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Experimental study on the inhibition of endometriosis by L-18-methy
Inorethisterone through down-regulating the estrogen Notch signal axis

and reducing the activity of stem cell activity
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[Abstract] Objective To investigate the impact of levonorgestrel (LNG) on endometrial stem cell (EMSC) activity
via the estrogen-Notch signaling axis. Methods 60 rats wevedivided intocontial group with sham surgery (10 rats) and

model of endometriosis (50 rats). The modeled rats were then randomly divided into five groups: untreated model group,
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LLNG group receiving LNG injections, LNG-+ ER group given LNG and transfected with ER-¢ ¢cDNA, an LNG+ER+
siNC group transfected with LNG, ER-¢ ¢cDNA, and siRNA NC plasmid, and an LNG+ER+siNotchl group transfected
with LNG, ER-¢ cDNA, and Notchl siRNA plasmid. Parallel in vitro experiments were conducted using EMSCs isolated
from both sham surgery and endometriosis model mice, which were cultured and divided into similar treatment groups, all
with added estrogen. Sham surgery-derived EMSCs served as an untreated blank control. Observations focused on the in-
terplay between estrogen and the ER-Notch signaling pathway. Cultured EMSCs from ectopic endometrium were further
grouped into four: control group, estradiol (E2) group receiving exogenous 17f3-estradiol, E2+41CI group treated with es-
trogen receptor inhibitor ICI plus E2, and Notch inhibition group treated with the Notch signal blocker DAPT along with
E2. Pathological changes, vascular density, and EMSC proliferation, migration, differentiation, as well as estrogen,
ER, Notchl, Hesl, and Hey2 expression levels, were assessed. Results Indicated that compared to the sham surgery
group, the model group showed significantly elevated levels of estrogen, ER-«, Notchl, Hesl, Hey2, vascular density,
EMSC counts. proliferation, migration, and differentiation rates (P<C0.05). These parameters were significantly re-
duced in the LNG group compared to the model group (P<C0.05). When compared to the LNG group, the LNG+ER
group exhibited significant increases in ER-a, Notchl, Hesl, Hey2, vascular density, EMSC activity, and proliferation,
migration, and differentiation rates (P<C0.05). However, these increases were reversed in the LNG+ ER + siNotchl
group, showing significantly lower levels than the LNG+ ER group (P<<0.05), with no significant difference observed
between the LNG+ER and LNG+ER+NC groups (P>0.05). Supplementation with E2 led to significant increments in
estrogen, ER-a, Notchl expression, and cellular activities. Conversely, application of the ER inhibitor ICI or the Notch
inhibitor DAPT alongside E2 resulted in significant decreases in ER and Notchl expression and cellular proliferation, mi-
gration, and differentiation rates (P<C0. 05). Conclusion LNG can reduce the activity of endometrial stem cells by down
regulating estrogen Notch signal axis, so as to inhibit the development of endometriosis.
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Table 1 Comparison of expression of estrogen/ER Notch signaling axis related indicators in mouse peritoneal EMSCs

21 51 HE ¥ % (pmol/mlL) ER-« Notchl Hesl Hey2
BFARH 4.06+1. 32 1.29+0. 82 0. 277-+0. 45 7.41+4. 85 7.11+1.62
FERIZH 12.4343.18® 3.35+1. 060 1. 0340. 089 20.13+5. 350 29. 38+5. 350
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LNG+ER 4 7.32+1. 39020 3.3742. 349 0.5540. 84020 11. 82+4, 30000 17. 2843, 34000
LNG+ER +NC 4 7.2841. 48000 3.39+1. 820 0.54+0. 06029 11.76+3. 87000 18.29+3. 02000
LNG+ER +siNotchl 4 3.29+0. 692006 1. 65+0. 6320 0. 37+0. 07200 9. 10+3. 290206 9.15+3. 230006
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Figure 1 Western Blot detection of ER-a. Notchl, Hesl, Hey2 expres-

sion
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Figure 2 HE staining results of mouse peritoneal EMSCs
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Table 2 Comparison of incremental migration and differentiation of intraperitoneal EMSCs in mice

215 EMSCs by EBE SR
23 4 19.31+2. 46 27.54+2. 33 20.15+2. 15 9.47+1. 35
T2 4 58.14+8. 220 51.14+2. 240 36. 424, 140 62.25+9. 380
LNG 41 24.29+6. 8109 33.36+2. 0609 21. 35+2. 2309 11.52+1. 46092
LNG+ER 41 71.37+8. 7000 48.02+4. 02020 62. 64+7. 31020 51. 68=+7. 04020
LNG+ER-+NC 21 70. 26+8. 26000 47. 4044, 19000 63.05+7. 26000 52.84+7. 13090
LNG+ER +siNotchl 4] 50. 21+6. 3200000 33.28+1. 820200 36. 67+3. 710900 31. 36+3. 2709000
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Figure 4 The impact of LNG on the value-added of EMSCs
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Table 3 Effects of estrogen on the Notch signaling pathway

21 51 i 3% 2 (pmol/mL) ER-« Notchl
Xf HR 20 6.0440. 84 1. 05+0. 63 1.01+0. 41
E2 41 13.29+1. 820 10. 22+2. 270 4. 26+0. 350
E2+1CI 41 13.27+2. 089 0.56+0.1802  2.83+0.400@
E2+DAPT 4 12.28+2. 150 9.3242.0609  0.35+0. 52000

S R4 g, DP<0.05; 5 E2 4l 4 ,@P<0.05; 5 E2+ICT 41
. @ P<<0. 05,

£ 4 BEHES EMSCs EETEB RS LB FME(x +5.%)
Table 4 Effects of estrogen on the proliferation, migration, and differ-

entiation of EMSCs

25 T AR TR R
X R ZH 53.82+3.19 33.5244. 26 68.2448.53
E2 4 74,2545, 440 81.53+5, 749 89.24+11. 487
E2+ICI4H  24.14+2.6309  18.47+2.1802  45.27+6. 6200

E2+DAPT 41 18.35+2. 06029 16.36+2. 44029 33,5544, 25000

S R4 g, DP<0.05; 5 E2 4l 4 ,@P<0.05; 5 E2+ICT 41
He 4, @ P<<0. 05,
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