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The mechanisms underlining pathogenesis of polycystic ovary syndrome (PCOS) remain largely unknown. Dysfunction of ovarian granulosa cells plays an important role. The present study performed the lncRNA and mRNA profiling by whole genome transcriptomic sequencing of ovary granulosa cells from women with PCOS and investigated the potential role of differentially expressed gens (DEGs) in the pathomechanism of PCOS. In total, 1,936 DEGs (30 upregulated and 1,906 downregulated mRNAs and lncRNAs) were identified in the ovary granulosa cells between control and PCOS group. Functional enrichment analysis showed that DEGs were mainly associated with cytokine–cytokine receptor interaction, neuroactive ligand–receptor interaction, and olfactory transduction. qRT-PCR validated the upregulation of DLGAP5 mRNA in ovary from PCOS group when compared to control group. Immunostaining and TUNEL assays showed that DLGAP5 protein level was increased while apoptosis was decreased in follicles of ovary in PCOS group. In vitro functional assays showed that DLGPA5 knockdown repressed viability and proliferation, but enhanced apoptosis and disrupted cell cycle in granulosa cells; while DLGAP5 overexpression had the opposite effects in granulosa cells. In conclusion, the study showed differentially expressed lncRNA and mRNA profile in the granulosa cells in ovaries of PCOS. Functional results demonstrated that DLGAP5 is a dysregulated candidate gene in the pathogenesis of PCOS, especially granulosa cell apoptosis and proliferation.
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Introduction

Polycystic ovary syndrome (PCOS), one of the common endocrine abnormalities, affects about 5–10% of women in reproductive age and contributes to 75% of anovulatory infertility. It is a complex, heterogeneous syndrome of uncertain etiology. The characteristics of PCOS include hyperthecosis, hyperinsulinemia, hyperandrogenemia, anovulation and polycystic ovaries (1–4). In recent years, increasing awareness of this syndrome in the medical communities and general population and women with PCOS are likely to develop metabolic syndrome and other comorbidities. Because of its heterogeneity of presentations, the definition of PCOS is always controversial in different clinical disciplines. Therefore, it is still a challenge for research scientists and clinical physicians to elucidate the origins and identify the pathological mechanism (5).

Granulosa cells provide a suitable microenvironment for follicular development and oocyte maturation. As a result, they are important in ovarian folliculogenesis. In response to pituitary gonadotropin secretion, granulosa cells regulate the expression of a variety of genes that encode the components of steroidogenic pathways involved in estrogen biosynthesis (6). A line of studies have showed that in women with PCOS, granulosa cell dysfunction may contribute to abnormal folliculogenesis, excess production of intraovarian androgens and/or increased circulating anti-Müllerian hormone levels, however, the underlying mechanisms remain to be elucidated (7, 8). Therefore, it is clinically and scientifically important to understand the mechanisms underlying the dysfunction of granulosa cells in women with PCOS.

Accumulating evidence suggested that long non-coding RNAs (lncRNAs) and messenger RNA (mRNAs) are essential regulators of cell physiological and pathological processes. Since mRNAs that encode proteins were directly functional while lncRNA regulates the transcription of mRNAs through coexpression manner. Therefore, the study of these RNAs variation may be a key to discover the etiology of PCOS. Recent studies demonstrated lncRNAs and mRNAs are differentially expressed in granulosa cells of women with PCOS (9–11). However, these studies were not using the granulosa cells isolated from PCOS ovarian tissues but follicular fluid (FF). For the FF collection, the ovaries were stimulated with recombinant follicle-stimulating hormone (FSH) after pretreatment with gonadotropin-releasing hormone agonist, which impact on the gene expression and functions of granulosa cells, so the findings may be biased.

In this study, we recruited women with PCOS and control subjects for ovary tissue collection and GC isolation by laser-capture microdissection and conducted RNA sequencing (RNA-seq) to explore the expressing profile of lncRNAs and mRNAs in ovary of PCOS. DLGAP5 was identified to be upregulated in PCOS. We hypothesized that DLGAP5 inhibits apoptosis of granulosa cells in the follicles and reduces atresia during folliculogenesis, therefore growing follicles are increased in ovary of PCOS.



Material and Methods


Patient Recruitment

For the PCOS group, the inclusion criteria are as follows: 1) women aged not in perimenopausal period; 2) BMI not obese; and 3) PCOS diagnosed by the revised Rotterdam Diagnostic criteria. As for the control group, normal ovary tissue was collected from women who were diagnosed with endometrial carcinoma or cervical cancer without ovarian involvement and underwent ovarian biopsy. Only healthy ovaries were used in the control group under pathological examination; any abnormal ovaries were excluded. This study was approved by the Institutional Review Board at the Chinese University of Hong Kong (CREC2016.663).



Laser Capture Microdissection for Ovary Granulosa Cells

Ovaries were sectioned onto neutral glass slides and lightly counterstained using the HistoGene LCM Frozen Section Kit (Arcturus). Laser capture microdissection (Leica, LMD700) was performed on granulosa cells. Briefly, membrane slides with sections were placed in the holder of microscopy. The Eppendorf tubes with 20 µl Buffer RL (GenElute™ Single Cell RNA Purification Kit) on the cap were set up to the collector tray. The real-time captured image was displayed in the software. After customizing the device and adjusting the focus to appropriate magnification, the section of interest was defined by drawing the lines. The detached specimen was dropped to the cap of Eppendorf tubes by gravity and lysed in the Buffer RL. Total RNA was extracted from granulosa cells according to the protocols of the manufacturer.



RNA-Sequencing Analysis

The quality of the RNA obtained, namely, the integrity and size distribution, was confirmed using the Agilent 2100 Bioanalyzer pico-RNA chip (Aglient, CA, USA). Before the construction of an RNA-seq library, rRNA was removed from the total RNA samples using the RiboMinus Eukaryote Kit (Qiagen, Hilden, Germen). The NEB Next Ultra Directional RNA Library Prep Kit for Illumina (NEB, MA, USA) was used according to the instructions of the manufacturer to create an RNA library for RNA-seq. The resulting RNA-seq library was quantified using an Agilent 2100 Bioanalyzer and was run on the HiSeq PE150 platform (Illumina, CA, USA) for paired-end 150 RNA sequencing. Subsequently, bioinformatics analysis was performed. Gene expression was quantified using RPKM (Reads Per Kilo bases per Million reads). RPKM also considers the effect of sequencing depth and gene length on reads count. Log2 (FC) was calculated by edgeR software. RNAs with log2 (FC) >2 and p <0.05 were considered upregulated in PCOS compared to control samples. Similarly, RNAs with log2 (FC) <−2 and p <0.05 were determined to be downregulated. It is considered that the genes with more than 15 reads in the sequencing results are expressed, while the genes below 15 reads are not expressed. When the read count of all replicates of the target gene in PCOS group is greater than 15, and all replicates of in control group is less than 15, this gene was a specifically expressed transcript. The alternative splicing (AS) events, namely, Retained Intron (RI), skipped exon (SE), alternative 5’ splice site (A5SS), alternative 3’ splice site (A3SS), and mutually exclusive exons (MXE) were identified by the TAPIS pipelines. The differential AS events were detected using the program rMATS based on the RNA-seq data.

For Gene Ontology (GO) enrichment analysis, predicted target genes were mapped to GO terms in the Gene Ontology database. For Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis, predicted miRNAs target genes were mapped to KEGG annotation in the KEGG database.



qRT-PCR

Approximately 100 ng total RNA were extracted from granulosa cells and reverse transcribed to cDNA using the commercial protocol. Quantitative Real-time Polymerase Chain Reaction was performed by using Power SYBR® Green PCR Master Mix (Applied Biosystems, Foster City, California). The relative expression of target RNA was determined by dividing the target amount by endogenous control amount to obtain a normalized target value. Then the normalized values of the target RNA were compared among the samples.



Immunohistochemistry

Formalin-fixed paraffin-embedded sections (5 μm) sections were deparaffinized in three Xylene baths and rehydrated in graded ethanol concentrations. Antigen retrieval was performed with citric acid antigen retrieval buffer (PH 6) in a microwave oven for 8 min. Endogenous peroxidase was blocked with 3% hydrogen peroxide in phosphate-buffered saline (PBS) for 25 min. Sections were then quenched with protein blocking buffer for 30 min followed by overnight incubation with DLGAP5 antibody (Abcam, Cambridge, United Kingdom). After rinsing, the sections were incubated with secondary antibody for 50 min. The staining was visualized with 3, 3’-diaminobenzidine (DAB) as chromogen and slides were counterstained with hematoxylin, dehydrated and finally mounted.



Human Granulosa-Like Tumor Cell (KGN) Culture and Transfection

KGN cells were cultured in the DMEM/F12 medium supplemented with 10% fetal bovine serum (Gibco, Thermo Fisher Scientific, USA) in a humidified incubator containing 5% CO2 at 37 °C. DLGAP5 siRNA and non-sense siRNA (NC) were purchased from RioboBio (Guangzhou, China). SiRNAs were transfected using Lipofectamine 2000 (Invitrogen, USA) following the instructions of the manufacturer. Lentivirus LV-DLGAP5-EGFP expression vector with empty vector were provided by Cyagen Biosciences (Jiangsu, China). KGN cells at 40–50% confluence in 96-well plate were transfected with the Lentivirus vector according to the protocol of the manufacturer.



CCK-8 Cell Viability Assay

CCK-8 assay kit (Beyotime Institute of Biotechnology, Shanghai, China) was used to assess the cell viability following the instructions of the manufacturer. After transfection for 24, 48, and 72 h, 10 μl of the CCK-8 solution was added to each well of the plate. One hour incubation later, the absorbance at 450 nm was measured.



Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL) Assay

Ovarian tissue sections from both control group and PCOS group were examined for the presence of apoptotic cells using the DAB (SA-HRP) TUNEL Cell Apoptosis Detection Kit (Servicebio, Wuhan, China) according to the protocol of the manufacturer. For in vitro study, TUNEL assay was performed using the In Situ Cell Death Detection Kit (Roche, Merck, USA) and TUNEL BrightRed Apoptosis Detection Kit (Vazyme, Nanjing China, for cells transfected with LV-GFP) after transfection for 48 h. Images were captured using a microscope/fluorescent microscope (Eclipse Ti, Nikon, Melville, NY, USA).



EdU Staining Assay

Cell proliferation was assessed using the EdU staining assay (Beyotime, Shanghai, China) after transfection for 48 h. EdU solution was added to cells and incubated for 2 h. Subsequently, fixative solution was added and incubate for 15 min, followed by Click reaction buffer incubation for 30 min and nuclei staining with 4’,6-diamidino-2-phenylindole (DAPI; Beyotime, Shanghai, China) for 5 min. Fluorescent images were captured using a fluorescent microscope. EdU positive rates were calculated as: (number of positive cells)/(total number of cells) × 100%.



Apoptosis Assay

Apoptosis was evaluated using Annexin V-FITC and PI Apoptosis Detection Kit (KeyGEN BioTECH, Nanjing, China) according to the instruction of the manufacturer. In brief, after transfection for 48 h, cells were collected, suspended in binding buffer, and stained with Annexin V-FITC and PI for 15 min at room temperature. The rate of apoptosis was detected by flow cytometer (BD FACSCalibur™, USA)



Cell Cycle Analysis

After transfection for 48 h, cells were harvested, fixed with 75% ethanol at −20°C overnight, and stained with propidium iodide (PI) solution with RNase A (KeyGEN BioTECH, Nanjing, China) for 60 min. Cell-cycle analysis was performed by flow cytometry (BD FACSCalibur™, USA).



Western Blot Assay

Protein was extracted from transfected cells and 30 ug proteins were separated by 10% SDS-PAGE and transferred to PVDF membranes (Amersham; GE Healthcare, Buckinghamshire, England). After blocking with 1.5% skimmed milk at room temperature for 1 h, the membranes were incubated with DLGAP5, cleaved caspase-3, cleaved caspase-8, caspase-9, CDK2, cyclin C and cyclin D antibodies, and GAPDH antibody (ProteinTech, Chicago, IL, USA) at 4°C for overnight, followed by washing and incubation with horseradish peroxidase-conjugated secondary antibodies (CST, Massachusetts, USA) at room temperature for 1 h, respectively. The bands were visualized by an enhanced chemiluminescence system (Thermo Fisher Scientific, Rockford, IL, USA).



Statistical Analysis

Data are presented as the mean ± SEM. Statistical comparisons between two groups were made by the Student’s t-test. P <0.05 was considered to be statistically significant.




Results


Clinical Characteristics of PCOS Patients and Control Subjects

A total of 19 samples (11 from PCOS and 8 from control) were collected for RNA-seq analysis. There were no significant differences in BMI, fasting glucose, cholesterol, HDL-cholesterol, triglycerides, and LDL- cholesterol between PCOS and control group. The average age for the PCOS group is 34.7 ± 2.9 years old, which is smaller than that for the control group (47.2 ± 5.8 years old; Table 1).


Table 1 | Clinical characteristics of PCOS patients and control subjects.





Quantification of Gene Expression

As shown in Figures 1A–C, the overall gene expression levels of all samples in the control group and in the PCOS group were comparable, with no significant differences. PCA analysis using the RPKM values showed grouping information for each sample under different experimental conditions. Hierarchical clustering analysis of differentially expressed genes (DEGs) is shown in Figure 1D. The volcano plot results identified a total of 1,936 DEGs (30 upregulated and 1,906 downregulated, namely, 669 mRNAs, 11snoRNA, 1,195 lncRNAs, and 61 transcribed pseudogene) (Figure 1E and Supplementary Data).




Figure 1 | RNA-seq analysis of differentially expressed genes between PCOS and control group. (A) Boxplots of abundance of transcripts in each sample. (B) RPKM density distribution in each sample. (C) PCA of averaged, rank-normalized read counts from RNA-seq. (D) Heatmap analysis of differentially expressed genes between control group and PCOS group. (E) Volcano plots showing the significance and log2 fold-change (logFC) for all gene transcripts reliably detected in the RNA-seq analysis between control group and PCOS group.





GO and KEGG Pathway Enrichment Analysis

To elucidate the possible functional significance of the observed changes in transcripts between PCOS and control groups, GO and KEGG analysis were performed. As shown in Figure 2, differentially expressed transcripts had GO annotations to biological processes, cellular components, and molecular functions. For biological processes, response to stimulus, cell communication, signaling and signal transduction process were significantly enriched. For KEGG analysis, cytokine–cytokine receptor interaction, neuroactive ligand–receptor interaction and olfactory transduction were significantly enriched (Figure 2).




Figure 2 | Functional enrichment analysis of differentially expressed genes. (A) GO enrichment analysis of DEGs in biological process. (B) GO enrichment analysis of DEGs in cellular component. (C) GO enrichment analysis of DEGs in molecular function. (D) KEGG enrichment analysis of DEGs. DEGs, differentially expressed genes.





Alternative Splicing Analysis

Alternative splicing events were detected in both PCOS and control groups. The number of events was similar in these two groups. Among the five most common types of AS events, skipped exon accounted for the highest proportion. We performed GO and KEGG enrichment analysis to investigate the biological functions associated with the differentially expressed genes (also differentially spliced genes) in which alternative splicing events occurred. Similarly, differentially expressed spliced genes had GO annotations to biological processes, cellular components, and molecular functions, with the most annotations to biological processes. KEGG pathway enrichment analysis indicated that PI3K-Akt signaling pathway, HPV infection, and protein digestion and absorption pathways were enriched among these alternatively spliced genes (Figure 3).




Figure 3 | Alternative splicing analysis. (A) Alternative splicing types. A3SS, alternative 3’ splice site; A5SS, alternative 5’ splice site; MXE, mutually exclusive exons; RI, Retained Intron; SE, skipped exon. (B) Alternative splicing number. (C) GO enrichment analysis of alternative spliced genes in cellular component. (D) GO enrichment analysis of alternative spliced genes in molecular function. (E) GO enrichment analysis of alternative spliced genes in molecular function. (F) KEGG enrichment analysis of alternative spliced genes.





Validation of the Selected Transcripts by qRT-PCR

To verify the differentially expressed RNAs in the ovaries of PCOS, qRT-PCR was performed for the quantification of the expression of LOC105379507, CXCL8, AREG, LOC107986562, CXCL2, DLGAP5, Lin001778, LOC105379355, PADI6 and SNORA9. LOC105379507, CXCL8, AREG, LOC107986562, CXCL2 and Lin001778 were top downregulated mRNA and lncRNA. DLGAP5, LOC105379355, PADI6 and SNORA9 were top specifically expressed transcript. Among which, AREG and Lin001778 were significantly downregulated in the PCOS group when compared with the control group. DLGAP5 and PADI6 were upregulated in the PCOS group when compared to that in the control group (Figure 4). As DLGAP5 was the top one specifically expressed transcript, it was selected for further functional study. The ceRNA network analysis further revealed that DLGAP5 was extensively interacted with other non-coding RNAs (see Supplementary Figure S1).




Figure 4 | Validation analysis of selected differentially expressed candidate genes between control group and PCOS group. The mRNA expression levels of (A) LOC105379507, (B) CXCL8, (C) AREG, (D) LOC107986562, (E) CXCL2, (F) DLGAP5, (G) Lin001778, (H) LOC105379355, (I) PADI6, and (J) SNRA9 in the ovarian tissues between control group and PCOS group. N = 8–11. *P < 0.05 and **P < 0.01.





Histology Analysis of Ovarian Tissues

The immunostaining was performed on the ovarian tissues. The immunostaining of DLGAP5 was examined in the ovarian tissues from the PCOS and control group. As shown in Figure 5, the DLGAP5 staining intensity of granulosa cells around the follicles in the PCOS group was slightly strong than that in the control group. The TUNEL staining results further demonstrated that the number of apoptotic cells in the ovarian group from the PCOS group was slightly decreased when compared to that from the control group (Figure 6).




Figure 5 | Immunostaining analysis of DLGAP5 in the ovarian tissues. (A) Immunostaining of DLGAP5 in control group. Scale bar = 200 µm. (B) Immunostaining of DLGAP5 in PCOS group. Scale bar = 200 µm. (C) Immunostaining of DLGAP5 in control group. Scale bar = 200 µm. (D) Immunostaining of DLGAP5 in PCOS group. Scale bar = 200 µm. Blue arrows indicate primary or antral follicles.






Figure 6 | TUNEL analysis of ovarian tissues in the normal group and PCOS group. (A, C) TUNEL staining of ovarian tissues in control group. Scale bar = 200 µm. (B, D) TUNEL staining of ovarian tissues in PCOS group. Scale bar = 200 µm. Scale bar = 200 µm. Red arrows indicate primary, secondary or antral follicles.





Effects of DLGAP5 Knockdown on the Granulosa Cell Proliferation and Apoptosis

DLGAP5 siRNA transfection caused a significant decrease in the mRNA and protein expression level of DLGAP5 in granulosa cells (Figures 7A, B). The CCK-8 assay showed that DLGAP5 knockdown significantly decreased the cell viability of granulosa cells (Figure 7C). The EdU assay showed that DLGAP5 silence significantly decreased the number of EdU-positive granulosa cells (Figure 7D). Consistently, the TUNEL assay showed that DLGAP5 knockdown markedly increased the number of TUNEL-positive granulosa cells (Figure 7E).




Figure 7 | Effects of DLGAP5 knockdown on the granulosa cell proliferation and apoptosis. Granulosa cells were transfected with si-NC or si-DLGAP5, and after siRNA transfection, (A) the mRNA expression level of DLGAP5 in the granulosa cells was determined by qRT-PCR; (B) the protein expression level of DLGAP5 in the granulosa cells was determined by western blot; (C) the cell viability of granulosa cells was determined by CCK-8 assay; (D) the cell proliferation of granulosa cells was determined by EdU assay, scale bar = 50 µm; (E) the cell apoptosis of granulosa cells was determined by TUNEL assay; scale bar = 50 µm. N = 3. **P < 0.01.



The flow cytometry was performed to determine the cell apoptosis and cell cycle of granulosa cells. As shown in Figure 8A, DLGAP5 knockdown significantly increased the number of apoptotic granulosa cells. The analysis of cell cycle revealed that DLGAP5 silence caused a significant decreased in the cell population of G1 phase and a significant increase in the S phase but had no effect on the cell population in the G2 phase (Figure 8B). The western blot results showed that DLGAP5 silence increased the protein levels of cleaved caspase-3, -8 (slightly) and -9 and cyclin C, but decreased the protein level of CDK-2 and cyclin D in granulosa cells (Figure 8C).




Figure 8 | Effects of DLGAP5 knockdown on the granulosa cell apoptosis and cell cycle. Granulosa cells were transfected with si-NC or si-DLGAP5, and after siRNA transfection, (A) the cell apoptotic rates and (B) cell cycle of granulosa cells were determined by flow cytometry; (C) the protein levels of cleaved caspase-3, cleaved caspase-9, CDK2, cleaved caspase-8, cyclin C and cyclin D in granulosa cells were determined by Western blot assay. N = 3. **P < 0.01 and ***P < 0.001.





Effects of DLGAP5 Overexpression on the Granulosa Cell Proliferation and Apoptosis

LV-DLGAP5 transfection caused a significant increase in the mRNA and protein expression level of DLGAP5 in granulosa cells (Figures 9A, B). DLGAP5 overexpression significantly increased the cell viability of granulosa cells (Figure 9C). The EdU assay demonstrated that DLGAP5 overexpression significantly increased the number of EdU-positive granulosa cells (Figure 9D). Consistently, the TUNEL assay demonstrated that DLGAP5 overexpression markedly decreased the number of TUNEL-positive granulosa cells (Figure 9E).




Figure 9 | Effects of DLGAP5 overexpression on the granulosa cell proliferation and apoptosis. Granulosa cells were transfected with LV-control or LV-DLGAP5, and after transfection, (A) the mRNA expression level of DLGAP5 in the granulosa cells was determined by qRT-PCR; (B) the protein expression level of DLGAP5 in the granulosa cells was determined by western blot; (C) the cell viability of granulosa cells was determined by CCK-8 assay; (D) the cell proliferation of granulosa cells was determined by EdU assay, scale bar = 100 µm; (E) the cell apoptosis of granulosa cells was determined by TUNEL assay, scale bar = 100 µm. *P < 0.05 and **P < 0.01.



DLGAP5 overexpression significantly decreased the number of apoptotic granulosa cells (Figure 10A). DLGAP5 overexpression caused a significant increase in the cell population of G1 phase and a significant decrease in the S phase but had no effect on the cell population in the G2 phase (Figure 10B). DLGAP5 overexpression decreased the protein levels of cleaved caspase-3, -8 (slightly) and -9 and cyclin C, but increased the protein level of CDK-2 and cyclin D in granulosa cells (Figure 10C).




Figure 10 | Effects of DLGAP5 overexpression on the granulosa cell apoptosis and cell cycle. Granulosa cells were transfected with LV-control or LV-DLGAP5, and after transfection, (A) the cell apoptotic rates and (B) cell cycle of granulosa cells were determined by flow cytometry; (C) the protein levels of cleaved caspase-3, cleaved caspase-9, CDK2, cleaved caspase-8, cyclin C and cyclin D in granulosa cells were determined by Western blot assay. *P < 0.05.






Discussion

The morphological characteristics of PCOS women is the accumulation of follicles of diameter of 2–8 mm, which indicates the selection of the dominant follicle fails and the larger antral follicles have been blocked during development. Usually, antral follicle growth retardation is related to an abnormal endocrine environment, namely, excessive secretion of luteinizing hormone, insulin, or androgen. The net effect is the secondary inhibition of FSH, which inhibits the maturation of other healthy follicles. However, new evidence shows that the inherent abnormal factors of follicular formation in PCOS can affect the early stage of follicular development, manifested as an increase in the density of pre-antral follicles. The follicular dynamics are changed (12). However, the underlying molecular mechanism is uncertain.

In the current study, we used RNA sequencing to provide the lncRNA and mRNA profiles in human ovary granulosa cells from PCOS and healthy ovaries. A total of 1,936 DEGs were identified, and KEGG analysis has some unexpected results. The DEGs were closely linked to olfactory transduction pathways, similar to the study by Jiao (13). Furthermore, AS analysis was performed. Under normal conditions, strict regulation of AS is necessary for the complex tissue function, whereas aberrant splicing appears to an underlying cause for dysfunction and disease, suggesting individual isoforms may serve specific roles (14). In this study, AS analysis displayed no differences between PCOS and control groups regarding the alternative splicing type or gene numbers.

Then, we moved our focus on the DEGs. We validated the expression of AREG, Lin001778, DLGAP5, and PADI6. DLGAP5 was identified as a specifically expressed gene in PCOS. DLGAP5 (also called HURP) is a potential cell cycle regulator that may play a role in the carcinogenesis of cancer cells (15), which has the function of promoting microtubule polymerization and bipolar spindle formation (15). Cells stably transfected with DLGAP5 obtained the characteristics of tumor cells, and silence of this gene could theoretically revert cancer cells to a more normal phenotype (15). For bioinformatic analysis, DLGAP5 was mainly enriched in cell proliferation, mitotic nuclear division and mitotic cell cycle and the pathways involved progesterone-mediated oocyte maturation, p53 signaling pathway, oocyte meiosis and cell cycle (16).

It was demonstrated the proportion of growing follicles increased in PCOS ovaries compared with normal ovaries. In addition, no reduction in the density of primordial follicles was observed in the polycystic ovary compared with normal ovaries (17), and the age of menopause in women with a history of PCOS is similar to that in a control population (18). Therefore, the explanation might be that atresia (loss of follicles) is reduced (i.e., increased survival) during folliculogenesis. In addition, Webber et al. demonstrated the lower rate of follicle atresia during culture in tissue obtained from polycystic ovaries than that observed in biopsies from normal ovarian cortex (19). Apoptosis is the mechanism underlying follicular atresia and is fundamental to the cyclical growth and regression of follicles in the human ovary, and atresia could be caused by granulosa cell apoptosis (20). Throughout oocyte development, granulosa cells provide a suitable microenvironment for follicular development and oocyte maturation and oocyte, promoting growth and differentiation of the granulosa cells (21). Therefore, the dysfunction of these cells or prolonged survival of granulosa cells may contribute to the abnormal folliculogenesis observed in PCOS, which was supported by the study of Das that lower apoptotic rates were found in granulosa cells from patients with PCOS, compared with women with regular ovulatory cycles. In addition, apoptotic inducers and inhibitors were also aberrantly expressed in PCOS group. Cellular inhibitor of apoptosis protein-2 (c-IAP2) was upregulated and caspase-3 positive cells was higher in PCOS group (7).

Usually, PCOS is accompanied with a high LH level. The amplification of LH action on granulosa cells may affect folliculogenesis. High LH may cause inhibition of apoptosis in granulosa cells in PCOS, as LH was reported to prevent cisplatin-induced apoptosis in ovarian cancer or apoptosis in oocytes (22, 23). Under this condition, apoptotic and or proliferation regulator show aberrant expression. In this study, overexpression of DLGAP5 was identified and confirmed. It inhibited apoptosis of granulosa cells in the follicles, which may reduce atresia during folliculogenesis. DLGAP5 knockdown increased the number of apoptotic granulosa cells, which were blocked in the S phase. These may be mainly due to the initiation of caspase 9, followed by executioner caspase 3 activation.

The difficulty in this study was the collection of control samples. Control group includes patients who were diagnosed with endometrial carcinoma or cervical cancer and underwent ovarian biopsy to exclude ovarian lesions. As the sample size was not so big, we cannot subdivide the PCOS patient into different clinical phenotypes and make internal comparisons among the factors, such as high androgen, obesity (BMI ≥25), anovulatory and so on. Still, we need to verify DLGAP5 expression in granulose cells isolated from follicle fluid on a large scale and do some correlation. Finally, the present study was only focused on the DLGAP5, and the interaction between DLGAP5 and the differentially expressed lncRNAs detected in the study may require further examination in future studies.


Conclusion

Overall, the results of this study showed the different lncRNA and mRNA profile in the granulosa cells from control and PCOS patients. DLGAP5 was identified as a specifically expressed gene in PCOS and its role in the pathogenesis of PCOS may be related to granulosa cell apoptosis.
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