B OFEERFE 2016 4F 6 H 2B 37 45 6 ) http://www. ajsmmu. cn
. 668 - Academic Journal of Second Military Medical University, Jun. 2016, Vol. 37, No. 6

DOI:10. 16781/j. 0258-879x. 2016. 06. 0668 ¢ % %

FIRAERBER AR FRABROAILFMEERARZTATHER
L BE 1 3% A0 BT 5. B BN 325 34

ksF . E O AXRLE M.em R HBRRBELL ELE R
L8 "R R FKAE ERE St =27 B LI 200003

2. UL ST 5 B LR R AR AL, JE T 100034

3. B RF K EREMSESMEL, i 200433

45 TR PR SRR AR B2 S L 1 200433

EE] 8% BRI IRNREE TN 2 (glucocorticoids , GCs) X T4t K B IE D RE 4 B3l 3% v , 52 GCs R F1%
WL T B PR VR LT RERL . ok MEUEIRIG I GCs 288 K BUBRL 3t i 2,3, 5-56 Ak = KL 0 (W (TTO)
Yo ST Co WLt 0L -39 S B3 473 )5 P9 A A0 R 5 S ) 8 it PCR s o ULAR 37 PR 7 I ¥ RO B2 T 3 28 0 1) 2 1 U 1
(SgkD) AR I A Bz i Z BiOM 2 (CRHD 3244 2(Crir2) \CRH % BK urocortin (Uen) Tl Uen2 ZE LD (3235 5 2R 14 52 B3
SR SGK1 2 [ 235 5 WBR R S R A S U o Sgkl JEDRA 2 FROH LMk, & &  ILIRIM GCs BEAKRF
AR A SR A BT B 02 (P<0. 01D, F- AU 1 DR B o JULOKS d5Je o, T8 3453 4% 1) it 52 P 9% (P<0. 01) 3 SGK1 ¥ mRNA #l
B T TAOMENE I B O WL H 9 25K FR A (P<C0. 01 B P<<0. 05) ;Ucn 1 Ucen2 75 TR MEPE R BLC I 9 3235 T R (P<<0. 05)
Sgkl B A ST XA 2 A CpG &, Hilt i CpG &5 1 ALK 7R 1T R B GCs 5 558 19 7 A0 P R BRLC L 7 (P <<
0.0, ## YR GCs BEE vl gl F IO MUY N T SGK fy A xS FAUREE ARG LT BE P A ED I AL , 1fi Sgkl
FER BT XEL CpG & iy LR W BE & A 5 GCs Xt Sghel (1 ENZR 800 (1 B ZEHLH .

CRBEIR] MR R RIS s BT U 5 I I RO B o 8 2 IR 49 174 2 P O s (0o JUL 5 PP 3k

[hE4%EE] R 321.56 [ZEFRERG] A [XEHS] 0258-879X(2016)06-0668-09

Programming effect of glucocorticoid exposure during rat pregnancy on cardiac functions and expression of

serum- and glucocorticoid-regulated protein kinase 1 in offspring

ZHANG Zhi-yu', LI Jie*, ZUO Qiac®, GAO Ying', XU Yong-jun*, NI Xin', GAO Lu**

1. VIP Clinic, Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

2. Health Office of the Administration Organization Affairs, Central Military Commission of People’s Liberation Army, Beijing
100034, China

3. Department of Neurosurgery, Changhai Hospital, Second Military Medical University, Shanghai 200433, China

4. Department of Physiology, College of Basic Medical Sciences, Second Military Medical University, Shanghai 200433, China

[ Abstract| Objective To investigate the programming effects of glucocorticoids (GCs) exposure during rat pregnancy on
the cardiac functions of adult offspring, so as to explore the cardiac protective effect of GCs and the underlying mechanisms.
Methods Advanced pregnancy GCs exposure model was established with rats. The infarction degrees of myocardium of
offspring rats were evaluated by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining after ischemia-reperfusion (I/R) injury.
The mRNA levels of cardio-protective factors serum- and glucocorticoid-regulated protein kinase 1 (Sgkl), corticotropin-
releasing hormone receptor 2 (Crhr2), urocortin (Ucn), and Ucn2 were determined by real-time PCR. The protein level of
SGK1 was detected using Western blotting analysis. Bisulfite sequencing PCR (BSP) was employed to determine the
methylation level of Sgkl promoter. Results The body mass of the offsprings of GCs-exposed pregnant rats were significantly
lower than that of the normal saline-injected pregnant rats (P<C0. 01). The ratio between infarction area and risk area of hearts

after ischemia-reperfusion in the male adult offspring from GCs-exposed group was significantly larger than that from the vehicle
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group(P<C0. 01). The mRNA and protein levels of SGK1 were significantly decreased in male adult offspring hearts exposed to

GCs prenatally (P<<0. 01, P<C0.05), whereas Ucn and Ucn2 mRNA expressions were significantly decreased in the hearts of

female adult offspring exposed to GCs prenatally (P<C0. 05). There were multiple CpG islands in Sgkl promoter. with the

proximal CpG island in the Sgkl promoter being significantly hypermethylated in the heart of adult male offspring exposed to

GCs during late pregnancy (P<C0. 01). Conclusion GCs exposure during pregnancy can cause programming effects on cardiac

functions of male adult offspring in rats, probably via the down-regulation of SGK1 expression in the heart, which is largely due

to the hypermethylation on Sgkl promoter.

[Key words ] glucocorticoids; programming effect; serum- and glucocorticoid-regulated kinase; myocardium; methylation
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Tab 1 Primer sequences used for real-time PCR

Gene Primer sequence (5'-3")
Sgkl Forward: CAC AAT GGG ACA ACG TCC AC
Reverse; CCT CTT GGT CCG GTC CTT CT

Sgkl-vl Forward: CCC CTC GGT TCG CGG
Reverse: GAG GGG TTG GCG TTC ATA AGT
Sgkl-v2 Forward: GTA ACC CCA GCC TTC ACC TC
Reverse: GTG AGG GGT TGG CGT TCA TA
Sgkl-v3 Forward: AAA ACC GAG GCT GCT CGA AG
Reverse: GGG GAT TTG AGG ATG GAC CC
Crhr2 Forward: CCC TGC CCT ATC ATT GTC G
Reverse;: GCC TTC ACT GCC TTC CTG T
Gr Forward: AGG ATG TCA TTA CGG GGT GC
Reverse: CTG CAG TGG CTT GCT GAA TC
Ucn Forward: GAA TCA GGG CGG AGG TG
Reverse;: CGC AGC AGG TGG AAG GT
Ucen?2 Forward: ATA ACG CCT CAC CGC ATG AT
Reverse: GAC ACG GGT GTC CAG GTA AG
GAPDH Forward: TCT CTG CTC CTC CCT GTT CT

Reverse: GAT GGT GAT GGG TTT CCC GT

Sgkl: Serum- and glucocorticoid-regulated protein kinase 1;
Sgkl-vl. Sgkl-variantl; Sgkl-v2. SGKl-variant2; Sgkl-v3. Skgl-
variant3; Crhr2: Corticotropin-releasing hormone receptor 2; Gr:
Glucocorticoid receptor; Ucn: Urocorting GAPDH: Glyceraldehyde-

3-phosphate dehydrogenase
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Tab 2 Primer sequences used for methylation sequencing by BSP

Region

. I ol
Primer sequence (5-3")
q

CGI1 (First round)

Forward: TAG TAG TTT TTA GAA GYG TAT TAT TTG

Reverse: CAT TCA TAT CTT TAT TCA CCA TTT TC

CGI1-1 (Second round)

Forward: YGT ATA GTT TYG GAG TAG TTA GG

Reverse;: ACC RAC TAT AAC TTT TCT CTT TC

CGI1-2 (Second round)

Forward: AAA GTA ATG ATG GAA AGA GAA AAG

Reverse: AAA AAC TTA ACA ATT AAA AAT CCA AAA TAA

CGI2 (First round)

Forward: GGG TAA GTA TAG GTT GTG G

Reverse: TCT TAA AAC CAT TTA AAA ACA TCT C

CGI2 (Second round)

Forward: GTT TTT TTT AAA TGT TTT TGG AGG

Reverse;: CTC CTC CTT TCC ATC AAC

BSP. Bisulfite sequencing PCR; CGI: CpG island
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Fig 1 The body mass of newborn (1 day) and adult
(84 days) offspring rats exposed to GCs during pregnancy
NS: Normal saline; DEX: Dexamethasone; GCs: Glucocorticoids.

** P<C0. 01 vs NS group at same time, n=10, x¥=*s;
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Fig 2 The ratio between infarct area and risk area
upon I/R injury in adult offspring rats exposed to
GCs during pregnancy

A: Representative photographs of 2, 3, 5-triphenyltetrazolium
chloride (TTC) staining (the viable myocardium was stained with
dark red, and the infarct area remained pale); B: Ratio of infarct
area vs risk area. NS: Normal saline; DEX: Dexamethasone; GCs:
Glucocorticoids; I/R: ischemia/reperfusion. ** P <Z0. 01 vs NS

group. n=10, 7%,
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Fig 3

The expression of SGK1 mRNA and protein in myocardium of adult offspring rats exposed to GCs during pregnancy

NS: Normal saline; DEX: Dexamethasone; SGK1: Serum- and glucocorticoid-regulated protein kinase 13 GCs: Glucocorticoids. A, B: Sgkl

mRNA expression in male or female offspring rats at different ages, respectively (n=6, 1 d; n=6, 7 d; n=10, 84 d); C-E: The mRNA

expression of Sgkl variantsl-3 in adult offspring rats, respectively (n=10); F: SGK1 protein expression in male or female adult offspring rats,

respectively (n=5, NS group; n=6. DEX group). * P<C0. 05,
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Fig4 The mRNA expression of Crhr2 (A), Gr (B), Ucn (C) and Ucn2 (D) in the myocardium

of adult offspring rats exposed to GCs during pregnancy

NS: Normal saline; DEX: Dexamethasone; Crhr2: Corticotropin-releasing hormone receptor 2; Gr: Glucocorticoid receptor; Ucen: Urocortin;

GCs: Glucocorticoids. * P<C0. 05 vs NS group. z=+ts;
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Fig 5 Methylation level of Sgk1l promoter
A'; Diagram of the CpG islands (CGI) in Sgkl promoter predicted by online MethPrimer software. CpG density (short red line) and CGIs (blue
region) are shown. Methylation of CpGs in myocardium of adult male offspring rats was analyzed by BSP-sequencing. B-D: Sequencing data of
CGI1-1, CGI1-2 and CGI2, respectively. E. Overall methylation level for CGIs of Sgkl promoter in myocardium. NS: Normal saline; DEX:

Dexamethasone; SGK: Serum- and glucocorticoid-regulated protein kinase. * * P<C0. 01 vs NS group. n=3, 7+
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