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Figure S1. E2 replacement on the emotional disorders and motor learning

(A) Upper: sample traces of locomotor activity in the open field test. Lower: Summary of total distance

travelled and time spent in the center area from OV Xsr and OV X, mice. Data are represented as mean

+ SEM, n = 8 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p <0.01

between the marked groups. (B-D) Summary dada in elevated plus maze, forced swimming test, and

rotarod test from OV Xsr and OV X1 mice with E2 treatment. Data are represented as mean £SEM, n =

8 mice in each group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p <0.01 between the

marked groups. In rotarod test, **p <0.01 compared to sham.
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Figure S2. Neuronal activation in brain regions involved in fear extinction
(A, B) Representative images for p-c-fos (red) and nucleus (blue) from mice 90 min after the fear

extinction 1 or extinction 2 in amygdala, hippocampus, and mPFC. (C) Integrated intensity of p-c-fos
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measured across 400 neurons (20 neurons per slice, 4 slices/mouse, n = 5 mice in each group) in brain
regions. Data are represented as mean =SEM, 1-way ANOVA followed by Bonferroni’s post hoc test;

**p <0.01 between the marked groups.
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Figure S3. Levels of estrogen and its receptors in OVXst mice and OVX_ t mice with E2
replacement

(A) Levels of estrone (E1), estradiol (E2, total and free) and estriol (E3) in plasma. Levels of E2 was
increased in plasma by exogenous injection, but exogenous E2 affected the levels of E1 and E3. Data
are represented as mean =SEM, n = 6 mice per group. 2-way ANOVA followed by Bonferroni’s post
hoc test; **p < 0.01 between the marked groups. (B) Left: western-blot samples showing the levels of
ERo, ERB, and enzymes HSD17B1 and HSD17B2 responsible for estrogen conversion in mPFC. Right:
Summary of relative levels of ERa, ERB, HSD17B1, and HSD17B2 in mPFC. Data are represented as
mean =SEM, n = 6 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p < 0.01

between the marked groups.
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Figure S4. Synaptic plasticity-related proteins in OVX mice
(A) Western-blot samples showing the proteins in mPFC. (B) Summary of levels of mGluR1, mGIuR2,
mGIuR3, mGIuR4, mGIuRS5, A1IR, GABA,, and GABA,, in mPFC. Data are represented as mean =+

SEM, n = 8 mice in each group. 2-way ANOVA followed by Bonferroni’s post hoc test. **p < 0.01

between the marked groups.
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Figure S5. Decreased CB1 in both presynaptic and postsynaptic fraction
(A) Representative images of mPFC sections stained for CB1 (red) and nucleus (blue). (B) Left:
Samples of Western blot for CB1 and CB2 in presynaptic and postsynaptic fraction of mPFC. Right:

Band intensities were quantified as percentage of values from sham mice. PSD, postsynaptic density;
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Syn, synaptosome; Pre-syn, presynaptic fraction; SYP, synaptophysin. PSD95 was used as loading
control for postsynaptic fraction. SYP was used as loading control for presynaptic fraction. Data are
represented as mean =SEM, n = 6 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc
test; **p < 0.01 vs sham. (C) Samples of Western-blot for CBland CB2 in olfactory bulb, mPFC,
motor cortex, sensory cortex, caudate putamen striatum (CPu), amygdala, hippocampus, and
periaqueductal gray (PAG). Data are represented as mean = SEM, n = 6 mice per group. 1-way

ANOVA followed by Bonferroni’s post hoc test; *p < 0.05, **p < 0.01 vs sham.
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Figure S6. Decreased 2-AG but normal AEA in OV Xt mice

(A) Representative mass spectrograms showing parent and daughter ion for 2-AG, 2-AG-d8, AEA, and
AEA-d4. (B) Levels of 2-AG and AEA in mPFC were normalized to sham group according to
quantitative LC-MS/MS results. Data are represented as mean &= SEM, n = 6 mice per group. 2-way
ANOVA followed by Bonferroni’s post hoc test; **p < 0.01 between the marked groups. (C) Samples
of Western-blot for FAAH (AEA degradative enzyme), MGLL (2-AG degradative enzyme), DAGLa,
and DAGLpB (Catalyzes the hydrolysis of diacylglycerol to 2-AG) in mPFC. (D) Relative

immunoreactivities of MGLL, FAAH, DAGLa, and DAGLJ were normalized to sham group. Data are
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represented as mean =SEM, n = 6 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc

test; **p < 0.01 between the marked groups.
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Figure S7. ACEA rescued fear memory extinction in E2 treated OV X, mice

(A) ACEA (a CB1 selective agonist, 0.5 mg/kg, 1-week once daily, s.c.) did not affect locomotors
activity of OVXst and OV Xt mice. Data are represented as mean =2SEM, n = 8 mice per group. (B)
ACEA and E2 (0.1 mg/kg, s.c.) induced anxiolytic effects in OVXsr and OVX,t mice. Data are
represented as mean =SEM, n = 8 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc
test; **p < 0.01 between the marked groups. (C) ACEA and E2 showed anti-depressive effects in
OVXsr and OVX 1 mice. Data are represented as mean =SEM, n = 8 mice per group. 2-way ANOVA
followed by Bonferroni’s post hoc test; **p < 0.01 between the marked groups. (D) ACEA and E2 did

not affected pain sensitivity of mice. (E) ZL184 (an MGLL inhibitor, 8 mg/kg, s.c.) and WIN55,212-2
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(a non-selective cannabinoid receptor agonist, 1 mg/kg, s.c.) recovered the E2 function in memory
extinction. AM630 (a CB2 selective antagonist, 1 mg/kg, 1-week once daily, s.c.) could not blocked
these effects. Data are represented as mean =SEM, n = 8 mice per group. 1-way ANOVA followed by
Bonferroni’s post hoc test; **p < 0.01 vs OV X,y control mice. (F) E2-treated OV Xst mice also showed
impaired fear memory extinction after blocking CB1 by AM251 (CB1 antagonist, 3 mg/kg, s.c.). Data
are represented as mean =SEM, n = 8 mice per group. 2-way ANOVA followed by Bonferroni’s post

hoc test; **p < 0.01 vs OV X,y control mice.
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D Some DEGs according to mRNA sequencing
Type Gene Product baseMean OVXsi+ E2 baseMean OVXi1+ E2 foldChange p value
Up Prl prolactin 0.729560179 12.45422673 17.07087 ~ 0.0020959
Down Ighgl immunoglobulin heavy constant gamma 1 166.2317829 43.3679566 0.2608885  0.0036075
Up Gm3604 predicted gene 3604 3113471717 16.67659095 53562686 0.0278337
Down Haao 3-hydroxyanthranilate 3 4-dioxygenase 9.007720816 1.202687134 0.1335174  0.0282539
Down Lars2 leucy-RNA synthetase 2 4140.340619 1982.676383 0.4788679  0.0341006
Up Ssu2 ssu-2 homolog 0 4.378465221 Inf 0.0347339
Up Efcab? EF-hand calcium binding domain 7 3.149664884 15.49901841 4.9208468  0.0387037
Up Ppplrlc  protein phosphatase 1 regulatory inhibitor subunit 1C 0.346683506 5.082973887 14.661712  0.0406703
Up Efhb EF hand domain family, member B 0.223976837 5.23810392 23.386811  0.0463064
Down Ch25h cholesterol 25-hydroxylase 79.56806298 32.14395902 0.4039807  0.0473794

Figure S8. Prolactin was predicted as a candidate for impaired fear extinction in E2 treated

OVX,t mice



(A) Volcano plots of mRNA sequencing data from the mPFC of OV Xsy versus sham, OVXsy + E2
versus sham, OV X, versus sham, OV X, + E2 versus sham, OV Xt mice versus OVXgt mice, OVXt
+ E2 mice versus OVXgr mice, OVX 1 mice versus OVXgy + E2 mice, OVX, 1+ E2 mice versus
OVXsr+ E2mice, OV Xgsr + E2mice versus OV Xgr mice, and OV X 1+ E2 mice versus OVX,tmice. (B)
Number of differently expressed mMRNAs (DEGS) in OV Xst+ E2 mice versus OV Xgsr mice and OVX,+
+ E2 mice versus OVXt mice. (C) Venn diagram showing different mRNAs in OVX,t + E2 mice
versus OV Xsr+ E2 mice overlap with different mRNAs in OVX ++ E2 mice versus sham mice and
different mMRNASs in OV X1 mice versus OV Xsr mice. Prolactin was predicted as the only candidate for
the impaired fear extinction. (D) List of part differently expressed mRNAs in OV Xgsr+ E2 mice versus
OVXr+ E2. Data are represented as mean =SEM, n = 3 mice per group. Unpaired Student’s t-test

between the groups.
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Figure S9. Targeting prolactin did not rescue impairment of fear extinction of E2 treated OV Xt
mice

(A) Levels of prolactin mRNA in mPFC of different groups confirmed by gPCR. Data are represented
as mean = SEM, n = 6 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p
<0.01 between the marked groups. (B) Bromocriptine (a prolactin inhibitor, 3 mg/kg, s.c.) did not affect
E2 induced fear memory extinction impairment in OV Xt mice. Data are represented as mean =SEM,
n = 8 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p <0.01 vs saline

control.



Figure S10
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Type ID baseMean OVXsr+E2 baseMean OVX 1+E2 foldChange  p value
Down mmu-miR-409-5p 73819.80783 17623.37387 0.238735028 0.0020206
Down mmu-miR-221-5p 9698.800317 2350.694024 0.242367917 0.0033429
Down mmu-miR-99a-5p 1002666.205 322434.4143 0.321577024  0.0096904
Down mmu-miR-541-3p 835.0290938 286.5040674 0.343106689 0.0174596
Down mmu-miR-96-5p 3165.564997 547.5260783 0.172963145 0.0247847
Down mmu-miR-3082-3p 142.1786421 4643623424 0.326604851  0.0279696
Down mmu-miR-141-3p 343.4698732 115.7693745 0.337058309 0.0321757
Up mmu-miR-323-5p 19.11094323 50.94796522 2.66590532  0.0458561
Down mmu-miR-183-5p 4529.028964 634.9675795 0.140199496  0.0482074

Figure S10. Differently expressed miRNAs between E2 treated OV Xgsr mice and E2 treated

OVX,t mice

(A) Volcano plots of miRNA sequencing from the mPFC of OV Xgrversus sham, OVXgr+ E2 versus
sham, OV Xy versus sham, OVX 1+ E2 versus sham, OV Xt versus OVXgr mice, OV X, 7+ E2 versus
OV Xgr mice, OVX, 1 versus OVXgr+ E2 mice, OVX 1+ E2 versus OVXgr+ E2 mice, OVXgr+ E2
versus OVXsr mice, and OVX, 1 + E2 versus OVX,r mice. (B) Number of differently expressed
miRNAs (DEGS) in OVXgr+ E2 mice versus OVXst and OVX 1+ E2 versus OV Xt mice. (C) List of

some differently expressed miRNAs in OV Xsr+ E2 mice versus OVX 1+ E2. Data are represented as

mean =SEM, n = 3 mice per group. Unpaired Student’s t-test between the groups.
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Figure S11
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Figure S11. Infor

mation from women
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(A) Counting of premenopausal and postmenopausal women enrolled in human research. (B)

Normalized E1, total E2, and E3 in plasma from different ages. Data are represented as mean =SEM.

1-way ANOVA followed by Bonferroni’s post hoc test; *p < 0.05. **p < 0.01 between the marked

groups.
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Figure S12. Increase of CB1 synthesis by E2 in sham, OV Xsr and OV X, mice

(A) Representative western blots of lysates from mPFC slices incubated with puromycin to measure

11



basal rates of CB1 protein synthesis. (B) Co-IP showing newly sythetical puromycin inserted protein

CO-IP by anti-CB1 antibody before and after E2 treatment. (C) Co-IP showing newly sythetical CB1

protein level by puromycin inserted protein CO-IP by anti-puromycin antibody before and after E2

treatment. A-C: Data are represented as mean =SEM, n = 8 mice per group. 2-way ANOVA followed

by Bonferroni’s post hoc test; **p <0.01 between the marked groups. ns: no significance.
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Figure S13. MiR-221-5p regulated ubiquitin mediated proteolysis pathway

(A) MiR-221-5p predicated target genes were analyzed for different cellular pathways using Functional

annotation clustering with DAVID functional annotation clustering tool (http://david.abcc.ncifcrf.gov/).

Enriched by KEGG pathways, genes displayed a significant enrichment for ubiquitin mediated

proteolysis. (B) Left: Samples of western-blot showing the levels of CB1, Neurlla, and Neurlla in

12



OVXsr and OVX t mice mPFC after E2 (0.1 mg/kg, 1-week once daily, s.c.) or chloroquine (a
autophagy-lysosome pathway inhibitor, 20 mg/kg, i.p.). Right: Relative immunoreactivities of CB1,
Neurlla, and Neurlla were normalized to OVXsr untreated group. Data are represented as mean =+
SEM, n = 8 mice per group. 2-way ANOVA followed by Bonferroni’s post hoc test; **p < 0.01

between marked groups.
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