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(i E] HBY %5044 Z D(vitamin D, VD) it = 5 2488 P 22 51F ( polycystic ovarian syndrome , PCOS ) & IR AL 22 8] (1 5
B, F53E AN 34 61 PCOS 2351 30 1 I g B2 PR PN VD 7K, 06 G PR GERL A TAR GCME 08T s Ak VD Bie= /N UL A
PCOS /N U AL, 43 TF 3 % B 2H (control , CTR 41 ) \PCOSZH VD = 4H (VD 4) VD B Z 14 PCOS ZH (VD +PCOS 4H ) , W<
A5 LL/INER BT T B B ST 25 O 5 A D /N BRI 3 Tk S R A R AR IR b 5SS A SRS Wl E SN (real-time quantitative
polymerase chain reaction, RT-qPCR)JERGINAS2H /N FEHHLA 2L i 28 5 B B B 3R 32 R mRNA Ak, Z5 53R : PCOS itk
M 25-F 24842 3R D[25-hydroxyvitamin D, 25(OH) D J7K-F-HE R 2] PR (16.49 £ 6.50 )ng/mL vs. (20.08 + 5.28 ) ng/mL,
P=0.019]. PCOS 2 IfiL i & 14/ 1, % (luteinizing hormone , LH) . 2 (testosterone , TT) . B/ /: Ji 25 5 BRI 2 (follicular-
stimulating hormone , FSH) FU B Bl LH/FSH FUAEL | 377 25 1 i 22 5 50 (free androgen index , FAT) K34 W i = X FRAH, PR £ 45
£ 8 H (sex hormone binding globulin, SHBG ) K- AR FXf B4, 22 3 A G i 248 L (P < 0.05) . HHSEPE TSR BN,
MUBEAR ABEIM S 25(0OH) D /K5 LH(r=-0.271, P < 0.05) .LH/FSH [¢A8 (=—-0.314, P < 0.05) . TT (r=-0.276, P < 0.05) . dE{k
WL ZE (prolactin, PRL) (r=-0.274, P < 0.05) .FAI(r=—-0.312, P < 0.05) #J & i }H 3¢ , PCOS .34 IfiL i 25 (OH) D /K °F- 5 PRLF
PESAE G (r=-0.404 , P < 0.05) . VD = ffi /N ERL A% il J9) 2 25 455905 5 15 CTR 2HAH L1, i 2% 28 /I BRI v LH KT B 8 -3
(P <0.05) ;5 CTRALAH EL, VD 1/INER 0 S0 2L I 2R 3244 (androgen receptor, AR )mRNA ik [ (P < 0.05), £5i:PCOS
BEEAEVD = 4L, PCOS B3 IML7E 25(OH) D /K5 PRLAFFEUAIICOE R . VD BZ AL T/ BUE# 215 S 52 ma 3
FIKOF, VD ez T gl T PR R 2 AR IR R 2 5 PCOS R A
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[Abstract] Objective: To investigate the association between vitamin D (VD) deficiency and the pathogenesis of polycystic ovarian
syndrome (PCOS). Methods: Vitamin D levels were detected in 34 patients with PCOS and 30 healthy women, and the correlation
analysis was performed. Vitamin D deficiency mouse model and PCOS mouse model were constructed and divided into four groups :
control group(CTR group) ,PCOS group, vitamin D deficiency group(VD" group) , and vitamin D deficiency combined with PCOS group
(VD+PCOS group). Estrous cycle and ovary morphological changes were observed. Serum sex hormone indexes and glucose lipid

metabolism indexes were detected. Real-time quantitative PCR (RT-qPCR) was used to detect the mRNA levels of hormone synthase
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and sex hormone receptor in ovarian tissues. Results: The levels of serum 25-hydroxyvitamin D[25(OH) D] in PCOS women were
significantly lower than those in normal healthy women [ (16.49 = 6.50) ng/mL vs. (20.08 + 5.28) ng/mL, P=0.019]. The levels of
luteinizing hormone (LH) , testosterone (TT) , LH/FSH ratio and free androgen index (FAT) in PCOS group were significantly higher
than those in control group, while the levels of sex hormone binding globulin (SHBG) were significantly lower than those in control
group, and the difference was statistically significant (P < 0.05). Correlation analysis showed that serum 25(OH) D levels of the total
sample population were negatively correlated with LH (r=-0.271, P < 0.05) , LH/FSH ratio (r=—-0.314, P < 0.05) , TT(r=-0.276, P <
0.05), prolactin(PRL) (r=-0.274,P < 0.05) and FAI(r=-0.312,P < 0.05) respectively, and serum 25(0OH)D levels in PCOS patients
were negatively correlated with PRL (r=—0.404, P < 0.05). Vitamin D deficiency stalled the estrous cycle in mice. Compared with the
CTR group, the serum LH levels of mice in other three groups were significantly increased (P < 0.05). Compared with the CTR group,
the mRNA level of androgen receptor (AR) in ovarian tissues of mice in VD™ group was increased (P < 0.05). Conclusion: Vitamin D
deficiency existed in patients with PCOS. There was a negative correlation between serum 25 (OH) D and PRL in PCOS patients.

Vitamin D deficiency disturbs normal estrous cycle and affects sex hormone levels in mice. Vitamin D deficiency may participate in the

occurrence of PCOS by regulating the expression of sex hormone receptor.
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% 3 Gl 525 5 AIE (polycystic ovarian syndrome,
PCOS) S5 i UL IR S B 08 S0 20 PR % TR - M 22
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PR, PCOS H Hi AN B , n B2 18t 1% A
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24 & D (vitamin D, VD) J& —FP 2 [F i &,
FEYBEEE AR AR KT ., T
KA G RATFE & B, VD it Z 7 PCOS 34 v LB w
U, 5 PCOS & 1 B i & B I fis AR 3 52 A 45 A7
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FEAE T PCOS Lo I IE i Ag B 2o P il 35 v VD K-
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AT EE T VD = /N  PCOS /I RS A I
VD il = B PCOS /N AL WL%E VD ik = 7E PCOS
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# & (follicular-stimulating hormone , FSH) | fi¢ % {&
He B 2 (luteinizing hormone , LH ) i B¢ 4 528 W Ff}
(enzyme-linked immunosorbent assay, ELISA ) {7l &
(R = e ) s RNA $RHGATH TRIz0l | 5 S AT PCR
1) & (R BCUMERE ) 5 TR ACKRS G (LU L PP AR g o
WAL R FEAH])

1.2 ik

121 leRFAKE

ARBFFEIMIEFEA A [ 202047 H—202243 A
T AT BE RO B i R B B RS IR i2 W
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£ H AR FE 5% (body mass index, BMI) . A5 £
A ot R R 2% B i R S Bre AR P 2 51 2 b o (fR v
%5 :2021-SR-030)

PCOS HAH ABRIE  AF W 7 20~40 2 5 7545 PCOS
ZWRIE. PCOSTZIHRER ] 2003 4F RN AR
S ARG 5 5% [ A2 51 B= 5 5% 2 (ESHRE/ASRM) Ji
FEPHL R U bR U - OFS & HEBR s TCHEDW
e R IRy A1 28\ ) 280 A 0 2~3 AE R S
HEH 28 DS RAR 5 500 s A I, A R T
A HETR M 28 5 Qs MR 1 PR R S0 i e 8
FMLAE I R R, Qs 26, 05 S 52T e
SR TR QUM S PRl B A A
— ] A B L T E AR 2~9 mm (Y B L =12 S
(30 DFEAE=10 em’, FFE B3k 3 WP AEAT 2331,
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BT 32 1 PCOS.,  fekt FE xof B 20 A A b o - (DAF %
20~40 % ; QBT RGA WR IEH ; @I % =K
R 8 7R TR o HERR AR I « QO PR HAb 0 3 Bk L
F Tt Qi 34 H IR b 2454 SUNR R
A 2 i R AR 25 ) s AL T 4 Uk 401 = 7L
1 @R TR IR D e ) AR S S0 iU b
PR %6 1 T 5 o 5 A BT AR 25 5 O A1 A B 55 At AR
KAEBENT ; @M s DI 34> H IR 52 e 14
VD R4 WA T R A R 250
122 SBREHireE

75 7 5t BE R OR 2 B % Ok BE B A 4 B i 2k
R T R A 1 LR 7E 0 S B 0 WA
WL J5 3EATC AP R 2 22 A6 96 e, B3 1 A6 I PCOS
21 R RIS R I A B L PR I 355 25 (OH) D 7K
-, HAR AR bR ST R At R R OR A B R K R B A
SRS AR W AR ) T 2 AR 2~5 K,
ZEFARE T EVORZH IE R 8 h 5
R IR I o AS DU HE AR AR R 4 & LH (FSH |
Wt — P (estradiol , E2) . 22 ( progesterone , P) |, 52 [ifi
(testosterone, TT) 1E 1 £ 45 4 Bk 4E 1 (sex hormone
binding globulin, SHBG) . H. = (prolactin ,PRL) ;
IR PR : 25 B MUBE (fasting blood glucose, FBG) .45
e = (fasting insulin, FINS) . jut JH [# B (total
cholesterol , TC) . H JH =8 (triglyceride , TG ) . {2y % &
g 25 1 RH [E B (high - density lipoprotein cholesterol ,
HDL-C) %% B fig £ 11 I [&] 5 (low-density lipopro-
tein cholesterol, LDL-C) A& B R IR A= il &= (thyroid
stimulating hormone , TSH) . H £ il 45 S 11 5 LH/
FSH FAH | U7 25 1 3% 2% 45 £X (free androgen index,
FALD) =TT x 100/SHBG, 2k H £ &5 155 A (homeostasis
model assessment, HOMA) 11 5 i 5 & HK T 5 4L
(HOMA - insulin resistance, HOMA - IR) =(FBG X
FINS)/22.5,
123 FhshthaabRads

20 H 3 JE i ekt e i 4 CS7BLY6 /N BUSPF 28
1 5t BE R R A S 86 sl ) O [V AT HIE 4 5 SCKK
(75)2021-0001 ] o fEili B 25 °C 38 (50 + 5)%
D BRI 12 h/12 h Y EREE Hh i LR S, AR S8 5
R Z G Bt BE R R S S W AR A4S B Do T
AL E (45 : TACUC-2007007) o /I B 7 1 PR 5
185, BEML 5 A IE 5 X5 B4 (control, CTR 4H) |
PCOSHL VD #kZ 41 (VD 41) VD B Z B £ PCOS 41
(VD +PCOS L) (4455 H) , 43 5l 7 b i o i

VD 2 fakE VD 2 fa IR SR o fRDEHEC ] Ar iR
HBHE AIN-93 brifERL 7427, % VD 1 000 U/kg fAH
0.5%%%5 , 0.3%1W ; VD 6kt = 1 kL : JL A& VD, %
2.0%%5 , 1.2%W .

CTR 4 - 1] A4 55 [ AINO3 bl %) BA kel
T 6 & 5 A H B4 10 mL/(kg-d) 0.9% NaCli#
THES S 21 d R R

PCOS 4 : 1Al AF 4 9% 1R AINO3 Fr 1 114 % HE 1]
B, 6 Ji 5 B H LTk M 1 mg/ (kg )T
0.9% NaClIAETE 1 (Let-0.9%NaC)HE S |, %221 d )5
W

VD2 : W VD sl = fak} fR 6 J8 5 A H
T 10 mL/(kg-d) 0.9% NaCliEWHE H , %421 d 5
gz

VD +PCOS 4 : {Al M2 VD ke = B, 15 6 & )5
H L7 1 mg/(kg-d) Let-0.9%NaCl %R0 1S | i
2221 dJFIRE

MR R A AR B 1 d R 1R R R K . %8
T B RN & AT it 48 h A BERL 4 Y BURE K e
PR
1.2.4 i R g 2

FEIE AR 6 J 55 9 JAkE T4 K A 09: 00—
10: 001 Ff] 10~20 L A= FEER K X6 /)N B B3 9047 v
EITUSCAR BTG | R A, Hedp 2 8 do WS BHIE b Ko 2
R AE B B 2 3% B E FH 95% £ P [ 7 10 min, il
JHO.19% AR WY (5,3 min, FFIEA AARKT G,
il Pt 38 A WA B AT R . ARPE B IA E R 2
MaAp s O A A BT ) TR ME 7 L (G2 e 2
L) PFAR /N ERUIT A P Sl 1T R B B
1.2.5 K Z 474 (hematoxylin and eosin, HE) 3 &,
MR KL RIP R BHBEF T

SR R, TR LS 2 h, R |
BB BEEIAS K AL CHE Gt rh PR IS 3 R (B T S 7E
FOG e T W52 45 20 51 5120 U 28 T R AL AH LY
L
1.2.6 R ik P 25(0H) D B & A fs K s 35
ARAG

/NERUALTRE P 25 (OH) D 7K i B ME = BE 2246
55 friz BT EAS 5 /N BRI TT . TC..TG . HDL-C.,
LDL-C ¥ i At 5t At 5 A= W B AR 55 B A BR 23 w1
FE 5 MM IO (SR 3 ELISA V546 0 4% 25 /)8 KL,
1 FSH.LH /K, #2218 ELISA A5 I3a7) & i 4545
YEALBR , ol AR O FE 0% 4 450 nm A0 5-FLIROG
B ARAEN A T RS o i
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1.2.7 BT E 2 RABF4% R (real-time quantitative
polymerase chain reaction, RT-qPCR) #& M| 97 3 48 27
P55 i A AR % R B 89 mRNA K-

{4 TRIzol 1GH FEICIN A LU 4 RNA, It

FT%E 5% FI SYBR Green Realtime PCR iR &1 k4T
RT-qPCR £ il 240 21 8 25 G BOAH DG 56 K 9 mRNA
IR, 274 R R DA TN 3 ) mRINA AHXT R 357K
Vo SITEINLE L,

&1 51455

Table 1 Primer sequences
SN AR Eiif(5°—37) (5 —37)
B-actin GGAAATCGTGCGACATTAAAG CGGCAGTGGCCATCTCTT
STAR AGCATGTTCCTCGCTACGTT ACCTCTCCCTGCTGGATGTA
CYP17A1 GCTGCTTACCCTAGCTTATTTGT ACCGAATAGATGGGGCCATATTT
CYPI9A1 CGAAAGTGCTATCGTGG TT TGTGGAAATCCTGCGTCT
LHR GACAACCTCCTCAATCTGGTCTG AAAGCGTTCCCTGGTATGGTG
FSHR GGCCATGCTCATCTTCACTG ATAGAGGAAGGGGTTGGCAC
AR TAGCCCCCTAT GGCTACACT CATGGTCCCTGGTACTGTCC
CYPI1A1 TGCCTCCAGACTTCTTTCGAC GCTTCTGCCTTAAGTCCCAGT
esrl GATGGTCAGTGCCTTGTTGGA CCAGACGAGACCAATCATCAGA

1.3 “%it5H %

K SPSS26.0 HEATHE 27 0 M o I N IE 543
1L BRI + AR 5 + ) 28, PIALN
HE e R T 57 B A 0 0 50, 5 0L ) O LB T
Prism 3% H 5K K J7 22 53 Hr (one-way ANOVA) Fll
Tukey’s 78 s RN IEAS S R0 HHREVE R
LB VU H0) [ M (Pas, Prs) 13678, F Mann-Whit-
ney UNGIRAT IR, HHECRRLR T 595 (%) 4
SRR 7%, VD 5 3 s 77

M, A 1E 25 93 A1 Ze g I Spearman #H 5& 4 3 BT o
P <0.05 HZEFAGHFE L.

2 # R

2.1 PCOS 25 3¢ 18 20— A% FoA Bl R AF AR Yo 4
P FEAE B, AL AG A0S L B i AR BMI 22
SIGe L TR E SRR, PCOS4 LH T,
LH/FSH , FAI 7K S #4855 F X6 B 4H (P < 0.05) ,
SHBG /K- B A T X FEZH (P < 0.05) 5 R IR 3 AE

AHSMES BT, At Al A LE 255375 FH Pearson AH P

Table 2 Comparison of clinical characteristics between PCOS and normal control women

&2 PCOSASIEEXBAIGKIFMELLE

LBERRACHHEAR I 22 57 X g8 L (3R 2) .

Bzt X IR (n=30) PCOS41(n=34) P
— Il
(R 7 £s) 28.10 = 5.15 25.76 + 4.88 0.067
HE(em, X +5) 161.67 = 4.65 162.62 +3.92 0.378
I (kg % +5) 55.47 +7.58 60.91 + 15.25 0.072
BMI(kg/m’,x % s) 21.21£2.73 22.95 +5.41 0.106
PR
LH[ mU/mL,M(P»s,Pss) ] 5.03(3.83,6.40) 11.90(8.74,18.36) <0.001
FSH[mU/mL, M(Pss, Pss) ] 5.55(4.50,7.28) 6.05(5.21,6.79) 0.904
E2[ pmol/L, M(Pss, Pss) ] 122.50(86.51,163.50) 143.50(95.25,204.50) 0.247
PLnmol/L, M(Pss, Ps) ] 1.26(0.99,1.60) 1.20(0.79,1.67) 0.647
TT(nmol/L,X % s) 0.82 +0.36 1.69 = 0.815 <0.001
SHBG (nmol/L,x + 5) 67.90 = 30.63 37.28 +20.09 <0.001
PRL(ng/mL,% % s) 13.63  4.61 15.16 + 8.34 0.360
LH/FSH(x % s) 0.93 £0.32 2.55+1.16 <0.001
FAILM(Pus,Pss) ] 1.11(0.77,1.69) 5.04(3.08,7.22) <0.001
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LD XTREZH (n=30) PCOS#H (n=34) PE
FUIR IR D) RE
TSH(wU/mL,X % 5) 1.54 +0.86 259 +2.35 0.116
i EXAWVIE A
FBG(mmol/L,x + 5) 4.95 +0.06 4.83 +0.07 0.194
FINS[ wWU/L, M(Pss, Pss) ] 7.75(6.17,12.35) 8.61(5.89,15.08) 0.247
HOMA-IR[M(P:s, Pss) ] 1.58(1.33,2.80) 1.61(1.20,3.14) 0.253
TCLnmol/L, M(Pss, Pss) ] 3.84(3.42,4.52) 48.48(42.00,72.98) 0.130
TG nmol/L,M(Pss, Pss) ] 1.19(0.54,1.28) 1.49(1.23,2.51) 0.285
LDL(nmol/L,X + s) 2.25 +0.90 2.87 + 1.31 0.389
HDL[ nmol/L, M(Pas, Pss) ] 1.22(1.13,2.47) 1.52(1.19,1.74) 0.616

22 WM EH 0E25(0H)D KT A5 A i A R
5 &6 RAGARAR RS AT

R Y 34451 PCOS K83 F1 30 191 1 # frtBe 2o A4
WL 25(OH)D K, PCOS LI H 25(0H)D
IR I 6 R o [ (16.49 + 6.50) ng/mLL
vs. (20.08 + 5.28) ng/mL, 1=2.405, P < 0.05, [l 1A ],
iz B VD = (1912 Wi b i, 25 (OH ) D<20 ng/mL

JIVDEZ A PLLRE IR FIARES A VD B 4
FHES = 24, PCOS 41 VD Bl = 2R i 34 15 (*=6.040,
P<0.05, B 1B), 7EEMEA N, 7 25(0H)D
K35 LH \LH/FSH F Al TT . PRL.FALfEAE ARG,
ZERBEAG = X (P<0.05,K1C~G), PCOSH
H I3 25(0H)D /K5 PRLAFAE AL OE , 22 R BA
Giit i (P <0.05,K1H),

A 251 « 100 * [y
3 204 —~ 90 | El3794
E R 80
E:a | 5 70
£ 15 2 ¢
a 450
= 107 W40
s s e
— 4 a
& = 10
0 ; ; 0
XFHRZH (n=30) PCOS#(n=34) 2 (n=30) PCOSH (n=34)
C D E
= -0 r=—0.314 ~ 40
E El
Ea 3 gx 30 o . P<005 Eﬂ 30
a2 =20 o 20
5 =R0 Z 10
g 0 T T T T 1 E O T T T 1 n 0 T T T T T 1
0 10 20 30 40 50 0 2 4 6 0o 1 2 3 4 5
LH(mU/mL) LH/FSH TT(nmol/L)
F G H 10
:é 3 SE r=-0.404
£ El
E S Epao N ._‘.“ P<0.05
2 a a 2093 .
z Z S 104¢ » .
;’l\} 0 T T T T 1 \i m 0 T T T T - 1
0 10 20 30 40 0 10 20 30 40

PRL(ng/mL)

PRL(ng/ml.)

A P41 I 25 (OH) D /K HL#; B PRALER & VD Bt = 5 HEHLES s € MARRAR AR I3 7 25 (OH) D ZKF-5 LH A AR S 4T 5 D -
FEA R 1M H 25 (OH) D 7K 5 LH/FSH AR A AH SEPE 7308 5 B - BREAS AHEINLTE H 25 (OH) D 7K 5 TT AR E SBT3 F o BB AR AR I
i 125 (OH) D K5 PRL A 2087 5 G - B FEA ALY 25 (OH) D K- 5 FATAAHSCHE BT s H: PCOS 4L 2 13 25 (OH) D K- 5

PRL A IEE T, PIAL LA, " P < 0.05,

E1 PCOSALSIEEXIERAME25(0H)D 7k FE K IGRIFEHE S

Figure 1 Correlation analysis of serum 25(OH)D levels and clinical features in PCOS group and normal control group
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23 VD#Z /) RAAER LT

R T R E VD = 1 PCOS & Im ML 2
6] /4 56 28, Pl 138 5k 7] ML VD Bl = )RR £ VD it
Z/NERAERY o AT HE B IS | i B X R R R R Y
TR 2% 2R, 7 1l A AR R T AN 52 T i 45 i 9k 7K

o WE 2A Fras, VD 4L HT VD + PCOS 4 /)N B I
i T 25 (OH) D B9 7K-~F- B 541K T CTR 4141 PCOS
/NE(P < 0.05) , 25 20 22 18] 19 045 A0 i i ik B 24

A B

15
—
E ~
210 S 1
= g
/E 5 05
3 3
s
[\l

R R R

SFO & Q&“‘
L o~
O

A2 /N LIS H 25 COH) D 7K S FUAE 5 B2 4% 21 /Ds UL T AP 85 28 7 3 2 PU AR5 C 2 25 2L/ BRI 3 b 8 7 9 I e

P <0.05(n=5),

FRGE T FE L (F2B.C), VD Bt = /)N AR R F
.
C

a3

g2

£

0
0%/@ 0% &Q‘ 0%
& & O

N L

EGNR

2 VDBRZ/NRRBEE

Figure 2 Identification of VD deficiency mouse model

24 B A RIBIF R SR E

MR 6 JE T (B ARIEA TR i v o 7 b3 ) | % 2%
2H/INFRIEAT Sl T B W ([T 3A) , 25 SR & B, VD ik
Z Rk IR BT S R R B4 (K1 3B)
VD +PCOS 41/ B 1% [ 49 o5 L s T PCOS 4 (P <
0.05,3C), MEFE8 e CkiimES 285 ),
PCOS 411 VD +PCOS 41 /)N B B8 5l 17 &1 399 452 e B
., FEAF TG, 755 PCOS /MRS JE I
AL (B 3DE) . 5 CTR 41 b3, PCOS 41 il
VD +PCOS ZH/INER B HLZH 21 P A UL 24~ 4R35k K
TR UG A= WA R = S T T A e e e

I PEFER (B 3F) o
2.5 BRI RARE PRI E BAE SR IS AR A )

5 CTR 41 VD 4l b, PCOS 41 F1 VD +PCOS
H/NER TSR 10 8 5 AR E B R i (P < 0.05,
K 4A) ;5 CTR 1A e, oA & 4/ BRUMLTE LH 7K
BB (P < 0.05), TT /KA THE i (H2E 5700
Gt E X (P >0.05); 5 CTR 4440 I, PCOS 4 Al
VD +PCOS 4H /N B IfiL7E LH/FSH H (8 P W38 55 (P <
0.05) 5 4% 2H/INERUIMLT H FSH 7K SRR AR5 HE bR A
LR 225 (P> 0.05, F 4B~)) .

26 BAIRIFPELEBAE PR ELSRBEAMNRES
K mRNA K- & ik

5 CTR 414 Fb , PCOS 2H /) FLUBP £ v 20 Jifd € %
P450 it 17 W28 )% A )l 5 1 (cytochrome P450 family
17 subfamily A member 1, CYP17A1) Fl 5 31 4l 4 %%

ZAK (follicular-stimulating hormone receptor, FSHR)
mRNA #5818 (P < 0.05), VD 41/ LR L
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Figure 3 Estrous cycle detection and ovary morphological changes in each group
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