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Estradiol significantly increases the expression of antioxidant enzymes in osteoporotic

rats and osteoblasts in vitro

ZHOU Xuejuan', XIA Ying', ZHAO Yanyan', GU Wenging', XIAO Xiao', BAI Xiaochun', LIU Jun®, LI Ming'
'Department of Cell Biology, Southern Medical University, Guangzhou 510515, China; *Department of Urology, General Hospital of
Guangzhou Military Area, Guangzhou 510010, China

Abstract: Objective To investigate the effect of estradiol on the expression of antioxidant enzymes in osteoblasts and its role in
postmenopausal osteoporosis. Methods Rat models of osteoporosis established by ovariectomy were treated with estradiol for
3 months, and the changes in serum levels of reactive oxygen species (H.O,) and antioxidant enzymes (y-GCS, GSH-ST and
GSH-px) were detected. The effects of estradiol on the expression of y-GCS mRNA and protein in osteoblast-like cells MC3T3-
E1, MG63 and OB were examined with PCR and Western blotting. Using a mRNA microarray, we analyzed the changes in the
expressions of 84 antioxidant enzymes in the osteoblast cell line MC3T3-E1 following estradiol treatment, and the enzymes
with significant changes were verified by PCR. CCK-8 kit was used to evaluate the effect of estradiol and antioxidant NAC on
the proliferation of MC3T3-E1 cells. Results Rat models of osteoporosis were successfully established with ovariectomy. The
osteoporotic rats showed significantly increased serum level of reactive oxygen species (H.O.) and decreased levels of
antioxidant enzymes. Estrogen treatment of the osteoporotic rats obviously reversed the phenotype of osteoporosis, lowered
serum level of reactive oxygen species, and increased the level of y-GCS. In MC3T3-E1, MG63 and OB cells, estradiol treatment
significantly upregulated the expression levels of y-GCS mRNA and protein. In MC3T3-E1 cells treated with estrogen, the
mRNA chip identified 6 upregulated antioxidant enzymes (Gpx6, Gstkl, Nos2, Prdx2, Ngb and Ccs), and the results of PCR
verified that estradiol upregulated Ccs and Ngb mRNAs in MC3T3-E1, MG63 and OB cells. Estradiol and antioxidant NAC
obviously promoted the proliferation of MC3T3-E1 cells. Conclusion Estradiol significantly increases the expression of
antioxidase y-Gces, Ccs and Ngb in osteoblasts in vitro. Postmenopausal osteoporosis is closely related with the increase of
reactive oxygen species and the decrease of antioxidant levels. In osteoblasts, estrogen deficiency may increase the level of
reactive oxygen species, decrease the level of antioxidant enzymes, activate the oxidative stress cascade, and consequently
inhibit the proliferation of osteoblasts to aggravate the condition of osteoporosis.
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Tab.1 Real-time PCR primer sequences and amplification

products.
Gene (bp) Primers
GAPDH (150)
Sense 5-TGTGTCCGTCGTGGATCTGA-3'
Antisense 5-TTGCTGTTGAAGTCGCAGGAG-3'
v-gcs (132)
Sense 5-TGCACATCTACCACGCAGTCAA-3'
Antisense 5'-GAACATCGCCTCCATTCAGTAACA-3'

Prdx2 (180)

Sense 5-TTAGCGACCATGCTGAGGACTTC-3'

Antisense 5-ACACGCCGTAATTCTGGGACA-3'
Ccs (194)

Sense 5-CGGCCTAGGCAGTGACAACA-3'

Antisense 5'-AGTCGTCTGCACCAACACCATC-3'
Ngb (129)

Sense 5-AGTCAGAGCTGATCCGGCAGA-3'

Antisense 5-GGCGGCCATTGTACTGGAAG-3

Gstk1 (140)
Sense 5-CAGCAGTGAAGGCTGGAATGTC-3'

Antisense 5-AACAGTGGTGGGTAGCCCAAAG-3

1.2.4 Western blot 4| FHfE — fEkb 2 MC3T3-EL,
OB 48 hJ5 .MG634ififd 24 h 5 , ] Western blot #:illy-GCS
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Fig.1 Estradiol prevented osteoporosis in ovariectomied rats. A: Body weight; B: Bone density; C: Serum Ca®; D: Serum
P level; E:ALP; F: ACP. (*P<0.05, OVX+E2 vs OVX; ‘P<0.05, OVX vs SHAM; **P>0.05, OVX+E2 vs OVX; "P>0.05 OVX vs

SHAM).
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Fig.2 Estradiol decresed serum HO, level and incresed y-GCS in ovariectomied rats. A:H,O,; B: y-GCS; C: GSH-
px; D: GSH-ST. (*P<0.05, OVX+E2 vs OVX; *P<0.05, OVX vs SHAM; **P>0.05, OVX+E2 vs OVX; “P>0.05, OVX vs

SHAM).
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Fig.3 Estradiol up-regulated the expression of y-GCS mRNA (A) and protein (B) in MC3T3-E1, MG63 and OB cells.

*P<0.01, *P<0.05 vs control.
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