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Expression characteristics of placental steroidogenic enzymes in preeclampsia
Chen Zixi', Sun Guotai', Jiao Haining?, Xiang Fenfen', Zhong Zhengrong', Wu Rong!

(‘Department of Laboratory Medicine, Putuo Hospital, Shanghai University of Traditional Chinese
Medicine, Shanghai  200062; *Department of Obstetrics and Gynecology, Ruijin Hospital,

Shanghai Jiao Tong University School of Medicine, Shanghai  200025)

Abstract Objective To investigate the expression patterns of key steroidogenic enzymes
(CYP11A1, HSD3B1, and CYP19A1) in placental tissues from preeclampsia (PE) patients and
evaluate their potential as biomarkers for PE. Methods A case-control study was conducted using
placental tissues from PE patients (PE group, »=3) and normotensive pregnant women (control
group, n=3). RNA sequencing was performed to identify differentially expressed genes (DEGs),
followed by validation of target gene expression using Western blot, qRT-PCR, and
immunohistochemistry. Steroid hormone levels in placental tissues and serum were measured by
ELISA. Spearman correlation analysis was used to assess associations between gene expression and
clinical parameters, and receiver operating characteristic (ROC) curve analysis was performed to
evaluate the predictive value of target genes for PE. Results The results showed that 501 DEGs
(P<0.05 and |Log>fold change| >1) were identified in PE placental tissues, with KEGG enrichment
analysis revealing significant involvement in steroid hormone biosynthesis pathways. Compared
with the control group, PE placental tissues exhibited significantly decreased protein and mRNA
expression of HSD3B1 and CYP19A1 (P< 0.01), while CYP11A1 expression was upregulated
(P<0.05). Serum estradiol (E2) and progesterone (P4) levels were significantly reduced in the PE
group (P<0.01), whereas testosterone (T) levels were elevated (P<0.05). Correlation analysis
demonstrated that CYP11A1 expression was positively associated with systolic blood pressure
(SBP), diastolic blood pressure (DBP), and soluble fms-like tyrosine kinase-1 (sFlt-1) (P<0.01), but
negatively correlated with placental growth factor (PLGF). Conversely, HSD3B1 and CYP19A1
expression showed inverse correlations with these clinical parameters. ROC analysis revealed that

CYP11A1,HSD3B1, and CYP19A1 each had an area under the curve (AUC) of 0.778 for predicting



PE, with 95%CI ranging from 0.614 to 0.942 (P=0.004). The sensitivity was 94.4%, and the
specificity was 66.7%. Conclusion These findings suggest that dysregulated expression of
steroidogenic enzymes in PE placental tissues contributes to hormonal imbalance, thereby playing
arole in PE pathogenesis. Furthermore, CYP11A1, HSD3B1, and CYP19A1 may serve as potential

diagnostic biomarkers for PE.
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FHRATH (preeclampsia, PE) 2 4F 8k 20 Fil 5 HELHI DA L (Wit =140 mmHg F1/
Pk E> 90 mmHg) & FFE AR (=300 mg/24 h) SRR 2% B T fe Bt NRFE B IEURES
AYELEEIE, BERRIFFEAN 2%~8%2, RSB E &E )T EEERZ —. H
THAHUH H BT A E R, XAE15 PE K5 T 5 WU 7E R A e 1 27 40k 1) 2K
Pk .

IR TS P R B S5 5 A A 3 5 T SO AR A S P11, i B 2 ke 00— i 347
] B8 ELA e S A R o B e L 5 ) ot 4 R A =l G I e S AR A DAY )5 e L R AT 4 T
FE, SHRZRBHRHUEI R E b EE S EMEY. T PE MRS A B A B T
KILPE RIEMTFHLE], CUEGRE T i2Wr PE MIAREY . AHEFIEIL G 50 2
SOFAEMERR, B UERR RS R A OB BB (3K P4S0 FR 11 KR A B
1 (cytochrome P450 family 11 subfamily A member 1, CYP11A1) . 3B-FJL S B it AU 1
A (3B-hydroxysteroid dehydrogenase type 1, HSD3B1) KU R P450 K%k 19 WK K A
B 1 (eytochrome P450 family 19 subfamily A member 1, CYP19A1) 7E PE a4 iy A %
EREE, FEVRAE AR N TNbR SV RIE R, 9 PE ()50 U4 AL i B e 4 A 7t
B



1 B 5k
1.1 EEREFA

Total RNA Isolation Reagent 7%« HRP Aric L =EHT % —Ht (LR =AM R R A
A, B%%5: BS258A. BLO03A) . RIPA 2l (AL ZKERHLARAH, $85: R0010) .
ECL KGR & CGEEB B AR, 155: WBKLS0500-2) . AF[VAEE FMS %
AW 1 (soluble FMS-like tyrosine kinase 1, sFlt-1)  AJa#AEK K F (placenta growth
factor, PLGF) . CYP11A1l. HSD3B1. CYP19A1 % ELISA {7 & (VL7578 % LW R A IR
AFE, 185 : MM-14076H2. MM-0099H2. MM-63707H2. MM-65157H2. MM-50978H2)
CYP11A1 BB AGUA (LM RAEMHARGR AR, $85: bsm-60325m) . HSD3B1
FIANPUIE R SRERFED R R AR AR, $85: E-AB-15112) . CYP19A1 HHi A
ik R B AR AR AR, 585 BS6580) . GAPDH fdi Apufk (sl =&k
PIBARBIR AT, H2%5: 10494-1-AP) o ILEHUR P10 R =E ARG IR A, 515

SA00001-1) .
1.2 ImRERA R

ASHEFER T E-x8 BT L et ATHE RO 2023 4F 1 H 2 2024 4 12 A WliA7E L
P 24 K 2 I J 3 B I B 1= M BE 20 20 1) PR B3 CRBIAD FIIE R iR gRZE R4 1
IR R AR AT (RIS n=12 RIS n=12) « FTE ANALEH AL T hsdE: © T
TR T L2 W 5 4 5] B e 4 v 1L PR AF 92 2% 2 (ISSHPD 2021 ISSHP [ Frsiz B i U g s
MBI 532K S WAE ER, @ xR FER LR g B UE gk 228 ) HRBR G IF1E Ik
L WE PR B S R R . BT AT RA Bilg P BE 2 K I R B R B AR B R
A HALEE LS : PTEC-A-2024-9(S)-1], FraZ5&%E AT FE . L
t, EREREPIA AR AR AL, IR S 5 min P9, DB BN SRR T BT bR A,
WP, ORI 1x1x 1 em® BOZHZY, A G TR AR B8 /K S e 1, IONIRAEE
Ik E T-80 CCURFIRAF o AP EFIIKILT 73 W1 BT 24 h PRAE, TN 75 250l 3 500 r/min
0> 10 min, WERIMGEHAZE 1.5 mLEP B, -80 CUKMERAT . FEASAEE S ORAF-80 °C
FERIRVKAR &, AN SR P A B AR GORE . SO S A0 A 45 SR IR OR 45 R 45 I PR A3

El



1.3 RNA-seq #ERA 25T

TR NIRRT 3 B IEE 4RG3 4] PE 2200, idskImpR(E B I 7 i s ia
M INATEITC 3 B 1L G IRZ 8 00 SR IR A2 A B E 7 0 W, JoHAl 5 IFRE B
FHRAE. PINK PE B3 BGUEgR 2 H B E 00, fEgk 20 J& LLS I 140
mmHg F/B#F 5K £>90 mmHg, HAEAEHIR>0.3 g/24h BFEHLE AIR> (+) o Attt )G
5 min W, MIBFTPE ROBHA T BT A, BETESALERAL, B/ 1x1x1 en® FOZHZY,
4 °CTVe F o A= B R K S B e i3, TN KTE K RNA B b PR A v, IR T8 B
ZH 24 h JEHEFE E T-80 CCUKFRTRAE . JHIE RNA JU 7B AR I A A 21 S Ub AR v 35 IR 1) 3R TA
s, R4 P<0.05 J | Logofoldchange | >1 ([LogoFC[>1) fEAffESM:, Xt 2 R EIAH
FERBEAT MG B2 b, IR 22 R RaA IR B 31T KEGG 5 518k /04T

1.4 qRT-PCR &l mRNA 7K~F

12 BIEF GEGRA 12 67T 22 E fa S 208 RNA $2BUCR A Total RNA Isolation
Reagent X 7fFEHL. FAREAE 42 K70 Ui H 1T RNA $2HL. $REUM S RNA ZiJE L
Asgonm/A2sonm LUAE 1.8~2.0 A EH . HL 500 ng & RNA 543513 cDNA P47 qPCR 43
Mro JBifAZ: 10 uL2x SYBR Green Premix. 0.4 pmol/L IE[Al/[[A 514, 2 uL cDNA F4g,
FFETCHEK A 20 pLo FIEREF Y. 95 CCHUAZTE 30 s; 40 NMEIA (95 °CZfE 55, 60 °CiR
KIGEAH 30D 5 WSMAEIIZE /BT (65°CE 95°C, 4 0.5°Ci##h, {£8 5s) . UL GAPDH fE
NAZEER,  HERER A RIA R 22T It 5, SIF SR 1.

#1 qRT-PCR B|¥F5)

Tab.1 Sequences of primers for RT-qPCR

Primer
Forward (5'-3") Reverse (5'-3")
Name

HSD3B1 GAAGTACGTCCACTCTTCTGTCC AAGTAGCAGGAATCACTCACCAG

CYPI19A1 ACCTCTAACACGCTCTTCTTGAG  TCTGGTTTGATGAGGAGAGCTTG

CYPIIAI  GGCTGAGCAAAGACAAGAACATC AAGATGGTCATCTCTAGCTCAGC

GAPDH CAGCCTCAAGATCATCAGCAATG TCATGAGTCCTTCCACGATACC




1.5 ELISA #:i44r

K ELISA X7 & NGHEH . A A M miE A PE AEWbrEH sFIt-1. PIGF., 2%
[ B A=) & Bl CYP11A1. HSD3B1. CYP19A1 FIZK[E LR R N A2 )@ EER (pregnenolone,
PG) . ANZM% (progesterone, P4) . AMiE KM (dehydroepiandrosterone, DHEA) .
NP (testosterone, T) FIAME T (estradiol, E2) & HIKE KT E =M. EHHHA
SIHRFEART 4°CLL 12000 r/min £5.0 15 min, AMNEMIIEFEA T 2L 3500r/min £5.0 10
mine A FEA S H IR GR I FdE AT AR, A BEARIXAE 450 nm AN EROGRE . BT X
FRELER (1A bR 2R, DAV AR

1.6 Western blot 13l F H /K7

%) 50 mg HEWREA, WERDE 5 IATIA ) RIPA 24 (7 1% PMSF) #4053,
VK 2% 30 min, 4°C. 12000 r/min 250» 15 min Y8 EiERL M BCA & & 1k T
PR (2 pg/ul) , MM 5xSDS _EFEZZME 100 °CA& P 10 min & HAEME; AL
10%73 B RS 5%ik4ilk, #FL_EAE 20 pg EH, 80 V HIKEIRM BEHEN 3 BIREHCN 120
V GEEHIK R SRR EER R O 2 WREEGE R PVDF B (300 mA, 90 min,
4°C) , ¥fE)EH 5% g RE A 1h, MA$ST CYP1IAT (1:1000) . HSD3BI (1:
1000) . CYPI9A1 Hithk (1:1000) 4°CHFEIIA, TBST Pkt 3 5 HRP Frid i) —
P (1:20 0000 FIEWHE 1 h, TBST ¥/ ECL WK R, Lh Image) B M5
KIEMH, L GAPDH NWZ A HI&EA CYP11AL, HSD3BI. CYPI9Al MixtFRiLxE (H

WA RKEE/ NS EAKEE -

1.7 Giith2eAb s

WG IESAaH L X TS RR, iHEVRZ Shapiro-Wilk I & ES 1%, 4
1] b AR ST REA ¢ K5 (Student’s -test) 3 REFEIES DA, LA M (P, Prs) R,
20 [A] LR A Mann-Whitney U 46 (TER PR Z 8D o BRI S I RTE AR AR SR
F Spearman #H5GPE /. It 5238 TAEHFE (receiver operating characteristic, ROC) i
VPl AR B W 2L RE, IR DeLong 36 LA HIZE FIRIA (area under the curve,
AUC) MZESR. S HriH SPSS 26.0 34T, MUK P<0.05 A% 57 BA S



2GR

2.1 WAFERRREE L

W 2 s, IEW4lY5 PE ALLEER . 228, G, k. M4 E A, ALT AL
R EHLEEZS (P>0.05) , PE 4 BMI. PLGF X T-1IE# 4, PE HULYi & 475K &

WU JRFER sFlit-1 AP m T IER A (33 P<0.05)

R 2 MAZER—RmRBR L

Tab.2 Comparison of general clinical characteristics between the two groups of pregnant

women

1z P
Variable Control (n=32) PE (n=23)
value value
Maternal characteristic
Age (years) 29.69+0.94 29.17+0.52 0.48 0.63
Gestatioagenal (days)  274.00 (270.00, 276.75)  277.00 (265.00,278.00)  -0.94 0.35
Height (cm) 161.00 (160.00, 163.90)  162.50 (155.50, 164.00)  -0.08 0.94
BMI 28.80+0.73 24.354+0.76 4.12 <0.01
Systolic blood
112.66+0.78 118.2242.53 -2.99 <0.01
pressure
Diastolic blood
70.00 (70.00, 70.00) 79.00 (71.00, 83.00) -2.73 <0.01
pressure
Laboratory parameter
Fasting plasma
4.36+0.12 4.30 (4.20, 4.50) -0.01 0.99
glucose
Hemoglobin 119.53+2.20 116.00 (108.00, 126.00)  -1.18 0.24
Creatinine 40.72+1.25 51.00 (47.00, 55.00) -4.55 <0.01
Blood urea nitrogen 3.40+0.18 3.95+0.19 -2.0049  0.05
ALT 12.30 (10.60, 15.00) 11.91+£1.07 -0.79 0.43
SFlt-1 (pg/mL) 139.20+4.96 196.74+4.88 -8.27 <0.01



PLGF (pg/mL) 143.58+2.89 106.80+4.00 7.45 <0.01

Neonatal characteristic

Birth weight (g) 3306.4180.499 3372.17+130.31 043 0.65

2.2 MFPHrdR

N B R AT I 2 AL, X PE ZERN I SR Rt R ALk AT T i P 0 . T
PR IEARAE (P<0.05 H |LogoFCl > 1) , FLEEH 501 NZEFRIARRE, He LR
159 A, TEER 342 4~ (K 1A) . B 1D I 72 R e Z R0 29 NEERE (3 P<0.05,
H¥ PEHT) . i#id KEGG @& H£00, 4R B8 2 Rl A 2 AR B
HEWRRESEE (B 1B, 10 , M. GPEIEEEE N (ovarian steroidogenesis) + [l
FEIER A A B (steroid hormone biosynthesis) MR EH) & Al (folate biosynthesis) + TGF-
B {55l (TGF-P signaling pathway) . Hippo {5 5l (Hippo signaling pathway) 2, JL
t, E AR BIAHNE RS b, SRR ARG Bl R L R E E A (P<0.001) HEEZA
B BFEERRILIF (B P<0.05, B 1B, 1C) , Ml NAHE It k% O Fil % .



Bl 1 ZRFEERZIRETN 2 Hr

Fig.1 Analysis of differentially expressed genes and functional prediction

A: Volcano plot of differentially expressed genes (DEGs); pink and blue dots denote significantly
up-regulated and down-regulated DEGs, respectively; B: Bubble plot of the top 20 most significant
KEGG pathways; the right y-axis displays level 1 functional classifications; C: Chord diagram of
KEGG pathway analysis; the left sector displays the top 50 most differentially expressed genes
aggregated by pathway; connecting ribbons illustrate gene-pathway associations, with pink and blue
representing up-regulated and down-regulated genes, respectively; the right sector shows the top 10

most significantly enriched pathways; D: Hierarchical clustering heatmap of DEGs based on



Logio(TPM+1) values.

2.3 Western blot. qRT-PCR fl ELISA Ul IE# 41 PE 42 R3H KIRIEKF

#:T DEGs Migiit# &Mk (P<0.05) K&ILAE PE ARALH]H AR, ABFFE A
ST S B 2 A I B T 1) 3 AN SCH SR : CYPIIATHSD3B1 1 CYP19A1 i3k Western
blot.qRT-PCR HI ELISA AR, #5il] [ iX Le3L (R 7E PE Al IE & GE R G 5 40 2R b 1 R IE 7K
g5 (B 2A-2E) BoR, SXIEAMHL, PE A iH CYPI1AL A E M mRNA £IiAK
P E I (P<0.01) . PE 41+ HSD3B1 F1 CYP19A1 & A1 mRNA Fik/KFH F#(P<0.01),
ELISA £ E7x, PE a#i4H4it CYP11A]l W& & i (P<0.001) , PE 4+ HSD3B1 A

CYPI9AL MG T T (P<0.001) , 455 58554 F 0 brdh 51—

& 2 IEHAM PE ARSI ASF CYP11A1. CYP19A1. HSD3B1 HIFAKF

Fig.2 Differential expression of CYP11A1, CYP19A1, and HSD3B1 in placental tissues

from control and PE groups



A: Western blot analysis was performed to assess the protein expression of CYP11A1, CYP19A1,
and HSD3BI1 in placental tissues from PE and control groups, with GAPDH used as a loading
control; B: RT-qPCR analysis was performed to assess the relative mRNA expression levels of
CYPI11A1, CYP19A1 and HSD3B1 in PE and control groups; C-E: ELISA was performed to

quantify the concentrations of CYP11A1, CYP19A1, and HSD3BI1.

2.4 BRI AR 2R E A RRIAKE

Ryt U E H AR BEITE PE AW T MRIARFE, R A e UL 0 fa At 4L 4T s
Mo iR ER (E3) : PEAREEIRZEMM CYPIIAL S RASEHTE 6, HY Ol
SRR SR TR, 8 CYPIIAL 1€ PE fAfi4l4Uhm3RiA; PE HRaigs: 24
HSD3B1 Ml CYP19AT Zet0f5 5 W Ry, RHIXMWFNEEAE PE JRA% 7~ 2 4 IRRiE .

B 3 AR ifaE AL F CYPI1AL. CYP19A1 1 HSD3B1 ZREANRIE

Fig.3 Immunohistochemical analysis showing CYP11A1, CYP19A1 and HSD3B1

expression in placental tissues
2.5 CYP11A1. HSD3B1 fl CYP19A1 F ARIE S RIEFR IAH S

W% 2 Fios, PE S5IE® IEIRAEISEIE . &F5KIE. BUEF. JRZEE LK sFlt-1 A1 PIGF 7K



SV EMAFAEREER (P<0.05) . NETT CYP11AL. HSD3B1 Ml CYP19A1 FRAKIRIE T
SEIXLER ZK RN, BE4T T Spearman AHR LM, WK 3. 45 EIR: CYP11A1 KL SFlt-
1 (r=0.85,P<0.01) . W&iE (r=0.71,P<0.01) . #F5kE (r=0.48, P<0.05) . WEF (r=
0.69, P<0.01) EIFM%, 5 PLGF (r=-0.84, P<0.01) E4H3%; CYP19A1 f#%ik 5 PLGF
(r=0.78, P<0.01) . BMI (r=0.51, P<0.05) Z2IFAI3, 5 SFlt-1 (r=-0.80, P<0.01) . Y4
JE (r=-0.70, P<0.01) . 4F3KJE (r=-0.58, P<0.01) . HLEF (r=-0.84, P<0.01) S 1A,
HSD3B1 [f15iA 5 PLGF (r=0.82, P<0.01) RIEME, 5 SFlt-1 (»=-0.83, P<0.01) . U4
JE (r=-0.71,P<0.01) . &Fik/E (r=-0.52, P<0.01) . WLEF (r=-0.66, P<0.01) 2 FAH%;
RERSG 3 MERRIEL TR EMNE (P>0.05) , RHIREEAT H brEt B RG#
IE S S

# 3 CYP11A1. HSD3B1 fll CYP19A1 EERZ 5 IRIKIEHR AT 44T

Tab.3 Correlation analysis between CYP11A1, HSD3B1, and CYP19A1 protein expression

and clinical parameters

Protein SFlt-1 PLGF BMI SBP DBP Cr BUN
CYP11A1  0.85** -0.84%* -0.31 0.71%* 0.48* 0.69** -0.08
CYP19A1  -0.80** 0.78%* 0.51%* -0.70** -0.58** -0.84** -0.05
HSD3B1  -0.83** 0.82%** 0.40 -0.71%* -0.52%* -0.66%* 0.15

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Cr: creatinine;
BUM: Blood urea nitrogen; *indicates that the correlation coefficient P<0.05; **indicates that the

correlation coefficient P<0.01.
2.6 CYP11A1. HSD3B1 fl CYP19A1 X} PE HITMIMME VR4
JEIE ROC hZ M1 iP4L PE A2Wk5EY (sFIt-1. PIGF) « I JEFebs (s E/47 5K 5 «

B ohRetebr (UUBEF. JREZSD LLAZIMTE CYPI1AL. HSD3BI F1 CYP19A1 2 &4 B A%

L RRE . ROC MIZE 04138, sFlt-1. PIGF il PE [¥] AUC 43 %14 0.969 1 0.978, 95%

—

CI 5354 (0.922~1.000, 0.942~1.000, P 3J<0.001) , REEEIIHA 100%, F 5K 83.3%.
W4y A1 475K B T PE (1 AUC 2+ 515 0.843 F1 0.796, 95% CI 43514 (0.703~0.982,
0.628~0.964, P<0.001, P=0.002) , REFEZN 88.9% F1 83.3%, FKrE N 77.8%F 83.3%.

WLEF. JRZAE TN PE Y AUC 4235125 0.904 1 0.551, 95% CI 4r%15 (0.805-1.000, 0.359-



0.743, P<0.001, P=0.602) , RIFFEEHN 94.4% F1 38.9%, HrstEY N 77.8%. CYP11AIL.
HSD3B1 1 CYP19A1 il PE ) AUC 355 0.778, 95% CI ¥4 (0.614~0.942, P=0.004) ,

RIEPIELI N 94.4%, F5REHIN 66.7%. SERILE 4.

# 4 CYPlIAI. HSD3BI Rl CYP19A1 % B0 BB TR 8 PRAL

Tab. 4 Evaluation of the predictive value of CYP11A41, HSD3B1 and CYP19A1 for

preeclampsia

Variable AUC SE 95% CI P value Cut off  Sensitivity  Specificity
sFlt-1 0.969 0.024  0.922-1.000 <0.001 >175.55 100.0 83.3
PLGF 0.978 0.018 0.942-1.000 <0.001 <123.77 100.0 83.3
Systolic blood

0.843  0.071 0.703-0.982 <0.001 >111.00 88.9 77.8
pressure
Diastolic blood

0.796  0.086 0.628-0.964 0.002 >70.50 83.3 83.3
pressure
CYP11A1 0.778 0.084 0.614-0.942 0.004 >7.41 94.4 66.7
CYP19A1 0.778 0.084 0.614-0.942 0.004 <192.85 94.4 66.7
HSD3Bl1 0.778 0.084 0.614-0.942 0.004 <118.78 94.4 66.7
Creatinine 0.904 0.051 0.805-1.000 <0.001 >42.50 94.4 77.8
Blood urea

) 0.551 0.098 0.359-0.743 0.602 >4.35 38.9 77.8

nitrogen

2.7 PE B MiE RAAHH R PR ERRBER AT

NIRFURE IR S PE REL, ABFFuil ELISA &l Rk B IIE PE G4 /2 3 4b
FTHIEWB/AFEMN WA, G315 x (B4, PEARFRALF PG, P4, DHEA K
E2 KPAIEH HE RG22 L (P>0.05) , 1M T /KFHE EF, ZRAEHSGITHE
X (P<0.0001) ; PE ZHILiFEH P4 1 E2 B&AIK, 25 AA SR (P<0.0001) , 1 T 7K
FETF, ERAASGIEE L (P<0.01) , PG, DHEA /KPR IEHH 2R BTG #5 L

(P>0.05) -



B 4 FRETEAEY ERARJ/HEAKIMES T. E2. DHEA. PG 1 P4 FIRELE

Fig. 4 Comparative analysis of steroid hormone concentrations in placental tissue and

serum between PE and control pregnancy groups

A: ELISA quantification of steroid hormones in placental tissue homogenates; B: ELISA

quantification of steroid hormones in serum; **P < 0.01, ****P < (0.000 1 vs Contrl group.
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PE R UEIRIIRFA 1™ EIFRAEZ —. AT, IafThremag g PE A LRI
OV PR, HHIEAE> THLE MR B B . JT4ER, RNA-seq HOARHIREN M7 PE 17>
THLRHR AL THLE. AHF T RNA-seq AR O In S AT Fe sk Al 2 o i, S5 2R R
LA ERRIEEENZ 5RERHR LY &g, H PE BEREAEMERRNANELL.
BEAE AT FEUESEUS), PR O AT % 07 )2 AR R AR L L 8 2 5 PE A0 . AW FEAE
P KT S8 IE 13X — WL

B R R AP B AR T B AR VR IR E W, ZRRifArh CYPIIAT ML I [E e 40y
ZPIEEENH , HSD3B HE— AR 207 B B e A 9 2 BP0 AT 58 RNA-seq 45 R 27 PE iR 4H
Zih CYPIIAL FRIE N, HIIESLIEE R IR PE 40 CYP11AL fEERE M mRNA /K-F1 &
& 1, PE FRELEFRZANMF CYPLIAL Jetaf5 5 W IR, X — KI5 Moon etal ' 5T
GERM . WD TEMRE, CYPIIAL FERIETIESIAERZ, HidRA @
W IR 2 F WERINH AR IR 28 fE 125 PE WA IERE. ARF A, CYPIIAL Al fE

I R AN S A A 2 5 PE MR LTI RERRAG . Fek Y (n=3/41) SHAESR:



SRR ESR, AREETREA RN KRB SIX R . B AT HSD3B 76 PE R HL
PIERAIAEE G . Hogg et al BT R R F R A PE JA 8L HFA77E HSD3B1 R I 535 (K H
FALIG, T Shimodaira et al " B 55 s BE& HSD3BI/HSD3B2 #:K 238545 PE KK TG
BE KB AWHFUIESE PE fafith HSD3BI 1EH A mRNA 7KV 832 (K, PE 7724
farh HSD3B1 Y (5 5 B k55 . X — KU NIRAFLAE HSD3B 7E PE i (¥4 M AE
RALHT RIS . CYPI9AT ARy [ R M ACH I SC A, 97 BT fHE A RRE 3R 1) MR 1O
A, AWFCIESZ, PE JAELIAZT CYPI9A] RIATFAERF i, X5 Jiang et al SHT 5
2 R — 3, R BRI VT IR E A CYP19AL RIAFNE M, PE B35 64 CYP19AL
FIE T P B R AU B 10 R S L AR FUHR 7R PE B3 A 7E S [ B 3R & g
FilJE CYPI9ATL TG FRAE T B ME R M R B 2 451, X T REE PE N XA 36 ALK B
ForFHAl . ARFFERBL, CYP11AL. HSD3BI Ml CYP19AI &1k 5 PE B&MME. AL
P f sFLt-1 #1 PLGF & AH%, H ROC 7041 i27x CYP11A1. HSD3B1 Hl CYP19A1 Fiitill PE
(1 AUC 120 0.778, REUEYIN 94.4%, TN PE BAEIL R XK B, Jind i i
BB TRy PE SN 0 S b A, A S R R S AR

AT A ST R A LA, AT T PE SR 5 IE A 3 K A A 2
PR 2. SRR R PEBFEME T &b, P4 M E2 WEFE8: PE BEMGHA YL
T REF S, HRMERLREZEER, ORI S E ML E RKCE 1 F 28w A
FURM, PE BAALIE R Wi e R G iRk, S SR E AR A kD S R
Flo XA AL AT REEIT E AR B, I A RS . RN 1R 2 B e B ik
WA R ®RAE S PE K. XL IE AT e iR A BEELO () B AE SR AT RE R MUK
REER L. AR T PE B35 K R A IE X 5 & B M HE R R, N PE R
TALEIR UL T B BRI, OIT R T T A= bR S P4 T IR A
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