell proliferation and apoptosis characteristics of LGBLEL: (A) Immunohistochemistry results for Ki67 (green arrows), RERG (red arrows), and 8-OHdG (black arrows) in LGBLEL and control CH; (B) Immunofluorescence results of caspase 3 in LGBLEL and CH; (C) The quantitative determination of IHC and IF staining for RERG, 8-OHdG and Caspase 3. Scale bar: 20 μm. P-values were calculated using a Mann–Whitney test. **P < 0.01.


Our results showed that ERβ and RERG are highly expressed in lacrimal glands. Previous studies have demonstrated that ERβ is related to lacrimal cell apoptosis and that RERG can inhibit cell proliferation. Additionally, DNA damage and apoptosis occurred in the lacrimal glands in LGBLEL, consistent with the results of most studies on lacrimal gland atrophy in LGBLEL. Ki67 was only expressed in lymphocyte infiltrating regions, consistent with the results of lymphocyte proliferation demonstrated in Figures 1, 2. These results are highly consistent with the characteristics of lacrimal gland parenchymal atrophy and lymphocyte infiltration in LGBLEL.




4. Discussion

Lacrimal gland benign lymphoepithelial lesion is an IgG4-related autoimmune disorder with unknown pathogenesis that primarily occurs in middle-aged women. Estrogen levels decrease with age, and it is hypothesized that the incidence of LGBLEL is related to an estrogen imbalance. The changes in the expression levels of estrogen and its receptors are often involved in the occurrence and invasiveness of tumors (38). This study expands our knowledge of estrogen receptors and, for the first time, sheds light on the relationship between LGBLEL pathological features and estrogen receptor levels, especially ESR2.

In this study, histological, serological, and transcriptomic analyses of clinical LGBLEL samples revealed that the expression pattern of ERβ was tissue-heterogeneous, with higher expression levels in the lacrimal gland region and lower expression levels in the area of lymphocyte infiltration. Accordingly, LGBLEL showed lacrimal gland atrophy accompanied by lymphocyte proliferation, consistent with the reported clinical manifestations. We also found that RERG, downstream of ERβ, exhibited a similar expression pattern and tissue heterogeneity and, thus, it potentially contributes to lacrimal gland cell apoptosis and lymphocyte proliferation.

The results of our study are not entirely consistent with the conventional view of the role of estrogen and its receptors in cancer. To date, in the study of diseases related to organs of the female reproductive system, many studies on estrogen and its receptors in breast cancer have revealed that sustained high levels of estrogen (endogenous or exogenous) can increase the incidence of breast cancer (39, 40). The main mechanism is that estrogen can promote epithelial cell proliferation (41), and growth and inhibit apoptosis by stimulating the expression of various growth factor genes mediated by abnormal estrogen signaling (42, 43). Additionally, estrogen metabolites can covalently bind to DNA and cause purine mutations that induce breast cancer (44). Similarly, other studies have shown that the lower the expression of ER is, the higher the degree of malignancy will be, as demonstrated by ER-negative breast cancer (45–47). The use of estrogen in postmenopausal women increases the risk of ovarian cancer (48), and the use of estrogen-lowering drugs such as aspirin can reduce this risk (49). The main mechanism is that estrogen induces endothelial cell proliferation and angiogenesis through ER-related pathways, thereby promoting the occurrence and progression of ovarian cancer (50). However, our results showed that high levels of ERβ and the downstream RERG induced epithelial cell apoptosis and lacrimal gland atrophy, while low levels of ERβ and RERG induced lymphocyte proliferation (Figures 1B, 2, 5). Meanwhile, different subtypes of ER have distinct effects on survival: ERβ is associated with tumor suppression and better survival outcomes (51, 52), whereas high expression of ERα is associated with poor survival outcomes (53, 54). This observation is also reflected in our results, as ERα is low or not expressed in LGBLEL, and the dominant location of ERβ (Figure 1B) appears to be one of the reasons that LGBLEL is a benign epithelial tumor.

The results of our study are similar to those found in studies on non-female genital diseases. Estrogen can inhibit the migration of gastric cancer cells by inhibiting MSCS (55) and NF-kB pathways to reduce the activity of gastric cancer cells and induce their apoptosis (56, 57). Both ERα and ERβ are expressed in gastric cancer and normal gastric tissues, but studies have shown that the physiological effect of estrogen in gastric cancer is mainly realized through ERβ-mediated inhibition of tumor cell proliferation and invasion (58). Positive ERα status seems to be related to tumor metastasis and invasion (59); however, there is also evidence that the overexpression of ERα can inhibit the proliferation of tumor cells in vitro (60). Similarly, reduced estrogen levels can significantly exacerbate arthritis (61), and ovariectomy in animal models studies can trigger Sjogren’s syndrome (62).

In our study of LGBLEL, we found that ERβ plays a dominant role in the orbit and is tissue-specific in the background of unchanged estrogen levels, with low expression in the lymphatic infiltration area and high expression in the lacrimal gland.

The proliferation of lymphocytes in LGBLEL is associated with ERβ, and there is evidence that the proliferation of IgG4-secreting plasma cells can lead to local tissue fibrosis and sclerosis (63). Long-term fibrosis will lead to the surrounding lacrimal gland gradually occupying. High ERβ expression in the lacrimal gland area will inhibit the proliferation of lacrimal gland cells, causing lacrimal gland atrophy.

Our study, to some extent, indicates the evolution of LGBLEL. Although LGBLEL is normally a benign inflammatory hyperplastic disease, a small proportion (12.0–14.3%) of LGBLEL develops into a malignant tumor, according to the literature and clinical evidence (2). The terminal stage of the evolved malignant tumor is usually MALT (64), which is related to B lymphocyte proliferation (65). We found that the upregulated genes in LGBLEL were highly enriched in the cell proliferation-associated GO clusters (Figures 2A–C), of which lymphocytes, especially B cells, were highly proliferating and infiltrating (Figures 4A, 5) in the affected lacrimal tissue. However, the lacrimal gland cells underwent apoptosis processes (Figures 4D, F, 5) with no signs of EMT (Figure 4D), indicating a low incidence of malignant epithelial transformation (66, 67). Moreover, in the preliminary exploration of the interaction pattern between B cell and epithelial cell populations in LGBLEL, it was found that certain B cell ligands can interact with receptors on epithelial cells, potentially leading to further lymphocyte proliferation and gland atrophy (Figure 4F). These histological and transcriptome features matched the clinical evidence of inflammatory swelling. Over time, the infiltrating lymphocytes enhance the space occupation of the lacrimal gland and promote lacrimal atrophy. Therefore, the heterogeneity expression of ERβ/RERG could trigger LGBLEL tumor development.

Notably, among the proliferating lymphocytes, the cell proportions of memory B cells and plasma B cells were much higher in the LGBLEL group than in the control group in the immune cell subpopulation analysis (Figures 4A, B). Long-term humoral immunity depends on high-affinity class-switched memory B cells and long-lived antibody-secreting plasma B cells, both of which can produce IgG (68). Thus, the ERβ/RERG-associated B cell proliferation in LGBLEL could potentially explain the origin of this IgG4-related autoimmune orbital disease.

In some epithelial tumors, RERG inhibits tumor cell proliferation, growth, migration, invasion, and angiogenesis by inhibiting the ERK/NF-κB signaling pathway (69). These effects are dependent on estrogen receptors, and ERβ has been found to be enriched in the RERG promoter region (70). In our results, consistency between ERβ and RERG expression levels in tissues was clearly observed and was found to be highly correlated with lacrimal gland cell apoptosis (Figures 1B, 5).

In summary, we demonstrated the tissue-heterogeneous expression pattern of ERβ and its downstream receptor RERG in LGBLEL for the first time. Both estrogen receptors exhibit higher expression levels in the lacrimal gland and lower expression levels in the lymphatic infiltration region, potentially correlating with the clinical outcomes of inflammatory swelling and lacrimal gland atrophy in LGBLEL (Figure 6). The histological results were confirmed by the transcriptome sequencing data; the upregulated genes were enriched in lymphocyte proliferation-related functions, while the epithelial cells were not proliferative. Further data mining revealed that memory B cells and plasma B cells were the most proliferative among all the immune cells, and no EMT was observed in the epithelial tissue of LGBLEL. The gene expression correlation analysis revealed that lacrimal gland apoptosis could be attributed to the B cell infiltration. Although more investigations are still needed to verify the functions and mechanisms of ERβ and RERG in LGBLEL development, we believe that the findings presented here shed light on the potential mechanisms of LGBLEL evolution and progression, providing guiding significance for the clinical diagnosis and treatment of LGBLEL and other IgG4-related diseases.


[image: image]

FIGURE 6
Models of action of ERβ and RERG in epithelial cells and B cells in LGBLEL.




Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE76497: GSE76497.



Ethics statement

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Local Ethics Committee of Beijing Tongren Hospital, Capital Medical University (CHINA, proto-col code TRECKY203-KS-05 and date of approval 28 February 2013). A signed consent was obtained from each patient prior to blood and tissues collection. Written informed consent has been obtained from the patients to publish this paper. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

XZ and PZ: conceptualization and writing–original draft. MM, HW, and RL: data curation. XZ, PZ, MM, HW, RL, ZL, and ZC: formal analysis and methodology. PZ and XM: funding acquisition. XZ: visualization. XZ, ML, FX, and XM: writing–review and editing. All authors have read and agreed to the published version of the manuscript.



Funding

This research was funded by the Natural Science Foundation of Beijing (7222025), the Beijing Hospitals Authority’ Ascent Plan (DFL20190201), and the Beijing New-star Plan of Science and Technology (20220484218).



Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of this manuscript.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1168977/full#supplementary-material



References

1. Wang X, Ge X, Li J, Liu X, Ma JM. B cell receptor signaling pathway involved in benign lymphoepithelial lesions of the lacrimal gland. Int J Ophthalmol. (2017) 10:665–9. doi: 10.18240/ijo.2017.05.01

2. Li J, Liu R, Sun M, Wang J, Wang N, Zhang X, et al. The FcepsilonRI signaling pathway is involved in the pathogenesis of lacrimal gland benign lymphoepithelial lesions as shown by transcriptomic analysis. Sci Rep. (2021) 11:21853. doi: 10.1038/s41598-021-01395-z

3. Yamamoto M, Takahashi H, Sugai S, Imai K. Clinical and pathological characteristics of Mikulicz’s disease (IgG4-related plasmacytic exocrinopathy). Autoimmun Rev. (2005) 4:195–200. doi: 10.1016/j.autrev.2004.10.005

4. Yamamoto M, Takahashi H, Ohara M, Suzuki C, Naishiro Y, Yamamoto H, et al. A new conceptualization for Mikulicz’s disease as an IgG4-related plasmacytic disease. Mod Rheumatol. (2006) 16:335–40. doi: 10.1007/s10165-006-0518-Y

5. Masaki Y, Sugai S. Lymphoproliferative disorders in Sjogren’s syndrome. Autoimmun Rev. (2004) 3:175–82. doi: 10.1016/S1568-9972(03)00102-2

6. Gallicchio L, Visvanathan K, Miller S, Babus J, Lewis L, Zacur H, et al. Body mass, estrogen levels, and hot flashes in midlife women. Am J Obstet Gynecol. (2005) 193:1353–60. doi: 10.1016/j.ajog.2005.04.001

7. Wang X, Ma J. The etiology and pathogenesis of lacrimal benign lymphoepithelial lesion. Int Rev Ophthalmol. (2014) 38:208–11.

8. Hamilton K, Hewitt S, Arao Y, Korach K. Estrogen hormone biology. Curr Top Dev Biol. (2017) 125:109–46. doi: 10.1016/bs.ctdb.2016.12.005

9. Fuentes N, Silveyra P. Estrogen receptor signaling mechanisms. Adv Protein Chem Struct Biol. (2019) 116:135–70. doi: 10.1016/bs.apcsb.2019.01.001

10. Hewitt S, Korach K. Estrogen receptors: new directions in the new millennium. Endocr Rev. (2018) 39:664–75. doi: 10.1210/er.2018-00087

11. Nilsson S, Koehler K, Gustafsson J. Development of subtype-selective oestrogen receptor-based therapeutics. Nat Rev Drug Discov. (2011) 10:778–92. doi: 10.1038/nrd3551

12. Laflamme N, Nappi R, Drolet G, Labrie C, Rivest S. Expression and neuropeptidergic characterization of estrogen receptors (ER? and ER?) throughout the rat brain: anatomical evidence of distinct roles of each subtype. J Neurobiol. (1998) 36:357–78. doi: 10.1002/(sici)1097-4695(19980905)36:3<357::aid-neu5>3.0.co;2-v

13. Rooney A, van der Meulen M. Mouse models to evaluate the role of estrogen receptor alpha in skeletal maintenance and adaptation. Ann N Y Acad Sci. (2017) 1410:85–92. doi: 10.1111/nyas.13523

14. Krege J, Hodgin J, Couse J, Enmark E, Warner M, Mahler J, et al. Generation and reproductive phenotypes of mice lacking estrogen receptor beta. Proc Natl Acad Sci U S A. (1998) 95:15677–82. doi: 10.1073/pnas.95.26.15677

15. Ikeda Y, Nagai A. Differential expression of the estrogen receptors alpha and beta during postnatal development of the rat cerebellum. Brain Res. (2006) 1083:39–49. doi: 10.1016/j.brainres.2006.02.025

16. Hua H, Zhang H, Kong Q, Jiang Y. Mechanisms for estrogen receptor expression in human cancer. Exp Hematol Oncol. (2018) 7:24. doi: 10.1186/s40164-018-0116-7

17. Chuffa L, Lupi-Junior L, Costa A, Amorim J, Seiva F. The role of sex hormones and steroid receptors on female reproductive cancers. Steroids. (2017) 118:93–108. doi: 10.1016/j.steroids.2016.12.011

18. Chan K, Wei N, Liu S, Xiao-Yun L, Cheung A, Ngan H. Estrogen receptor subtypes in ovarian cancer: a clinical correlation. Obstet Gynecol. (2008) 111:144–51. doi: 10.1097/01.AOG.0000296715.07705.e9

19. Stevanato Filho P, Aguiar Junior S, Begnami M, Ferreira F, Nakagawa W, Spencer R, et al. Estrogen receptor beta as a prognostic marker of tumor progression in colorectal cancer with familial adenomatous polyposis and sporadic polyps. Pathol Oncol Res. (2018) 24:533–40. doi: 10.1007/s12253-017-0268-5

20. Seto K, Hoang M, Santos T, Bandyopadhyay M, Kindy M, Dasgupta S. Non-genomic oestrogen receptor signal in B lymphocytes: an approach towards therapeutic interventions for infection, autoimmunity and cancer. Int J Biochem Cell Biol. (2016) 76:115–8. doi: 10.1016/j.biocel.2016.04.018

21. Ladikou E, Kassi E. The emerging role of estrogen in B cell malignancies. Leuk Lymphoma. (2017) 58:528–39. doi: 10.1080/10428194.2016.1213828

22. Azzarolo A, Eihausen H, Schechter J. Estrogen prevention of lacrimal gland cell death and lymphocytic infiltration. Exp Eye Res. (2003) 77:347–54. doi: 10.1016/s0014-4835(03)00120-9

23. Spelsberg H, Klueppel M, Reinhard T, Glaeser M, Niederacher D, Beckmann M, et al. Detection of oestrogen receptors (ER) alpha and beta in conjunctiva, lacrimal gland, and tarsal plates. Eye (Lond). (2004) 18:729–33. doi: 10.1038/sj.eye.6701314

24. R Core Team. R: a Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing (2022).

25. Hornik K. The comprehensive R archive network. WIREs Comput Stat. (2012) 4:394–8. doi: 10.1002/wics.1212

26. Gentleman R, Carey V, Bates D, Bolstad B, Dettling M, Dudoit S, et al. Bioconductor: open software development for computational biology and bioinformatics. Genome Biol. (2004) 5:R80. doi: 10.1186/gb-2004-5-10-r80

27. Jain A, Nandakumar K, Ross A. Score normalization in multimodal biometric systems. Pattern Recogn. (2005) 38:2270–85. doi: 10.1016/j.patcog.2005.01.012

28. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi A, Tanaseichuk O, et al. Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat Commun. (2019) 10:1523. doi: 10.1038/s41467-019-09234-6

29. Szklarczyk D, Gable A, Nastou K, Lyon D, Kirsch R, Pyysalo S, et al. The STRING database in 2021: customizable protein-protein networks, and functional characterization of user-uploaded gene/measurement sets. Nucleic Acids Res. (2021) 49:D605–12. doi: 10.1093/nar/gkaa1074

30. Newman A, Steen C, Liu C, Gentles A, Chaudhuri A, Scherer F, et al. Determining cell type abundance and expression from bulk tissues with digital cytometry. Nat Biotechnol. (2019) 37:773–82. doi: 10.1038/s41587-019-0114-2

31. Luca B, Steen C, Matusiak M, Azizi A, Varma S, Zhu C, et al. Atlas of clinically distinct cell states and ecosystems across human solid tumors. Cell. (2021) 184:5482–5496 e28. doi: 10.1016/j.cell.2021.09.014

32. Mootha V, Lindgren C, Eriksson K, Subramanian A, Sihag S, Lehar J, et al. PGC-1alpha-responsive genes involved in oxidative phosphorylation are coordinately downregulated in human diabetes. Nat Genet. (2003) 34:267–73. doi: 10.1038/ng1180

33. Hauk V, Calafat M, Larocca L, Fraccaroli L, Grasso E, Ramhorst R, et al. Vasoactive intestinal peptide/vasoactive intestinal peptide receptor relative expression in salivary glands as one endogenous modulator of acinar cell apoptosis in a murine model of Sjogren’s syndrome. Clin Exp Immunol. (2011) 166:309–16. doi: 10.1111/j.1365-2249.2011.04478.x

34. Liepinsh D, Kruglov A, Galimov A, Shakhov A, Shebzukhov Y, Kuchmiy A, et al. Accelerated thymic atrophy as a result of elevated homeostatic expression of the genes encoded by the TNF/lymphotoxin cytokine locus. Eur J Immunol. (2009) 39:2906–15. doi: 10.1002/eji.200839191

35. Yadav S, Shi Y, Wang H. IL-16 effects on A549 lung epithelial cells: dependence on CD9 as an IL-16 receptor? J Immunotoxicol. (2010) 7:183–93. doi: 10.3109/15476911003649346

36. Chen Y, Shao Z, Jiang E, Zhou X, Wang L, Wang H, et al. CCL21/CCR7 interaction promotes EMT and enhances the stemness of OSCC via a JAK2/STAT3 signaling pathway. J Cell Physiol. (2020) 235:5995–6009. doi: 10.1002/jcp.29525

37. Finlin B, Gau C, Murphy G, Shao H, Kimel T, Seitz R, et al. RERG is a novel ras-related, estrogen-regulated and growth-inhibitory gene in breast cancer. J Biol Chem. (2001) 276:42259–67. doi: 10.1074/jbc.M105888200

38. Rothenberger N, Somasundaram A, Stabile L. The role of the estrogen pathway in the tumor microenvironment. Int J Mol Sci. (2018) 19:611. doi: 10.3390/ijms19020611

39. Parida S, Sharma D. The microbiome-estrogen connection and breast cancer risk. Cells. (2019) 8:1642. doi: 10.3390/cells8121642

40. Zbiral B, Weber A, Iturri J, Vivanco M, Toca-Herrera J. Estrogen modulates epithelial breast cancer cell mechanics and cell-to-cell contacts. Materials (Basel). (2021) 14:2897. doi: 10.3390/ma14112897

41. Scaling A, Prossnitz E, Hathaway H. GPER mediates estrogen-induced signaling and proliferation in human breast epithelial cells and normal and malignant breast. Horm Cancer. (2014) 5:146–60. doi: 10.1007/s12672-014-0174-1

42. Bai Z, Gust R. Breast cancer, estrogen receptor and ligands. Arch Pharm (Weinheim). (2009) 342:133–49. doi: 10.1002/ardp.200800174

43. Rajapaksa G, Nikolos F, Bado I, Clarke R, Gustafsson J, Thomas C. ERbeta decreases breast cancer cell survival by regulating the IRE1/XBP-1 pathway. Oncogene. (2015) 34:4130–41. doi: 10.1038/onc.2014.343

44. Zhang Q, Aft R, Gross M. Estrogen carcinogenesis: specific identification of estrogen-modified nucleobase in breast tissue from women. Chem Res Toxicol. (2008) 21:1509–13. doi: 10.1021/tx8001737

45. Balduzzi A, Bagnardi V, Rotmensz N, Dellapasqua S, Montagna E, Cardillo A, et al. Survival outcomes in breast cancer patients with low estrogen/progesterone receptor expression. Clin Breast Cancer. (2014) 14:258–64. doi: 10.1016/j.clbc.2013.10.019

46. Paakkola N, Karakatsanis A, Mauri D, Foukakis T, Valachis A. The prognostic and predictive impact of low estrogen receptor expression in early breast cancer: a systematic review and meta-analysis. ESMO Open. (2021) 6:100289. doi: 10.1016/j.esmoop.2021.100289

47. Yoon K, Park Y, Kang E, Kim E, Kim J, Kim S, et al. Effect of estrogen receptor expression level and hormonal therapy on prognosis of early breast cancer. Cancer Res Treat. (2022) 54:1081–90. doi: 10.4143/crt.2021.890

48. Verdoodt F, Kjaer S, Dehlendorff C, Friis S. Aspirin use and ovarian cancer mortality in a Danish nationwide cohort study. Br J Cancer. (2018) 118:611–5. doi: 10.1038/bjc.2017.449

49. Oghazian M, Shirzad N, Ahadi M, Eivazi Adli S, Mollazadeh S, Radfar M. Aspirin versus placebo on estrogen levels in postmenopausal women: a double-blind randomized controlled clinical trial. BMC Pharmacol Toxicol. (2022) 23:31. doi: 10.1186/s40360-022-00571-9

50. Bertl E, Bartsch H, Gerhauser C. Inhibition of angiogenesis and endothelial cell functions are novel sulforaphane-mediated mechanisms in chemoprevention. Mol Cancer Ther. (2006) 5:575–85. doi: 10.1158/1535-7163.MCT-05-0324

51. Halon A, Nowak-Markwitz E, Maciejczyk A, Pudelko M, Gansukh T, Gyorffy B, et al. Loss of estrogen receptor beta expression correlates with shorter overall survival and lack of clinical response to chemotherapy in ovarian cancer patients. Anticancer Res. (2011) 31:711–8.

52. Liu J, Viswanadhapalli S, Garcia L, Zhou M, Nair B, Kost E, et al. Therapeutic utility of natural estrogen receptor beta agonists on ovarian cancer. Oncotarget. (2017) 8:50002–14. doi: 10.18632/oncotarget.18442

53. Bogush T, Basharina A, Bogush E, Scherbakov A, Davydov M, Kosorukov V. The expression and clinical significance of ERbeta/ERalpha in ovarian cancer: can we predict the effectiveness of platinum plus taxane therapy? Ir J Med Sci. (2022) 191:2047–53. doi: 10.1007/s11845-021-02842-6

54. Schlumbrecht M, Xie S, Shipley G, Urbauer D, Broaddus R. Molecular clustering based on ERalpha and EIG121 predicts survival in high-grade serous carcinoma of the ovary/peritoneum. Mod Pathol. (2011) 24:453–62. doi: 10.1038/modpathol.2010.211

55. Liu C, Kuo F, Hu H, Chen C, Huang Y, Cheng K, et al. 17beta-Estradiol inhibition of IL-6-Src and Cas and paxillin pathway suppresses human mesenchymal stem cells-mediated gastric cancer cell motility. Transl Res. (2014) 164:232–43. doi: 10.1016/j.trsl.2014.04.009

56. Zhang Y, Wu Y, Zhou X, Yi B, Wang L. Estrogen receptor beta inhibits the proliferation, migration, and angiogenesis of gastric cancer cells through inhibiting nuclear factor-kappa B signaling. Onco Targets Ther. (2020) 13:6853. doi: 10.2147/OTT.S270074

57. Qin J, Liu M, Ding Q, Ji X, Hao Y, Wu X, et al. The direct effect of estrogen on cell viability and apoptosis in human gastric cancer cells. Mol Cell Biochem. (2014) 395:99–107. doi: 10.1007/s11010-014-2115-2

58. Zhou F, Jin J, Zhou L, Wu L, Cao Y, Yan H, et al. Suppression of estrogen receptor-beta promotes gastric cancer cell apoptosis with induction of autophagy. Am J Transl Res. (2020) 12:4397–409.

59. Zhang D, Ku J, Yi Y, Zhang J, Liu R, Tang N. The prognostic values of estrogen receptor alpha and beta in patients with gastroesophageal cancer: a meta-analysis. Medicine (Baltimore). (2019) 98:e17954. doi: 10.1097/MD.0000000000017954

60. Zhou J, Teng R, Xu C, Wang Q, Guo J, Xu C, et al. Overexpression of ERalpha inhibits proliferation and invasion of MKN28 gastric cancer cells by suppressing beta-catenin. Oncol Rep. (2013) 30:1622–30. doi: 10.3892/or.2013.2610

61. Ziemian S, Ayobami O, Rooney A, Kelly N, Holyoak D, Ross F, et al. Low bone mass resulting from impaired estrogen signaling in bone increases severity of load-induced osteoarthritis in female mice. Bone. (2021) 152:116071. doi: 10.1016/j.bone.2021.116071

62. Mostafa S, Seamon V, Azzarolo A. Influence of sex hormones and genetic predisposition in Sjogren’s syndrome: a new clue to the immunopathogenesis of dry eye disease. Exp Eye Res. (2012) 96:88–97. doi: 10.1016/j.exer.2011.12.016

63. Tian W, Yakirevich E, Matoso A, Gnepp D. IgG4(+) plasma cells in sclerosing variant of mucoepidermoid carcinoma. Am J Surg Pathol. (2012) 36:973–9. doi: 10.1097/PAS.0b013e318258f018

64. Zhu L, Zhang C, Hua Y, Yang J, Yu Q, Tao X, et al. Dynamic contrast-enhanced MR in the diagnosis of lympho-associated benign and malignant lesions in the parotid gland. Dentomaxillofac Radiol. (2016) 45:20150343. doi: 10.1259/dmfr.20150343

65. Gandolfo S, De Vita S. Double anti-B cell and anti-BAFF targeting for the treatment of primary Sjogren’s syndrome. Clin Exp Rheumatol. (2019) 37 Suppl 118:199–208.

66. Peppicelli S, Ruzzolini J, Lulli M, Biagioni A, Bianchini F, Caldarella A, et al. Extracellular acidosis differentially regulates estrogen receptor beta-dependent emt reprogramming in female and male melanoma cells. Int J Mol Sci. (2022) 23:15374. doi: 10.3390/ijms232315374

67. Zhang Y, Yin C, Zhou X, Wu Y, Wang L. Silencing of estrogen receptor beta promotes the invasion and migration of osteosarcoma cells through activating Wnt signaling pathway. Onco Targets Ther. (2019) 12:6779–88. doi: 10.2147/OTT.S219222

68. Scheid J, Mouquet H, Kofer J, Yurasov S, Nussenzweig M, Wardemann H. Differential regulation of self-reactivity discriminates between IgG+ human circulating memory B cells and bone marrow plasma cells. Proc Natl Acad Sci U S A. (2011) 108:18044–8. doi: 10.1073/pnas.1113395108

69. Zhao W, Ma N, Wang S, Mo Y, Zhang Z, Huang G, et al. RERG suppresses cell proliferation, migration and angiogenesis through ERK/NF-kappaB signaling pathway in nasopharyngeal carcinoma. J Exp Clin Cancer Res. (2017) 36:88. doi: 10.1186/s13046-017-0554-9

70. Monsivais D, Dyson M, Yin P, Coon J, Navarro A, Feng G, et al. ERbeta- and prostaglandin E2-regulated pathways integrate cell proliferation via Ras-like and estrogen-regulated growth inhibitor in endometriosis. Mol Endocrinol. (2014) 28:1304–15. doi: 10.1210/me.2013-1421


OPS/images/fmed-10-1168977-g006.jpg
}

Cell apoptosis
Epithelial cells

e N\ %‘
P B * S, —
..‘. - = B cells
O. ‘.
[ ]

Cell proliferation





OPS/images/fmed-10-1168977-g002.jpg
Group

CH

LGBLEL

,__ vl _5__%_2

i
| L [ E

| J93sn|o

3000+
2500+
15007

10007
5007

“\, Dop il wff
3:A11op ISupy;

8o &p &p

\:\?
Sn; 20! o8]
5%%5\&%5 Ixa
9, 0.
PR :EMW\Q
.3 D«VON \\oo Opuy

. §=

75 (07s]
~QQO\O\—~M~MO ;\3\\0
¥ J

DwQCQ 5\:
S, 115
Engs 0qp, Jous oy I g,

7
o learg, lorg

JUT B
| :,,___ “ =,______;,_, |

.___& l__

f__« ,____= ,_:_”

 — TNF

B LGBLEL
B CH

4

2
*kkk
1
MMP9

ﬁ Gene Z-score

Ak
1

0

Fdkk

T
PCNA

MMP2 VEGFA

RERG

¢ i91sn|o

Molecular function

angiogenesis

Cellular component
regulation of epithelial cell proliferation

response to growth facto
cellular response to growth factor stimulus
blood vessel morphogenesis
vasculature development:

Biological process

1
-log10(p value)

tube morphogenesis

negative regulation of cell population proliferation
cell population proliferation

cell population proliferation
regulation of T cell activation
regulation of leukocyte proliferation

regulation of cell-cell adhesion
regulation of mononuclear cell proliferation

regulation of leukocyte cell-cell adhesion

¢ 19)sn|o

VEGFA

RERG

regulation of leukocyte activation
regulation of cell activation
I
0
-log10(p value)
MKI67

regulation of lymphocyte proliferation
regulation of lymphocyte activation

TNF

L
r 1T T T1'0F 1T 1T 1711
e & & & © ® ¢ T a o
® © - a -

uorssaIdxa YARW AR

B LGBLEL

J

| 1 1 1
(=} o (=} (=] o
(=} (=] (=} o
< (3] N -
wiydy
m ﬁ
| 1 1 1 1
(= [=} (=] [=} o
o (=] (=) o
0 © < N
wiydy

]

2000+
1500-
1000

500-

wiydy

| 1 1 1
(=] (=} (=] (=} o
(=] (=} (=] (=}
(=] [=} (=] o
< ™ N -
wiydy





OPS/images/fmed-10-1168977-g003.jpg
‘ \ / L WK AN
DUSP15 Wi )\ : \ ) : 3 /\ Y 2% ENPEP CCRRET
1 ki Dot { \.8 @
& » =0 ¥ e Lo
.\.~ @) 4
\ - =

N

S
1
—~ MYH10
AN CSGALNACTT

~V \ \ PKDZ
- X "§\ L IGFBPS \\1

NUAK1

HTRA1 6
éI.Rch

- -

("Z‘

> = G
-//f?‘
w;/"//‘k\\‘fll
2 —

1 KLF9

S
ZNF503

o @

chstt @
an
\.\Q fes o =)
NF
TNFRSF138 . o
THBSE
L 5 '.
t:OchAN1L @“
b /// - =
&
P
Lecty
L4
Hxse
W
£
L
o]
\Y -
\_‘L /_ SN (k2
= DnhT1.CDC25B \\ /
7
Z// Ly
o i =0 msrs%
GD300A s {cocaschs [ W
- v o 6
Lo
LD
ZBTBIC o
o &
PuKHE" GPNMB
-
FOK!
gany
cCpcess
@
£
W
)

2~ T

(RPA} I\ 7~

A W X

\\\‘ i \ \\\\ / o
\ //§ A N\

A\ (GINS4

‘
/ \\ X fscL2 Akoas
£\ o s w W
& W
STBSIAY _ N
TCU1A

[T rT Mo e

L o | e o

]

w1k

COROTA
SLAMF1
ADA

T 5 P e

D ==






OPS/images/fmed-10-1168977-g004.jpg
A
LGBLEL
0.4,
=
=
£ 03
Z
2
g 0.2 . ﬁ
% L ]
© 0.1 * * * *
L] ° .
00— ° . - = ﬁﬁﬁLﬁ—_L
N & DD . & & DX D QOO S o o
& &éﬂ cz\\ FFS QQQ &qg’ b$ & Gﬁx G§\ %@ %'\&% é&oﬂ R é&\ é&\
TS T ITITELT T E F LSS
FFLFHFPTFTOPF & F S FF et &S
FP P 747 0 FH F S FIFTFFTF
P& Q&o‘ Q\\Q‘OQ@\&%‘b&\ S F S TS
D & QY \\%‘s &qg cé\ <& FFY &{* S
ol T S
C 8”&
» S8
s
CH
B o4
3
=
(=
x 03
g
=
g 0.2
&
% —
00 : —E . Se=g i = .
4 X P . S D@D O &L DY
Q‘&o‘ ‘}Qé 5§ 0‘& ’Qer&‘e% 8} ‘\“s& e‘ﬁ\ é’é ‘Jé z"v@ @0‘0 zﬁ? Q.A&e oé& oéox
T TITF & FT AT FF T s &S
Qg}\@ Q\‘) S W *\go &o‘ Og& e\\% @ ‘OQ O c& \.& b\% NN
F PEEE & & & Y o O
® &° \\‘%% @Qoo cz\\ é‘& P s& & &
RS &
&&d“
C B cells memory E CD27
0.4 1 — *¥k %k
‘ p=0006315 X 0.25+ | | I Bl LGBLEL
L)
£ 03; — g 0.20- I CH
2z o
E 02 E. 0.15
S ?
: 2
2 51l - 0.10 -
S 0.05-
0.0 1 ® o
| T nq-,
LGBLEL CH 0.00-
D Male
=
=
s B
o =
=
Z
|
o
a
O o
G
=

Tissue [HIHNRN
State

F
3
<
g
<
Q
O
@
<

G

H

Epithelial cells

Tissue State
B Normal [ so1 [ so3 M So05

Relative expression Relative expression

. Tumor [ S02 S04 | S06

State @® S1 ® S2 @ S3 @ S4@® S5 ® S6 @ S7® s8 @® S

Ligands
VIP

Receptors

NPR3
VIPR2
VIPR1
SCTR
ADCYAP1R1
ACKR2

CCRL2

CCL21

CCL19

FZD1
TNFRSF1A
KCNJ15
KCND2

WNT1

B cells

LTB

Epithelial cells

IL16

CXCL13

IL21

LGBLEL RNA-seq Assigned to Cell State

TRUE
FALSE





OPS/images/fmed-10-1168977-g005.jpg
RERG Ki67

8-OHdG

O Caspase 3/Nuclei

“,0'1 44

o e L g e 43 ’ 3 2
S R AR e B
L DR MRS R T B AL N G S N L -2

o
Pl i %)

y x

..3. :D }

e e
- > L4

¥ % ¥

»

= T U

RRETI T L EAVSHESIMADE WS ERESE Ao 0

Wi s QL ot F T o R RS

R
> b : J; Ay
BT SNl =Cle

Caspase3

200 - 200 - ** 1.0

0.8+

150 - 150 -

100 - 100 -

H Score
H Score
Percent of positive cells(%)






OPS/images/fmed-10-1168977-t001.jpg
Study group LGBLEL CH
Mean SE Mean SE

Males/Females 17/61 2/11

Age (Years) 48 (12-70) 1.31 52 (34-77) 3.95

Eyelid swelling

Both 54 1

Left 12 6

Right 12 6

Swelling duration

< 6 months 28 3

7-12 months 23 2

> 12 months 27 8






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Missing link between tissue specific expressing pattern of ERβ and the clinical manifestations in LGBLEL



		1. Introduction



		2. Materials and methods



		2.1. Study subject



		2.2. Immunohistochemistry (IHC)



		2.3. Immunofluorescent (IF)



		2.4. Enzyme-linked immunosorbent assay



		2.5. RNA extraction and quantitative RT-PCR



		2.6. Microarray analysis



		2.7. Statistical analysis







		3. Results



		3.1. Clinical features and histological features



		3.2. Histopathological features and expression levels of estrogen receptors in LGBLEL samples



		3.3. Analysis of cell proliferation characteristics in LGBLEL



		3.4. The characteristics of immune cell and epithelial cell characteristics in LGBLEL



		3.5. Expression of proliferation and apoptosis related proteins in LGBELE tissue







		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fmed-10-1168977-g001.jpg
PTGDS
ESRRG

B LGBLEL

Il CH

. — PMEPAL1

*ok
1

Male

CH

r T
o Q 2

- -— o o
(%)s1192 aAsod jo Juasiad

X
N
%
X
¢,
()
%
1 1
n o

RB

k%

Il LGBLEL
I CH
ook

E

NI 0
JErmail ___..!‘
n

k' 1 i
LT e

I, wrw
— 1 % . g _ L 1 - r ,,
|

h

ERa
= 3
1

LGBLEL

250
200 -
Female

91098 H t ﬁ

1.5+

L LL (%)s1122 aAnIsod }o Juasiad

ST e L
N S (Y
i ¢

3 MY

“,\.o.’

s g

RO . ST
L L A

I/r ,‘: ~~4“' X g A
L ek ke .
s 4 L}
(S & Y

b

'.v..u::

T e X0
Ny
as”®

<o

v 2 T \ ! y - - EIRE o o
& ? ﬁ,. .gm \ﬂlm_ .u.\.- ¢ ..v.,.... i R g % o 3 .903 -
M»M@%lln.?sﬁ‘. ) TIRG R i e NI 3 B BSOR v . '\ .‘.’h. e

STy

M
-

8% e
u'?}"

ISR
a

e
222

A v
LEEY R

i
L £}

vl

&3

{

17
i

K <

’ - Jjewd BN
DHH PPN/ YH/uneRYy-ued






OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Missing link between tissue
specific expressing pattern of
ERB and the clinical
manifestations in LGBLEL












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







