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RINGKASAN 

 Endometriosis merupakan penyakit yang menimbulkan reaksi inflamasi kronis dan dapat 

mengganggu fungsi reproduksi wanita. Pada wanita endometriosis, fekunditas lebih rendah 50% 

dan bahkan angka kehamilan program Teknik Reproduksi Berbantu (TRB) lebih rendah dibanding 

non endometriosis. Respon ovarium pada wanita endometriosis juga terganggu. Buktinya adalah 

pada stimulasi ovulasi  didapatkan durasi stimlasi ovulasi yang lebih lama, dosis gonadotropin 

yang lebih tinggi dan kadar estrogen saat penentuan yang lebih rendah dibanding non 

endometriosis. Gangguan folikulogenesis dan respon ovarium pada endometriosis ini belum 

diketahui sebabnya. Folikulogenesis yang baik harus didukung oleh proliferasi, steroidogenesis, 

serta komunikasi sel granulosa dengan  oosit yang optimal.  Beberapa penelitian mendapatkan 

tanda penurunan Folikulogenesis berupa Growth Differentiation Factor 9 (GDF9) dan Anti 

Mullerian Hormone (AMH) yang rendah pada endometriosis. Namun disisi lain Antral Follicle 

Count (AFC) dan estrogen tidak menunjukkan perubahan yang berarti. Hal ini belum diketahui 

sebabnya. Anti Mullerian Hormone dihasilkan oleh sel yang mempunyai aktivitas proliferasi atau 

mitosis tinggi. Kemungkinan ada gangguan pada proliferasi sel granulosa wanita endometriosis 

dan  belum ada data bagaimana gambaran siklus sel granulosa pada wanita endometriosis 

dibanding non endometriosis. 

  Retikulum endoplasmik (RE) merupakan organel penting di sel granulosa untuk sekresi 

hormon. Retikulum Endoplasmik bertanggung jawab terhadap folding rantai asam amino menjadi 

protein  fungsional dan dapat berikatan dengan reseptornya. Stres oksidatif atau kondisi 

lingkungan yang merugikan lainnya dapat mengganggu aktivitas folding protein sehingga terjadi 

akumulasi unfolded protein dan memicu Unfolded Protein Response (UPR). Unfolded Protein 

Response ini akan menyebabkan peningkatan Glucose Related Protein 78 (GRP78) untuk berusaha 
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meningkatkan kapasitas folding serta mengurangi lalu lintas lumen RE dengan atenuasi translasi 

global melalui Protein kinase RNA- like endoplasmic reticulum kinase (PERK) dan Eukaryotic 

translation initiation factor 2α (eIF2α). Bila sel sudah tidak mampu beradaptasi, maka akan 

menginisasi apoptosis melalui C/EBP Homologous Protein (CHOP). Endometriosis adalah 

inflamasi kronis yang ditandai peningkatan Tumor Necrosis Factor α (TNFα) di zalir peritoneum. 

Inflamasi ini kemungkinan dapat mempengaruhi aktivitas proliferasi sel granulosa di ovarium 

yang secara anatomis berada di kantung Douglas dan terjadi kontak terus menerus dengan implan 

endometriosis dan zalir peritoneum. Penelitian ini mempelajari pengaruh TNFα zalir peritoneum 

terhadap sel granulosa dari zalir folikel dominan di ovarium wanita endometriosis. 

Ini adalah penelitian observasional dengan studi potong lintang. Studi ini dilaksanakan 

bulan Januari 2016 hingga mei 2018. Tujuh belas wanita pasangan infertilitas yang di laparoskopi 

pada saat ditemukan folikel 17mm dari Ultrasonografi (USG) di Poli Fertilitas Graha Amerta, 

RSUD Dr Soetomo Surabaya. Dilakukan aspirasi zalir peritoneum & zalir folikel dominan.  Kadar 

TNFα dizalir peritoneum di periksa dengan Enzyme Linked Immunosorbent Assay (ELISA), Sel 

granulosa diisolasi dari zalir folikel dan dievaluasi ekspresi mRNA GRP78, eIF2α  dan CHOP 

diperiksa dengan Real time Polymerase Chain Reaction (qPCR), Siklus sel dengan Flowcytometry. 

Protein Cyclin D2 dievaluasi dengan Western blotting (WB). 

Kami mendapatkan 13 wanita endometriosis dan empat wanita non endometriosis. Kadar 

TNFα di zalir peritoneum lebih tinggi pada kelompok endometriosis (48,66±3,9 ng/mL) dibanding 

non endometriosis (37,6±3,8), p < 0,001. Pada Sel granulosa zalir folikel dominana  kelompok 

endometriosis didapatkan  ekspresi mRNA GRP78  3,32 kali , eIF2α 8,54 kali, dan CHOP 1,78 

kali lipat lebih tinggi dibanding kelompok non endometriosis. Ekspresi Cyclin D2 kelompok 

endometriosis lebih tinggi 97,056% dibanding non endometriosis 86,217% walaupun secara 
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statistik tidak signifikan.  Sel granulosa menunjukkan pada endometriosis fase G0/G1 lebih tinggi, 

fase S dan M lebih rendah dibanding non endometriosis (p <0,001). Analisis jalur mendapatkan 

kadar TNFα di zalir peritoneum menyebabkan perubahan ekspresi mRNA GRP78 disel granulosa 

yang diisolasi dari zalir folikel dominan. 

Kantung Douglas merupakan daerah yang paling rendah di rongga pelvis. Ovarium berada 

di fossa ovarika yang selalu terendam dalam zalir peritoneum. 70-80% implan endometriosis 

menyebar di bagian belakan didinding uterus, ligamen sakrouterina, fosa ovarika dan bahkan di 

permukaan ovarium. Penelitian ini menunjukkan kadar TNFα zalir peritoneum yang lebih tinggi 

dibanding non endometriosis. Untuk mengetahui Stres RE dan siklus sel granulosa, kami 

melakukan isolasi sel granulosa dari zalir folikel dominan yang kemudian dilakukan pemeriksaan 

qPCR dan flowcytometry untuk evaluasi mRNA GRP78, CHOP, eIF2α dengan tujuan untuk 

mengetahui gambaran chaperone residence endoplasmic reticulum  dan siklus sel granulosa. 

Pemeriksaan qPCR menunjukkan fold changes mRNA GRP78, CHOP, eIF2α pada sel granulosa 

wanita endometriosis lebih tinggi dibandin non endometriosis. Paparan TNFα di zalir peritoneum 

kemungkinan dapat menyebabkan stres oksidatif intraseluler di sel granulosa. Stres oksidatif ini 

dapat menyebabkn akumulasi unfolded protein di lumen RE dan mengaktivasi UPR yang berusaha 

memperbaiki unfolded protein dengan meningkatkan GRP78, bersamaan dengan itu PERK akan 

memforsforilasi eIF2α dan terjadi atenuasi translasi global yang berdampak pada penekanan 

Cyclin D2 dan siklus sel granulosa. 

Walaupun ekspresi mRNA GRP78 dan eIF2α lebih tinggi, pada penelitian ini ternyata 

ekspresi Cyclin D2 lebih tinggi dibanding non endometriosis. Bahan sampel penelitian ini diambil 

pada akhir fase folikuler dimana kadar estrogen juga tinggi. Pengaruh positif Follicle Stimulating 

Hormone (FSH) dan estrogen pada Cyclin D2 kemungkinan dapat melebihi pengaruh negatif 
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supresi dari Stres RE. Dampak stres RE ternyata masih dapat menyebabkan perubaha siklus sel 

granulosa ovarium walaupun ekspresi Cyclin D2 wanita endometriosis lebih tinggi. Hal ini 

kemungkinan stres RE menyebabkan faktor lain ikut menghambat laju siklus sel. Analisis jalur 

menunjukkan bahwa TNFα zalir peritoneum berpengaruh terhadap GRP78 di sel granulosa dan 

TNFα pada penelitian ini meningkat sejalan dengan derajat endometriosis berdasarkan Revised 

American Fertility Society (R-AFS). Tumor Necrosis Factor α zalir peritoneum menyebabkan stres 

RE serta menunjukkan perubaha siklus sel granulosa. Glucose Related Protein 78 (GRP78) masih 

mampu menanggulangi akumulasi unfolded protein di lumen RE sehingga pengaruhnya lebih 

kearah atenuasi translasi global dibanding apoptosis. 

Penelitian ini menunjukkan bahwa endometriosis mempunyai dampak yang negatif pada 

sel granulosa folikel dominan. Sel granulosa mempunyai peran steroidogenesis pada 

folikulogenesis dan komunikasi dengan sel oosit pada oogenesis. Stres RE pada sel granulosa ini 

bisa saja merupakan dasar terjadinya infertilitas pada wanita endometriosis derajat minimal hingga 

moderate. 
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SUMMARY 

 

 Endometriosis is a disease that causes chronic inflammatory reactions and can interfere 

with female reproductive function. In women with endometriosis, fecundity is 50% lower and the 

pregnancy rate of the Assisted Reproductive Technique (ART) program is even lower than in non-

endometriosis. Ovarian response in women with endometriosis is also impaired, as with longer 

duration of ovulation stimulation, the gonadotropin dose is found to be higher and the estrogen 

level is lower than in non-endometriosis. The cause of this disturbance in folliculogenesis and 

ovarian response to endometriosis is unknown. Reliable folliculogenesis must be supported by 

optimal proliferation, steroidogenesis, and communication between granulosa cells and oocytes. 

Several studies have found signs of decreased folliculogenesis in the form of low Growth 

Differentiation Factor 9 (GDF9) and Anti Mullerian Hormone (AMH) in endometriosis. However, 

on the other hand, Antral Follicle Count (AFC) and estrogen did not show significant changes. 

The cause of this has not been identified. Anti Mullerian Hormone is produced by cells that have 

high proliferation or mitotic activity. Possibly, there is a disruption in the proliferation of granulosa 

cells in endometriotic women. However, data regarding the profile of granulosa cell cycle in 

women with endometriosis compared to non-endometriosis are still lacking. 

 The endoplasmic reticulum (ER) is an important organelle in granulosa cells for hormone 

secretion. The endoplasmic reticulum is responsible for folding amino acid chains into functional 

proteins and can bind to their receptors. Oxidative stress or other adverse environmental conditions 

can interfere with protein folding activity, resulting in the accumulation of unfolded protein and 

triggering the Unfolded Protein Response (UPR). Unfolded Protein Response will cause an 

increase in Glucose Related Protein 78 (GRP78) to increase folding capacity and reduce RE lumen 
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traffic with global translational attenuation through protein kinase RNA-like endoplasmic 

reticulum kinase (PERK) and eukaryotic translation initiation factor 2α (eIF2α). When cells are 

unable to adapt, cells will initiate apoptosis through C/EBP Homologous Protein (CHOP). 

Endometriosis is a chronic inflammation characterized by an increase in Tumor Necrosis Factor α 

(TNF-α) in the peritoneal fluid. This inflammation is likely to affect the proliferation of granulosa 

cell activity in the ovaries that are anatomically situated in the Douglas pouch and there is 

continuous contact with endometriosis implant and peritoneal fluid. This study studied the effect 

of TNF-α of the peritoneal fluid on granulosa cells from the dominant follicular fluid in the ovaries 

of women with endometriosis. 

 This was an observational study with cross-sectional design. This study was conducted 

from January 2016 to May 2018 involving 17 female infertility couples who underwent 

laparoscopy when a 17 mm follicle was found with ultrasonography (USG) at the Fertility Clinic, 

Graha Amerta, Dr. Soetomo Regional Hospital, Surabaya, Indonesia. Aspiration of the peritoneal 

fluid and dominant follicular fluid was performed. TNF-α level in the peritoneal fluid was checked 

by Enzyme Linked Immunosorbent Assay (ELISA). Granulosa cells were isolated from follicular 

fluid and the expression of GRP78, eIF2-α and CHOP mRNA was examined by Real Time 

Polymerase Chain Reaction (qPCR), and cell cycle by Flowcytometry. Cyclin D2 protein was 

evaluated by Western blotting (WB). 

 We identified 13 women with endometriosis and four women without endometriosis. TNF-

α levels in the peritoneal fluid were higher in the endometriosis group (48.66 ± 3.9 ng/mL) than in 

non-endometriosis (37.6 ± 3.8), p<0.001. In the endometriosis group, the dominant follicle fluid 

granulosa cells showed mRNA expression of GRP78 3.32 times, eIF2-α 8.54 times, and CHOP 

1.78 times higher than in non-endometriosis group. Cyclin D2 expression in the endometriosis 
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group was 97.056% higher than in the non-endometriosis group which was 86.217%, although it 

was not statistically significant. In the endometriosis group, granulosa cells showed higher G0/G1 

phase and lower S and M phases than in non-endometriosis group (p<0.001). Path analysis 

revealed that TNF-α level in peritoneal fluid influenced changes in GRP78 mRNA expression in 

granulosa cells isolated from dominant follicular fluid. 

 Douglas pouch is the lowest area in the pelvic cavity. The ovaries are in the ovarian fossa 

which is always submerged in the peritoneal fluid. Seventy to eighty percent of endometriosis 

implants spread at the back of the uterine wall, the sacrouterine ligaments, ovarian fossae and even 

on the surface of the ovary. This study showed a higher level of peritoneal fluid TNF-α than in 

non-endometriosis. To identify ER stress and the granulosa cell cycles, we isolated granulosa cells 

from dominant follicular fluid and then performed qPC examination. 

 Although mRNA expression of GRP78 and eIF2-α was higher, this study found that Cyclin 

D2 expression was higher than in non-endometriosis. The study samples were taken at the end of 

the follicular phase when estrogen levels were also high. The positive effects of Follicle 

Stimulating Hormone (FSH) and estrogen on Cyclin D2 may outweigh the negative effects of the 

suppression of ER stress. The impact of ER stress can still cause changes in ovarian granulosa cell 

cycles, although the expression of Cyclin D2 in endometriosis women is higher. This is probably 

because ER stress causes other factors to participate in inhibiting the rate of cell cycle. Path 

analysis showed that TNF-  of the peritoneal fluid affected GRP78 in granulosa cells and TNF-α 

in this study increased in line with the degree of endometriosis according to the Revised American 

Fertility Society (R-AFS). Tumor Necrosis Factor-α of the peritoneal fluid causes ER stress and 

shows changes in granulosa cell cycle. Glucose Related Protein 78 (GRP78) is still able to 
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overcome the accumulation of unfolded protein in ER lumen so that the effect is more towards 

global translational attenuation than towards apoptosis. 

 This study showed that endometriosis had a negative impact on the dominant follicular 

granulosa cells. Granulosa cells have a role for steroidogenesis in folliculogenesis and 

communication with oocyte cells in oogenesis. The ER stress in granulosa cells may be the basis 

for infertility in women with minimal to moderate endometriosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




