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[(WZE] BH IFEESHUERZR (CaSR) LN sk (PPH ) Bidz/INRA AT o T #Y 11B- 25
R M AU ( 11B-HSD2 ) ik K f2 Bk B (52, J73E 56 FUBiAE CSTBL/6 /N BEALA: Xt IR4L . PPH 41 .
BRI B ANHIFIH (n=14) o PPH 2H . BSHFRIAHAINHIFH /NI EETE 12% 1R IR, BRI i
I ZH /N B R BIZ5F CaSR BEIH) GACL, (16 mg/kg ) S HAMHIFH NPS2390 (1 me/keg ) BB ST 1 ¢ %R
H/NRBFEAEZS S, I PPH 4145 H DASF AR BRER KO AR ) Hp2 14 Ao SRATIARHKS - PRt o
FT L B2p i S8 it PCR T Western bolt 2543 BRI 48 2H /s BUIZH 2 11B-HSD2 mRNA A Hitk
FYFRIA KT ; ELISA JEAG N 25 41/ R 2P i A4 AR ( BNP ) B RS K-, #55R SXRgiMHLt, PPH
NI A BERE (WT% ) |« A0 ESZE0ERERE R (RV/LY) | Il 735 patel (0] K2 BNP ¥ B 2 1
hn, ARmE RO > (P<0.05) 5 WT% I BNP i B 7R 3374148 PPH 414 BTN ﬁﬁLiﬁEﬁEW%ﬂ?ﬂJzﬁ
%5 PPH 20 Frii% (P<0.05) o SXTHBZHAHIL, PPH ZHAY 11B-HSD2 mRNA R HAR (R KT EAR, 25
WA (P<0.05) 5 [RIEVRAEEENIZH 1% PPH 20— A0, iAESR IR A — & BRI (P<0. 05)0
518 CaSR AIHEEALIA Y 11B-HSD2 (383K S e By Bl A= /MR PPH 19 & A AR
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Effects of calcium-sensitive receptors on 11B-hydroxysteroid dehydrogenase type 2
and cortisol in neonatal mice with persistent pulmonary hypertension

CHEN Zhi-Wen, LI Xiang, WU Bing-Xia, MA Ke-Tao, GU Qiang. Department of Pediatrics, First Affiliated Hospital of
Shihezi University, Shihezi, Xinjiang 832000, China (Gu Q, Email: gugiangl06@sina.com)

Abstract: Objective  To investigate the effects of calcium-sensitive receptors (CaSR) on the expression of
11B-hydroxysteroid dehydrogenase type 2 (113-HSD2) and cortisol concentration in a neonatal mouse model of
persistent pulmonary hypertension (PPH). Methods  Fifty-six newborn C57BL/6 mice were randomly divided into
a control group (n=14), a PPH group (n=14), an agonist group (n=14), and an inhibitor group (n=14). The mice in the
PPH, agonist, and inhibitor groups were exposed to a 12% oxygen concentration, and the agonist group and inhibitor
group were given CaSR agonist (GdCI3, 16 mg/kg) and CaSR antagonist (NPS2390, 1 mg/kg) intraperitoneally once a
day, respectively. The mice in control group were exposed to air, and then injected with an equal volume of normal saline
as those in the PPH group every day. All mice were treated for 14 days. Morphological examination of heart and lung
tissues was performed using hematoxylin-eosin staining. The expression levels of 113-HSD2 mRNA and 113-HSD2
protein in lung tissues were measured by qRT-PCR and Western blot respectively. Brain natriuretic peptide (BNP) and
cortisol levels in lung tissues were determined using ELISA. Results Compared with the control group, the PPH group
had significantly increased pulmonary artery wall thickness (WT%), ratio of right to left ventricular thickness (RV/
LV), alveolar mean linear intercept, and BNP concentration and a significantly reduced radial alveolar count (P<0.05);
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compared with the PPH group, the agonist group showed significant increases in WT% and BNP concentration, while
the inhibitor group showed significant reductions in the two indicators (P<0.05). Compared with the control group, the
PPH group showed significant reductions in the expression levels of 113-HSD2 mRNA and 118-HSD2 protein, but a
significant increase in cortisol concentration (P<0.05); compared with the PPH group, the agonist group had significantly
lower expression levels of 113-HSD2 mRNA and 11B-HSD2 protein, but a significant higher cortisol concentration,
while the inhibitor group showed opposite changes in these indicators (P<0.05). Conclusions CaSR may control
the development and progression of PPH in newborn mice by regulating the expression of 113-HSD2 and cortisol
[Chin J Contemp Pediatr, 2019, 21(11): 1124-1130]
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A )L 2L 3l ik &5 R ( persistent pulmonary
hypertension, PPH ) J&—F i A= JLEZRGAE, BT
Az I Ml i A8 BEL T T e 2R DT S BRI ARl A L R
ThRE SEAE 1, R EREEAE 24 10%~20% H PPH B
A BILS R AEZET Y, H E A EAR R R AL
W ATERE, G RIGI T ROCR KM MR BCR TR
IR A N K= R S g T 0 e
AT B VR, TR 11B- FR FE
i & W (11B-hydroxysteroid dehydrogenase type 2,
11B-HSD2 ) J2 Ml ¢ B = Al iy e bt il 2 —, ¥
AR W T A Y B T AR A S TS T A Y B B, T
ELEVR TR B U ER K B DR R, B4R
PPH JE B 6 2 SR ) AR SR iy A 5% £ 4%
BITE R A=/ B PPH YRS A BURSZ K (CaSR)
(R 3K KPR N 55 1 1 B T, sl R
5 PPH ZH W 50 184 i 400 1 300 24 BT R e T Fh kg
R FEHAEJL PPH ., CaSR I BEH i 14 5 45
B TWIETIANS 11B-HSD2 fyFeik, SR Rmk
FERRAS, Ak B 3 ks He o BT LA B9 a it
) PPH /N BRUREAY, I 4 1 B CaSR E T WL ZE
11B-HSD2 21K J B SR e B2 A4k, Ao A= L
PPH i RIS W TGS 7R AT i S8 B AR

1 RS

1.1 FERAFSNEE

/N BB R B 11B-HSD2 #1470 14 (36 [
Abcam AT ) , CaSR i#zhisE sl (GdCl;, £
Sigma 2y ), CaSR #4il51] NPS2390 ( ##[E R&D
ANED) , BURE A AR EEAR IE I 1L AR STN R 1gG
Bk . NPT EL B-actin BATEREHUA (dbatrhAs
SR ARGIRAT ) , 11B-HSD2 /2% 3185
# . QuantiNova SYBR Green qPCR %¢)(E il | &
( & Fermentas A ] ) , Bl & ( &

MR AE R AT IR AR ), /NERIGFIEARR ( BNP)
ELISA {7 & ( RV R a RAR )
TRIzol ( ZE[H Invitrogen NED) .

FEAL AR AL AE PO E & PCR X ( 52 [H Bio-
Rad 207 ) , JWIREIG T IR RS (L E Media
Cyberneties 28w ) , R & =X & 0L (3
Thermo Scientific 2N ) , W)EER PCR Y (EH
Bio-Rad A H] ) 45,

1.2 KIS HRAREE T

2 SCHik U SR 18 T i S AY O 9 A PPH
ol W) B AL, SPF 2 {d i C57BL/6 /) B, A H
17~28 g, HUBER4EE /R AR X S50 sh Pk s
O PRt FeMERE R 2: 1 BT, T2 BUP AT R R
A/ NEBERL T M XEIRAL (n=17) . PPH 4 (n=17) .
Wah il (n=17) . MHIF 4 (n=17) o X M
H/NR B TE RS A, HoAl 3 2/ RS TR
h12% WIRARAE T, FRE 2 B FREATE /N R
FEIFE AR ER KR (RBWI) , RBWI= ( &R K
H - WG IARE ) /WG A x 100%. %A 2 [H]
10 )t X S it e B SR = 5 10 0 7 e (O
16 mg/kg A1 NPS2390 1 mg/kg""!, Xf FRZH F11 PPH 4
PIARE H AR A R R B AR, Riez 2 JH
1.3 IRARERLE

BTG , A/ 1% PG 240 pR s
BRI B 5 S 2200 2% 5 6T B A TR IR . G
il LA R, 109% H R e, A s e
ANE - 4L (HE) Qe ff iz i1l #g ARkt
PRI ZUE TR AT, -80°CAtifE#

1.4 O EFNATE SRS FERT

O A bR AR A W A 3 S VR D)
JBLI IS #E1T HE e ta, Sasd Wiss - gs,

BEALHL 10 JUN R Il 41 2UbR A%, DA Jili
Y AVRA TP REALEEL 8 7k V) T 400 45 1) B B
TAREE, RSk U R B AL H 6 A 0B I & AR
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20~50 pm, 100~199 pm [ filiZNsh ko 3TN 5
kM BE LR (WT) SRIEM AN, WT%=100 x
(2x ML IO EEJ R ) / I 45 4. Bk Pl A
BE AL B 4~6 /> 1L BT FH - 00 il 74 5F 37 P9 4 (1] s
(MLI) AR Gir4 (RAC) "5 TR0
it & BRI

TR E 10 HUNER O IR SR A, BN
L SR A R AL R B 8 3k YD F, ARk UI Bl AL
BEHL 6 A ALEF I 5 A7 00 28 A0 00 28 Y 28 BE L
WEALESEOENEREIEEZ L (RV/LV) 3k
PP T 3l ik v e AA T O S IR
1.5 SREALANFERNAGHLE 11p-HSD2 HFRi%E

A BUNR BT A SR A A Y . A WEY)
F s 5 MG IR PR E R, BRI 2= RS ] PBS
SEIPURVE, R Z RN PBS 5B EH, A
/NERPLARER 11B-HSD2 —4t (1:500) , 4°CHFHEFR
WG PBS #hyk, #ERZ RN PBS JE I ABR A
APy br il 09t 240/ B 1gG =41 (1:1000)
DAB W8, 755G N g,

1.6 SERZEREE PCREMEFHE/NRMALR
11B-HSD2 mRNA &%

TR 8 HU/NRIH ZUhn A, T IHek il
RS J5 FH TRIzol 72 £ B 41 41 5] 4% & RNA,
% H QuantiNova SYBR Green qPCR i 7| & y oLl
11B-HSD2 mRNA [ #H X % &, 11B-HSD2 L i 5|
Y. 5'-GATGTTCCCCTCGCCTGAA-3', FifEs|¥.
5'-ATGAGCAGTGCAATAGCTGCCTTG-3's MACT( 4
%) FiE51: 5'-TTCCTTCTTGGGTATGGAAT-3',
T 9% 51 . 5-GAGCAATGATCTTGATCTTC-3',
MR R: RS9 4 1ul. SYBR Green |
10 L. JC/KMF 5 pl. ¢DNA 3 uL, W Eff: 95C
iAEPE 2 ming 95°C72EME 30 s, 60°CIE k 20, Hk
40 MR . 11B-HSD2 AR Fah i LA 2722 T FOR
1.7 Western blot i% #& Ml 1 & /N R it H &
11B-HSD2 EH XX

T2 8 HUNER, A H/NEUEL 50 mg fifi 21 47
BT RER A, W AU S IS A B 1 247 B RN PMSE
YH1 30 min 50, B EERIETINE . B 50 pg
FEHFEN, 10% SDS-PAGE HL3K, 80V 120 min J&
& PVDF IR, =REMA 2h, MA/NRBTKER
11B-HSD2 —4£ (1:500 ), B-actin —H{ ( 1:1000 )4C
W LR, TBST YRR 4 Yk, AR 8 min, A B

M SE AR bR L i LSBT VR 1gG —HT(1:1000 )
FIAWEF 2 h, TBST PEAR 4 IR, HEIK 8 min, SRJG
BOER ., E%J5 M image I HAEK I 43 By K
H, 115 11B-HSD2 & H A X ik at, 455 H
11B-HSD2 152 B-actin 25 I HLIERIR
1.8 #FAE/NRILE K REER AHLR BNP 3R ER&

R 10 H/NEL, B /N B 20 mg Jifi 28
ZUE TR S, FrE s O BT, KR
B Jo P ) s X500 G 1 BH 5 00 T R I G R TR
30 mg M ZUE TAER I J e B O BT
W, HeRE/INEL BNP ELISA 57 & Ui i 5 4m 13
VW BNP K3, 450 nm A N IEWOEREE, 1A
BN ERUIZHEY BNP YR EE
1.9 HITFESH

K H SPSS 20.0 SEiH AR A T 4125 4
Br, TGRS + R (3+s) Fow, £
2 (8] L3R L R R 7 22 0 W, AL B P L 3R
FH SNK-g K256 P<0.05 HESAFIT2HEE L,

2 #R

21 FENRHERER

X HE /N B P i LR B AN BRANAR TR A
DI A, 3 2H /N BT T 2 P R R i 37 4 2%
1T AR R N AET S, R S S A5
H/NRIHETS 3 H o R IR LH /N B 36 A0 ] 375 3
AL ORMRLE . R PPH A M s 4l
AR A 2 L A B [ R Y R PRI X,
Hl 5 PPH 4 R A i i ar %, (AR H
X HEZH 0% 25 . PPH 41 R 80 57 28 (A 5 Al RBWI 4%
X FRZH B 3 T B (P<0.05) , 4150 2H i iR 8 &%
RBWI 5%} IE2H . PPH 20 A4l b 2= 0
GiiteEam X (P>0.05) o W1,

F1 RE14dEFRENREER RBWI LB (x+5)

2151 n 1KTE (o) RBWI
paiizeicl 14 5.62 +0.41 13.1+3.0
PPH 1 14 3.68 +0.14° 9.1+3.5"
el ) 14 3.35+0.12° 83+ 1.7
Eifln bl ) 14 452+0.13 10.8 £3.2

F1{i 132.39 4981

P Y <0.001 <0.001

: [RBWIAEHEK R, a /m SRHIRLL L, P<0.05,
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5% B 4H e #e, PPH 41 R 3 570 26 /0N B
INBI KRR R A A T 7 B B 1 RS, T 40 i R0 4
N BRI /N B Bk A RE JEL B 55 PPH 2H RN 5 751 4 A
Femgsd (1) o SXFRALds, PPH 4 A sl
FIZH WT% B B3 A0 (P<0.05) , T 3 i 57 41 4%
PPH 41 #1343 77 41 WT% A F i /> ( P<0.05) ,
X HELH A )2 WT% Hoig 22 3 g 24 5 X
(P>0.05) . PPH 4 3% 3 551 41 & %k B4 RV/LV
{ELHA 2 38 (P<0.05) , UiEHA L E AL K; PPH
N5 FNA RV/LV H K 2= 7 L5 2E i X
(P>0.05) ; M4 RV/LV {E{% T PPH 4, {H
FTXTIRAL (P<0.05) , SR iR %
T2 E L (P>0.05) o S5XFAIAHEE, PPH 411
BNP ¥k BE B o T, Bl 414 PPH ik — 20 7t
T (P<0.05) 5 520 BNP ¥ 5 4538 50 77 20 A
PPH A R FEAI ( P<0.05) , H 5% B A 1 2%
RGeS E L (P>0.05) . W2,
23 BHNBIAEZERR

X HEZH /N BRI 2% B K, I se 4,
a4 /1N s PPH A1yt B S 16 K, %% BERRAIS,  [a]
B IR ™ S 55 PPH 2 Jiti i [a] g il B B
JnyeE i R RN TR R 414 PPH ZH AN
B )20 T 9 e B8 e DR A Tl A, ol 9 5 A X6
Bom (B 2) o SXREAM L, #shi 4R PPH
20 MLI{EH K, RACHW 2/ (P<0.05) ;5 1
K 3 2H &8 sh 70 26 A1 PPH 20 MLI {538/, RAC
M (P<0.05) , H5XI A iz R L5
2 (P>0.05) 5 BshF 4 A1 PPH 44 MLI {5 A1
RAC{H B ZE R TSI #E X (P>0.05) o W3 3,
2.4 #FHENRAHALR 11p-HSD2 HIFKE

GPEHLb RS R . 11B-HSD2 EH £ 2
S35 T Sl K ot 7S LA AR RT P R A, FH P
TR EFE €, PPH 4B R4 11B-HSD2 & 1 FH
PEFEIRINES , ULRH B RENS M H] 118-HSD2 MY
F3k; TEIENFIA 11B-HSD2 & [ BHPE A Ho0 I
ZH s s MR 11B-HSD2 45 1 FH 2R A%L PPH
ZH RN T2 O S R, B B B0 390 e Sk A i)
fili b — 2z E AR s, [R5 6E
W XCRRAL . UL 3,
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1 ZEFENBA/NGH IR MEET CGRAR - O
rYeth, %400 ) A JXIRZL, B o PPH 41, C Mizhi4d,
D Jgdmil gL, SRR L, PPH LA S 5 4L /N 3l ik i 4
R SRR, BRI A RE S R PPH Al (Fik IR ) .

*2 HBHANRWT%.RV/LVFIBNPIREMELE (x+s)

215 n WT% RV/LV BNP (pg/mL)
Xif B4 10 192+08 05310027 51115
PPH 4 10 33.1+34" 0856+0.031° 666+ 10"
MR 10 47.8+42" 0.786+0.010" 703 +9""
HIFIZ 10 22712 0.730+0.007"" 596+ 12"

FfE 63.763 209.459 259.256

P1E <0.001 <0.001 <0.001

e [WT] /N ik i 48 BEJE B s [RVILV] GO E 5 A0 %
BEJSLRE LG [BNP]FIENIE. a R SXFHRALLEE, P<0.05; b/RS
PPH 41 HL#8, P<0.05; ¢ mSishmlditbi, P<0.05,

2 BAEAMENMBRMEAES (HAKE-Feaia,
x 100) ACHXTHEZL, B PPH 4, C Mishi4l, D A4l
I SxtHEIAAH, PPH 48 A/ N RBIR ™ E, flias ke,
Jits B AR B b s SR A e /N U S PPH ZH/NEUA
FETEHA 24 5y IR 24 PPH 4@ BN FL AT s
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* 3 HBA/NMRAE ML K RAC EREEE  (xxs) 11p-HSD2 | — — - |

205 n MLI RAC B-actin M’

Ko R Z 10 66+ 10 6.6+12

iR ZH + + - PP

PPH 4 10 100 + 21° 3.0 04" A Q‘iz‘ %@\ @V

HshH 10 105+ 15° 31409 A

BBl EE) 10 90 + 9" 4.4+0.8" 4 Western blot #& Ml & A #F E /MR A LR
F1ia 3.315 14.643 11B-HSD2 ZE ik E
PA <0.001 <0.001

e [MLI] B2 S TR s [RACT A=l a /RS
%R, P<0.05; b7n5 PPH 4L, P<0.05; ¢ 7n-5sh
I LEE, P<0.05,

3 HREANZEENEANRMHAR 118-HSD2 #Y

FRIE (DAB, x400) A NXTIRZE, B4 PPH 4H, C Mighi)
2H, D NAMHIFIHE, 11B-HSD2 3B AE i /NS bk P K 4 At A7 AL
ek, PHMERA SO, SXHBAMLEL, PPH 4103k
oLIB-HSD2 £k B FFE, #ahildlst—4 T iH; s PPH 41
FEEh ARG, 11B-HSD2 ZEHNHI )4 33447 i i,

25 #FHENRIHALA D 11p-HSD2 mRNA R HE
B RIER B REAKFETWN

5XTRRZA L, PPH 41AY 11B-HSD2 mRNA &
HEAMRBPE TR (P<0.05) , #M3iF4mn
11B-HSD2 mRNA J HAR H A Kk — 2 T M
(P<0.05) , TiHHIFIZH 118-HSD2 mRNA M H:4E
F B 238 /K 48 PPH 4 A sh A8 2 L, {3
55t FEALAH FE 22 A Gei 24 L (P<0.05) o 4%
2H R SRRV 72 A KA 11B-HSD2 [ 3R3A 2 1
R ES, WK 4, # 4.

R4 KHANEIHELR 11p-HSD2 mRNA REEH

HNRIEERERERELE  (x£s)
g 11B-HSD2 mRNA  11B-HSD2 %5 14 J S
(n=8) (n=8) (n=10)

X HEZH 1.00 0.511 £0.013 168+1.2
PPH 4] 0.33 = 0.09" 0.342+0.063" 293 +2.3"
el 22| 0.15+0.11"  0.141 £0.030""  40.6 +2.1*"
IR 2H 0.48 +0.06™™ 2701 + 1.873™"  22.5+2.1""™

F1i 1356.623 4.626 135.398

P1H <0.001 0.037 <0.001

e [11B-HSD2] 11 %Y 11B- FRHELZSH B AU . a 7 55 %0 2]
LAz, P<0.05; b5 PPH 4lLbEL, P<0.05; ¢ 7nS53shI4] LbER,
P<0.05,

3 i

AAFTT R, KA R 2 5800 3 ki 4 1Y)
W . Bl L P R A0 B T RERREAS . STV LA
KGR RS B PR T, DT i s Ak v e
et g J M T sk 2 A A T A R S I R
FHOCSCHRARAE CaSR #5225 T Mlish ks e (anfili
S LA 5 | A A ) kA & R
RV FAE X Z e A HAL A FlE E S,
HET A5 0 AR AR5 A 8 PPH B AR /N Sh
YIBLAY, SR WS CaSR 3 8l 7 A1 CaSR ) i 77 %
PPH BRI/NEL 11B-HSD2 K ¢ FREEAIVE . SEuah
RN PPH LB MR A 0 28 BEJRRE | Jili 3 fik
FEREJRE K BNP ¥R Y B30 H A G243
X, FWARKSLKAYH PPH AR AL

N R ) ) R AR R A R GRS )
11B-HSD2 3= %2 3% 35 T Jili 1l 45 A 7 ¥ AL 40 Jd A iy
A, 11B-HSD2 mRNA K HAR (7K S 7 i ks
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W% B, PPH 2H %55 B 4 /N KU 2 ik 11B-HSD2
PR B T R B TR R B T, R BAIC A AT
PLR 9 11B-HSD2 Ay ek, 7 1 fff i o e vk 5 7t
Fo AR AT IR I A5 R B K s 4l
FHNHIFIA 25 R CaSR BB REMS 2L T M
11B-HSD2 B2 I8 FIAE 2 B o B () ¥R B T i 5 CaSR
I R M REAS 98 11B-HSD2 1335 R il fe Ji
B 530 o A WFFE A BAIESE T R PRI 25 53 2
BARRW, A NS B 2 s 6l 11p-HSD2 11y
FRATEER EEA Y, [RIA Hardy %5 " 3R
FFT 240 B A 5 5 PR B I 2R iR 2 11B-HSD2 /Y35
PERR IR KT, X GARR L E S5 KA —F, HAT
FE T R 2 200 L PR 38 22 1 85 5 VR T IR R 3R 4k
fiti CAC) MiBEARILAE, 1T 8T iR 50+ 34
BEFRARTY (cAMP ) MR A A (PKA) ;
11B-HSD2 K5 3l -+ X &% 47 5% sk A+ NF-1. Spl
GINEE GO, P BB S 7 )& NF-1,
M P8 A PKA ANReA 20 B IR 1k NF-1 251 14
11B-HSD2 7K "1 iy T 11B-HSD2 7K - Y [
1%, B A RE B AT 2% ) K36 i T v o i 2k 4 Y
Bz T 52 2 8 2 VRG0S L2 o B 44 7 e
D R T B A T-oa ol | K ¢S N > N 5% < i
A PPH A= (1 3L AS g BIRRAE o [R] s 38 AT A1) il
PR A=A NO | TSR 3 55— R A AT I R 1
Ku] DA A IO 4 1 A8 ) B sz A4, DT A i 4 it
e PN, aTREE S LA LE S ERIAES PPH Y
FE

P S SRR A A R ) IE T2 T A R L0 I A
98 95 $ (46 (IR 97 T BE P, Hoh CaSR # 4
REA ZF AWM, wBEEPiR. U@, /o
I FR G055 P, H AR YR S 50 45 S S A o 3R 21
A PPH i /N . Il se e . il o6 [ Bl
IR L ili ol k- i LA A HE 91 3044 5% . RV/
LV {E /N . BNP e BE ARG . /IS BRURS pR 25 e
B, XSO ZE B R A% BURAZ IR I BHL T T RE A PPH
PEOE B IR YT R M. A FRATT & BE 11B-HSD2 1]
REAE N EIE S EA S 5 HT, AFRE®E
PEPEADH] 11B-HSD2 XFHUAS %, & B MLESS
O MY 10 e B R U 5 TT LA e R 3 B
11B-HSD2 >k B -3 i pgig 7 LA S ] BAR B 15 5
A FEE— R .

ZE Rk, ARSI CaSR W REMSTE— &

FERE EVKAE PPH 20 M40 . B o e 788 it
AR E, DL M 11B-HSD2 i 5 4 PPH (1) & %%
BT RERYHLH] .

(& % x k]
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