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Abstract

Background and Purpose: Adverse environments during pregnancy can increase susceptibility to chronic diseases in adult off-

spring, which might be related to intrauterine glucocorticoid-induced multi-organ developmental programming and homeostasis

alterations. Dexamethasone is widely used for preterm delivery-related pregnancy diseases. Previous studies suggested that

prenatal dexamethasone exposure (PDE) could cause developmental toxicity of adrenal gland in offspring and the underlying

mechanism has not been elucidated. Experimental Approach: Wistar rats were subcutaneously injected with dexamethasone

(0.2 mg/kg·d) during gestational day 9-20. The placentas and serum and adrenal samples were collected to identify the related

indicators. In vitro, human adrenocortical cell lines (NCI-H295R) were treated with cortisol and dexamethasone to confirm

the molecular mechanism, respectively. Key Results: PDE caused a low level of maternally derived glucocorticoid in male fetal

blood. Furthermore, the serum corticosterone level, the H3K27ac and expression levels of the adrenal insulin-like growth factor

1 (IGF1), and steroidogenic function continuously decreased in the PDE male offspring rats. With chronic stress, the serum

corticosterone level increased in the adult PDE offspring, while the above indicators were also increased correspondingly. In

vitro, we further confirmed that the endogenous glucocorticoid positively programmed the adrenal IGF1 expression and ste-

roidogenesis through the GRα/miR-370-3p/Sirt3 pathway. Conclusion and Implications: The low level of maternally derived

glucocorticoid induced by PDE caused adrenal insufficiency of adult offspring rats through epigenetic positive programming of

the glucocorticoid (GC)-IGF1 axis. This study firstly confirmed that exogenous glucocorticoids (dexamethasone) can alter the

adrenal development programming and homeostasis in offspring by inhibiting maternal adrenal function.

1 Introduction

In the 1990s, the British scholar Barker firstly proposed the hypothesis of increased incidence of metabolic
syndrome in adults with low birth weight and the developmental origin of adult diseases based on the
results of a large-scale epidemiological survey. Over the past three decades, scholars from many countries
have carried out evidence-based research on prenatal adverse environment, fetal birth weight, and adult
chronic diseases, and put forward a new concept of the origin of human diseases called the Developmental
Origins of Health and Disease (DOHaD). To date, fetal development programming has become an essential
theory for understanding healthy development programming throughout the life cycle (Fleming et al. ,
2018). Dexamethasone is one of synthetic glucocorticoids that can promote fetal lung maturation, reduce
the occurrence of neonatal respiratory distress syndrome and perinatal mortality, so it is widely used for
preterm delivery and related pregnancy diseases (Porto et al. , 2011; Crowther et al. , 2015). The World
Health Organization (WHO) reported that the prevalence of prenatal synthetic glucocorticoid treatment
for premature labor at 22–36 weeks of pregnancy is 54% in the maternal and child health survey data of
359 institutions in 29 countries and is as high as 91% in some countries (Vogel et al. , 2014). However,
the use of prenatal dexamethasone is a double-edged sword. A large number of studies have confirmed
that repeated dexamethasone treatment has fetal developmental toxicity, which can cause low birth weight,
multiple organ development abnormalities, and susceptibility to chronic diseases in adulthood (Asztalos et
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al. , 2010; Elfayomy et al. , 2014).

As the terminal effector of the hypothalamic-pituitary-adrenocortical (HPA) axis, the adrenal gland is the
organ with the earliest and fastest growth of the HPA axis in utero . The adrenal gland is the organ
of glucocorticoid synthesis and secretion. Accumulating studies suggest that basic glucocorticoid levels in
utero play an important role in fetal maturity and postnatal fate (Moisiadis et al. , 2014a), and its alteration
caused by adverse environments during pregnancy can lead to change in insulin-like growth factor 1 (IGF1)
level in fetal blood (Fowden, 2003), catch-up growth of the IUGR progeny and the occurrence of metabolic
diseases (Mericq et al. , 2017). Therefore, the development of the adrenal gland is the key to determine the
postnatal fate. IGF1 expression in the adrenal gland begins in the second trimester of pregnancy, occurring
only later than in the liver, and IGF1 can regulate adrenal development and functional differentiation (Han
et al. , 1988). IGF1 and IGF1R are widely expressed in the adrenal cortex, upregulating steroid synthase
through phosphorylation of the PI3K/Akt pathway to promote steroidogenesis (Raha et al. , 2007; Sirianni
et al. , 2007). Our previous research found that prenatal dexamethasone exposure (PDE) could cause
adrenal dysplasia in offspring mice, accompanied by decreased serum corticosterone levels in maternal and
fetal mice (Xu et al. , 2011). However, is this adrenal developmental dysfunction in offspring associated with
changes in maternal adrenal function? Is IGF1 involved in PDE-induced programming alteration of adrenal
development in offspring? We have not seen relevant reports so far.

“Intrauterine programming” is the process of permanent alterations in fetal tissue morphology and function
caused by intrauterine environment changes. And it is also the pathophysiological basis for the occurrence
of fetal-originated adult diseases (Moisiadis et al. , 2014a). Epigenetics can lead to heritable changes in gene
function that do not involve changes in the DNA sequence, including DNA methylation, histone modification,
and non-coding RNA (such as miRNAs). Numerous studies have suggested that glucocorticoid-induced
intrauterine programming alterations are related to abnormal expression of some critical genes regulated
by miRNAs (Clayton et al. , 2018), and miRNAs can regulate histone acetylation and expression levels
of downstream target genes by targeting histone deacetylase (Gao et al. , 2018; Xing et al. , 2019). Our
recent studies have confirmed that abnormal histone acetylation modification was involved in multi-organ
development programming and related disease susceptibility caused by PDE (Liu et al. , 2018; Xiao et al. ,
2018; Li et al. , 2019). Therefore, we speculate that low levels of maternally derived glucocorticoid caused
by PDE may regulate IGF1 histone acetylation and expression through miRNAs in fetal adrenal, thereby
resulting in its abnormal function development in offspring.

In this study, based on a stable PDE rat model established in our laboratory, we firstly confirmed the
phenomenon of the low level of maternally derived glucocorticoid in fetal blood. Then, a programming
alteration of GC-IGF1 axis was explored by detecting blood corticosterone, adrenal IGF1 expression and
steroidogenesis function before and after birth, as well as its effects after chronic stress in adults. Finally,
the histone acetylation regulating mechanism of glucocorticoid-dependent IGF1 expression was elucidated
in combination with human adrenocortical cells in vitro . This study will elucidate the programming effect
of maternal glucocorticoid for offspring adrenal development programming and homeostasis alterations, and
provide an essential theoretical and experimental basis for explaining the intrauterine development origin of
PDE-induced multi-organ dysplasia and related disease occurrence and development in adults.

2 Materials and methods

2.1 Animals and treatment

Specific pathogen-free adult Wistar female (mean body weight: 209 ± 12 g) and male (mean body weight:
258 ± 17 g) rats (certification No. 42000600002258, license No. SCXK (E) 2012-2014) were provided by
the Experimental Centre of the Hubei Medical Scientific Academy (Wuhan, China). Animal experiments
were performed in the Center for Animal Experiment of Wuhan University (Wuhan, China), which has been
accredited by the Association for Assessment and Accreditation of Laboratory Animal Care International.
The Committee on the Ethics of Animal Experiments of the Wuhan University School of Medicine approved
the protocol (permit number: 14016). All animal experimental procedures were performed following the
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Guidelines for the Care and Use of Laboratory Animals of the Chinese Animal Welfare Committee.

Animals were housed in metal cages in an air-conditioned room under standard conditions (environmental
temperature: 18–22°C; humidity: 40–60%; light cycle: 12h light-dark cycle; 10–15 air changes per hour) and
allowed free access to rat chow and tap water. All rats were acclimated one week before experimentation, and
two female rats were placed together with one male rat overnight in a cage for mating. Mating was confirmed
by the presence of sperm in the morning vaginal smear, recorded as the gestational day (GD) 0. Pregnant
rats were transferred to individual cages and then randomly divided into the control group and PDE group.
From GD 9 to GD 20, the PDE group was subcutaneously administrated with 0.2 mg/kg·d dexamethasone
(Shuanghe, Pharmaceutical Co., Wuhan, China), while the control group was administered an equal volume
of saline every morning (between 08:00-09:00 a.m.).

On GD 20, a subgroup of pregnant rats was anesthetized by isoflurane (Baxter Healthcare Co., Deerfield,
IL, USA; 10019-360-40) inhalation, and the fetuses were removed by cesarean section. Each fetoplacental
unit was quickly removed from the uterus, and the fetuses were weighed after being dried on filter papers.
Pregnant rats with litter sizes of 12 to 14 were considered qualified. The IUGR diagnosis was based on two
standard deviations of the fetal rat body weight lower than the mean weight of the control group. Fetal blood
was pooled by female grouping per dam and was centrifuged for storage. The placental and fetal adrenal
samples collected from littermates were pooled, immediately frozen in liquid nitrogen, and stored at -80degC
for subsequent analyses. It should be noted that three whole fetal adrenals in three different fetal rats from
each litter were randomly counted as one sample, and processed for gene analysis. The adrenals of five male
fetuses in each group were randomly selected and fixed in 4% paraformaldehyde for 24 h. They were then
dehydrated with alcohol and embedded in paraffin for further analysis.

The remaining pregnant rats (n=8 for each group) underwent normal delivery. On postnatal day (PD) 1,
the numbers of pups were normalized to 8 pups per litter to assure adequate and standardized nutrition until
weaning postnatal week (PW) 4. Three male offspring rats from each litter were selected and assigned to
the studies at different postnatal time points or conditions (PW12, PW12 with chronic stress and PW28),
respectively. The chronic stress test was achieved by forced 5-min ice-water swimming per day (5-7degC) from
PW10 to PW12 [25]. At different postnatal time points, male rats were anesthetized with 2% isoflurane and
euthanized. Then, the blood sample from the carotid artery was collected, the serum was isolated, and the
adrenals and epididymis tissues were rapidly collected. All adrenals were dissected. The left partial adrenal
was fixed in a 4% paraformaldehyde solution for histological examination, and the rest were separated and
immediately frozen in liquid nitrogen, followed by storage at -80 for subsequent analyses. The schedule of
animal treatment is shown in Fig S1.

2.2 Cell culture and treatment

The human adrenal cortical adenocarcinoma cell line (NCI-H295R) were plated into cell culture flasks with
DMEM medium with 10% fetal bovine serum, 1% streptomycin, and penicillin in a 5% CO2 humidified
incubator at 37degC. Cells were treated with dexamethasone (0, 20, 100, 500 nM) or cortisol (300, 150, 75
nM) for 24 h, and then harvested for further analysis. Chemically synthesized GRα plasmid, miR-370-3p
mimics, Sirt3 siRNA oligo was obtained from Suzhou GenePharma Co., Ltd. (Suzhou, China). IGF1 (791-
MG) was purchased from Abcam. NCI-H295R cells were seeded into six-well plates at 1 × 105 cells/ well one
day before GRα plasmid, miR-370-3p mimics, Sirt3 siRNA oligo transfection to reach the 50% confluency,
respectively. After the transfection procedures were performed using Lipofectamine 3000 (Invitrogen, Thermo
Fisher Scientific; L3000150) for 24 h according to the manufacturer’s instructions, the transfection mixture
medium was replaced by the medium with or without cortisol (300 nM) or dexamethasone (500 nM) for
24 h. The cells were then lysed and total RNA was extracted using the TRIzol reagent (Invitrogen Co.;
15596018), or the cells were lysed using RIPA buffer for protein extraction.

2.3 Serum corticosterone detection

The concentration of serum corticosterone was measured by ELISA assay kits (R&D Systems, Inc., Min-
neapolis, MN, USA) according to the manufacturer’s protocol. The limit of detection for corticosterone
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concentration was 0.39 ng/ml. The intra-assay and inter-assay coefficients of variation for corticosterone
were 5.0 and 7.2%, respectively.

2.4 Luciferase reporter assay

The Segment of 3’-UTR encompassing the miR-370-3p binding sites was amplified from the Sirt3 gene as
the wild type (WT), correspondingly, a mutant 3’-UTR sequence was obtained using a mature technology,
site-specific in vitro mutation. WT or mutant 3’-UTR was subsequently inserted downstream of the lu-
ciferase gene in the pmirGLO-control vector (Promega, USA). The NCI-H295R cells were seeded onto 96
well plates. After culturing for 24 h, co-transfection of miR-370-3p vector and negative control (NC) along
with a pmirGLO-control vector carrying WT or mutant 3’-UTR of Sirt3 into cells were performed using Lipo-
fectamine 3000 reagent (Invitrogen, USA) according to the manufacturer’s instructions. Then luminescence
signal was recorded using the Dual-Luciferase Assay kit (Promega, USA) as indicated in the instructions.
All assays were performed in triplicate in a single experiment and repeated for six times.

2.5 Total RNA extraction and gene expression assay

Total RNA extraction from the placental, adrenal, and NCI-H295R cells was performed using TRIzol reagent
(Invitrogen Co.; 15596018) and following the manufacturer’s protocol. The concentration and purity of
the isolated RNA were determined by a spectrophotometer (NanoDrop 2000C, Thermo), and the RNA
concentration was adjusted to 1 μg/μl. Complementary DNA was synthesized from 1 μg of total RNA
according to the kit protocol and was stored at -20°C for testing. RNA preparations were reverse transcribed
to generate cDNA using the Reverse transcription reagent kit (Takara Biotechnology Co., Dalian, China) and
miScript Reverse transcription kit (RiboBio, Guangzhou, China), respectively. Quantitative measurements of
mRNA and miR expression were done using a SYBRGreen PCR kit (Applied Biosystems, ABI, 4472908) and
miDETECT A Track miRNA quantitative real-time polymerase chain reaction (qRT-PCR) kit (RiboBio,
Guangzhou, China) according to the manufacturer’s guidelines and a StepOnePlus Real-time PCR system
(Applied Biosystems, Foster City, CA, USA), using specific primers. U6 snRNA was used as an internal
control for the miRNAs, GAPDH was used as an internal control for the adrenal samples, and calculated
by the cycle threshold 2t method. The sequences of primers used in this experiment are shown in Table S1.
All primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China).

2.6 Chromatin immunoprecipitation (ChIP) assay

Homogenates of NCI-H295R cells and fetal adrenal were sheared using digestion/nuclei permeabilization
buffer containing MNase at 37degC. 1% formaldehyde was added directly to the homogenate of testicular
tissue or scraped cells for 15 min at 37degC to cross-link DNA and its associated proteins. Glycine (0.125 M
final concentration) was added to terminate the reaction for 8 min. The lysates were then sonicated to shear
the DNA to a size of 200-800 bp. After sonication, the samples were collected by centrifugation and were
diluted with ChIP dilution buffer. The supernatant was used for each ChIP reaction, supplemented with
ChIP dilution buffer and anti H3K27(1:50 dilution, ABclonal, A7253) or goat anti-rabbit IgG (1:50 dilution,
ABclonal, AC005). Then, the DNA-protein-antibody complexes were captured with BSA-treated protein
G agarose beads (EMD Millipore, Billerica, MA, USA). After incubation for 6 h, beads were washed, and
DNA-protein-antibody complexes were eluted, proteins were digested with proteinase K (EO0491, Beyotime
Biotechnology, Nanjing, China) and ChIP-DNA was eluted using a DNA purification kits (Tiangen Biotech
Co., Beijing, China). DNA from each input sample was extracted in parallel. For quantification by qPCR,
ChIP-DNA was diluted and run using the SYBR Green PCR kit with specific primers listed in TableS2. All
primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China).

2.7 Total protein extract and western blotting assay

Briefly, placental, adrenal tissue, and NCI-H295R cells were rinsed three times with ice-cold phosphate-
buffered saline (PBS) and then lysed for 30min at 4degC in radioimmunoprecipitation assay (RIPA) lysis
buffer containing phosphatase inhibitor cocktail, followed by the BCA Assay kit for protein quantification.
A total of 30μg of proteins was loaded to each lane, isolated by 10% sodium dodecyl sulfate-polyacrylamide
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gel electrophoresis (SDS-PAGE). For the transfer to the membrane, a wet transfer was performed using
an assembly of polyvinyl diisopropyl fluoride (PVDF) membranes (Millipore, MA, USA). The transfer was
performed at 100v, 350 mAmp for 1h. After three washes with TBST (25 mM Tris-HCl, 50 mM NaCl,
0.05% Tween-20), the membrane was blocked with 5% skim milk in TBST for 1h. The primary antibodies,
including anti-P Glycoprotein (P-gp) (1:1000 dilution, Abcam, ab170904) and anti-hydroxysteroid 11beta-
dehydrogenase 1, (11β-HSD1) (1:1000 dilution, Abcam, ab39364), anti-11β-HSD2 (1:1000 dilution, Santa
Cruz, sc-365529), anti-Sirt3 (1:1000 dilution, ABclonal, A7307), anti-IGF1 (1:200 dilution, Santa Cruz,
sc9013) and anti-steroidogenic acute regulatory protein (StAR) (1:1000 dilution, ABclonal, A16432) were
added to TBST in 5% skim milk and placed on constant shaking at 4°C overnight. After incubation and
washing, the membranes were incubated with secondary antibodies (anti-mouse and anti-rabbit conjugated
with horseradish peroxidase) at a 1:5000 dilution for 1 h and were detected using an enhanced chemilumi-
nescent detection kit (Bridgen, Beijing, China; D046). Densitometric analyses were performed using ImageJ
software (National Institutes of Health).

2.8 Immunohistochemical assays

Immunohistochemistry analysis was performed by using a DAB staining kit (Gene Tech Co. Ltd., Shanghai,
China; GK347011) to determine the expression levels of StAR (1:1000 dilution) in adrenals at GD20, PW12,
and PW28. Adrenals were cut into 5 μm-thick slices along the longitudinal axis. For immunohistochemical
staining, the slices were dewaxed and washed in PBS. After antigen retrieval, adrenal sections were blocked
in 5% blocking serum at room temperature for 30 min and probed with primary antibodies overnight at
4. After primary antibody incubation, sections were incubated with a biotinylated secondary antibody and
then with an avidin-biotinylated horseradish peroxidase complex solution according to the manufacturer’s
directions. Finally, peroxidase activity was determined with a DAB staining kit (Gene Tech Company,
Ltd., Shanghai, China). All the images were analyzed using Image-Pro Plus software (version 6.1, Media
Cybernetics, Silver Spring, USA). The intensity of StAR staining was determined by measuring the mean
optical density in five random fields for each sample, and five sections from different samples per group were
used for quantification.

2.9 Statistical analysis

SPSS 19 (SPSS Science Inc., Chicago, Illinois) and Prism 6.0 (Graph Pad Software, La Jolla, CA, USA) were
used to perform data analysis. Quantitative data expressed as the mean ± S.E.M. Two-tailed Student’st
-test was used for comparisons between the control and treated groups, and studies involving more than two
groups, data were evaluated with one-way Analysis of Variance (ANOVA) followed by the Tukey’s post hoc
test. Statistical significance was defined asP< 0.05.

3 Results

3.1 The phenomenon of low maternally derived glucocorticoid exposure in fetal blood induced
by PDE and its occurrence mechanism

The level of basic glucocorticoid (cortisol in humans and corticosterone in rodents) during the intrauterine
period is a key factor in regulating the maturity and function of fetal tissue. To explore the effects of PDE on
fetal serum glucocorticoid levels and its occurrence mechanism, we first examined the corticosterone levels
in maternal and fetal serum. Compared with the maternal control rats, the serum corticosterone levels were
significantly reduced in the PDE group (P <0.05, Fig 1A), while the serum ACTH levels were not markedly
changed (Fig 1B). Meanwhile, qRT-PCR analysis showed that the mRNA expressions of adrenal steroidogenic
genes, including StAR, P450scc, P450c21, and P450c11, were significantly reduced in the PDE maternal rats
(P <0.05,P <0.01, Fig 1C). Compared with the fetal control rats, the serum corticosterone levels were also
significantly reduced in the PDE group (P <0.01, Fig 1D). The placental glucocorticoid barrier is a crucial
factor controlling the transfer of maternal glucocorticoid to the fetus. Hence, we examined the expression of
the placental glucocorticoid barrier-related transport protein (P-gp) and glucocorticoid metabolic enzymes
(11β-HSDs). The results showed that compared with the control group, the mRNA expression of P-gp
encoding genes — Mdr1a and Mdr1b in placental were significantly reduced in the PDE group, and the
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mRNA expression of placental 11β-HSD1 was increased (P <0.01, Fig 1E) while that of 11β-HSD2 was not
significantly changed, resulting in the markedly increased ratio of 11β-HSD1/11β-HSD2 mRNA expression
(P <0.01, Fig 1F). Meanwhile, western blotting analysis also suggested similar conclusions at the protein
expression level (P <0.05,P <0.01, Fig 1G-I). Furthermore, we analyzed the correlation between maternal
serum corticosterone levels and fetal serum corticosterone levels, and found a significant positive correlation
between them (P <0.01, Fig 1J). These results indicated that the serum corticosterone levels were reduced
in the PDE fetal rats, and its occurrence was mainly related to the decrease of maternal corticosterone levels
and the open placental glucocorticoid barrier.

3.2 Changes in fetal adrenal GC-IGF1 axis andsteroidogenic function induced by PDE and its
possible mechanisms

Compared with the control group, the mRNA expressions of fetal adrenal steroidogenic genes, including
StAR, P450scc, P450c21, and P450c11, were reduced in the PDE group (P <0.01, Fig 2A), and StAR
protein expression was also significantly reduced (P <0.05, Fig 2B, C). We also observed the expression of
fetal adrenal IGF1 and its downstream signaling pathway, and found that the mRNA expression levels of
IGF1, IGF1R, and Akt1 were markedly decreased in the PDE group (P <0.01, Fig 2D). Further, we explored
their occurrence mechanism. The results showed that compared with the control, adrenal glucocorticoid
receptor α (GRα) mRNA expression was significantly increased in the PDE fetal rats (P <0.01, Fig 2E).
Fetal adrenal microarray analysis indicated that the expression of miR-370-3p was reduced in the PDE
group (Fig 2F), and Sirt3 might be the target gene of miR-370-3p through bioinformatics prediction. We
confirmed that adrenal miR-370-3p expression was decreased and Sirt3 expression increased in the PDE fetal
rats using qRT-PCR (P <0.01, Fig 2G, H). Moreover, screening revealed that the H3K9ac and H3K27ac
levels of the IGF1 promoter region were reduced in the PDE fetal adrenal glands (P <0.01, Fig 2I) while
the H3K14ac level was not significantly changed (Fig 2I). These data indicated that the GRα/miR-370-
3p/Sirt3/IGF1 signaling pathway might mediate the adrenal low steroidogenic function in the PDE fetal
rats through histone acetylation modification.

3.3 Changes in adult adrenal GC-IGF1 axis and steroidogenic function induced by PDE and
its possible mechanisms

To confirm that the PDE-induced inhibition of fetal adrenal steroidogenesis could continue after birth and
explore its epigenetic programming mechanism, we detected the changes in adrenal steroidogenesis in PW 12
and PW28. The results showed that compared with the respective controls in PW12 and PW28, the serum
corticosterone levels and the mRNA expression of the adrenal steroidogenic genes (StAR and P450scc) and
IGF1 signaling pathway were significantly reduced in the PDE group (P <0.05, P <0.01, Fig 3A, B and D),
and immunohistochemical examination confirmed that the protein expression of StAR was also significantly
reduced (P <0.05, P <0.01, Fig 3C). Meanwhile, PDE decreased the expression of adrenal GRα and miR-
370-3p, increased Sirt3 expression, and decreased the H3K27ac level of IGF1 promoter region (P <0.05, P
<0.01, Fig 3E-H), while H3K9ac and H3K14ac levels of IGF1 did not change significantly (Fig 3H). This
suggested that the adrenal steroidogenic function was continually reduced in the PDE offspring after birth,
and GRα/miR-370-3p/Sirt3/IGF1 signaling pathway might mediate the low adrenal steroidogenesis in the
PDE adult offspring rats through histone acetylation modification.

3.4 Changes in positive programming of adrenal GC-IGF1 axis in PDE adult offspring with
chronic stress and its related mechanisms

Furthermore, we confirmed the changes in positive programming of the adrenal GC-IGF1 axis in PDE
adult rats through chronic stress (2 weeks of ice-water swimming). We found that serum corticosterone
levels increased in both the control group and the PDE group with chronic stress, but the increase was
more significant in the PDE group (P <0.05, P <0.01, Fig 4A). Next, compared with the groups without
chronic stress, the expressions of adrenal IGF1 and steroidogenesis-related genes (StAR and P450scc) were
significantly decreased in the control group with chronic stress, while significantly increased in the PDE
group with chronic stress (P <0.05, P <0.01, Fig 4B, C). These results indicated that the adrenal GC-IGF1
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axis of the normal offspring rats showed the negative changes, while that of the PDE offspring rats showed
positive changes.

We also detected the changes of relevant indicators of the GC-IGF1 axis positive programming mechanism
in the PDE offspring rats. Compared with the respective groups without chronic stress, the expression
of adrenal GRα was increased, the expression of miR-370-3p was decreased, the expression of Sirt3 was
increased, and the H3K27ac level of IGF1 promoter region was decreased in the control group with chronic
stress (P <0.05, P <0.01, Fig 4D-G). However, these indicators showed consistent opposite changes in the
PDE group with chronic stress (P <0.05, P <0.01, Fig 4D-G). These data indicated that the expression
changes of the GRα/miR-370-3p/Sirt3 pathway and the H3K27ac level of the IGF1 promoter region were
presented in a glucocorticoid-dependent manner in the adult PDE offspring rats.

3.5 Inhibition of dexamethasone on IGF1 andsteroidogenic function inNCI-H295R cells

Dexamethasone can easily enter the fetal blood through placentas. This study sought to determine whether
dexamethasone in utero affected fetal adrenal steroidogenic function and exhibited an intrauterine pro-
gramming effect. First, we detected the effects of dexamethasone with different concentrations (0, 20, 100,
500 nM) on the mRNA and protein expression of IGF1 and StAR, and the level of intracellular cortisol
in the human adrenocortical cell line (NCI-H295R). The results showed that compared with the control,
dexamethasone concentration-dependently decreased the above indicators (P< 0.05, P< 0.01, Fig 5A-D).
Compared with the 500 nM dexamethasone group, exogenous IGF1 treatment reversed the inhibitory effect
of dexamethasone on StAR expression (P< 0.05, P< 0.01, Fig 5E). Meanwhile, we observed the effects of
dexamethasone on histone acetylation of the IGF1 promoter region, and found that the H3K9ac level of the
IGF1 promoter region was significantly reduced (P< 0.05, Fig 5F), while there were no significant changes
in the H3K14ac and H3K27ac levels (Fig 5F). This suggested that dexamethasone reduced steroidogenic
function by inhibiting the H3K9ac and expression levels of IGF1 in the human adrenocortical cells.

3.6 Inhibition of GC-IGF1 axis andsteroidogenic function by low physiological concentrations
of cortisol in NCI-H295R cells

As mentioned above, we had confirmed a low level of maternal glucocorticoid in fetal rats induced by
PDE. Here, we further explored the effect of low glucocorticoid levels on adrenal steroidogenic function
in NCI-H295R cells. Studies have reported that physiological cortisol concentration fluctuation range of
normal neonatal is 11.67 +/- 4.68 μg/dl (303.5 +/- 129.1 nM), while neonates treated with dexamethasone
during pregnancy have a range of 8.45 +/- 6.31 μg/dl (233.1 +/- 174.1 nM) (Srivastava et al. , 1994).
Thus, we treated NCI-H295R cells with different concentrations (300, 150, and 75 nM) of cortisol for 24 h.
Compared with the physiological control (300 nM) (Ruyet al. , 2017), the StAR expression and intracellular
cortisol level were decreased in a cortisol concentration-dependent manner (P <0.05, P <0.01, Fig 6A,B).
Meanwhile, the expression of GRα and miR-370-3p were decreased, the expression of Sirt3 was increased,
and the H3K27ac and expression levels of IGF1 promoter region were decreased (P <0.05,P <0.01, Fig
6C-G), while the H3K9ac and H3K14ac levels of IGF1 promoter region did not change significantly (Fig 6F).
Moreover, the protein expressions of StAR, Sirt3, and IGF1 were consistent with their mRNA expression
(Fig 6H). These data indicated that low physiological concentrations of cortisol might inhibit steroidogenic
function by altering GRα/miR-370-3p/Sirt3/IGF1 expression in the human adrenocortical cells.

3.7 ΓΡα/μιΡ-370-3π/Σιρτ3/ΙΓΦ1 πατηωαψ μεδιατεδ τηε ινηιβιτιον οφ ΣτΑΡ εξπρεσσιον

ςαυσεδ βψ λοω πηψσιολογιςαλ ςονςεντρατιονς οφ ςορτισολ

To further confirm that the GRα/miR-370-3p/Sirt3/IGF1 pathway mediated the inhibitory effect of low
physiological concentrations of cortisol on StAR expression, we conducted a series of interference experiments.
Firstly, we treated the NCI-H295R cells with exogenous IGF1, and found that IGF1 could significantly
reverse the inhibitory effect of 75 nM cortisol on StAR expression (P< 0.05,P< 0.01, Fig 7A). Secondly,
we observed that 75 nM cortisol decreased the H3K27ac and expression levels of the IGF1, while treatment
with the Sirt3 siRNA or miR-370-3p mimics reversed the above effects of cortisol (P< 0.05,P< 0.01, Fig 7B,
C, E, F). And miR-370-3p over-expression also significantly reversed the effect of 75 nM cortisol on Sirt3
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expression (P< 0.05, Fig 7D). Furthermore, we found that the 3’UTR of Sirt3 mRNA contains a potential
miR-370-3p binding site via bioinformatics prediction, and successfully constructed the double luciferase
expression vectors containing the Sirt3 wild type or mutant type (416–422 location) sequence (Fig 7G). The
results showed that compared to the respective control, co-transfection of miR-370-3p mimics with Sirt3
WT 3’UTR luciferase reporter plasmids significantly reduced luciferase activity, while co-transfection of
miR-370-3p mimics with Sirt3 MUT 3’UTR luciferase reporter plasmids showed no significant change in the
luciferase activity (P< 0.05, P< 0.01, Fig 7H). In addition, 75 nM cortisol reduced the GRα expression, and
transfection with GRα plasmid could significantly reverse the inhibitory effect of 75 nM cortisol on miR-370-
3p expression and the H3K27ac and expression levels of IGF1 (P< 0.01, Fig 7I-K). These data indicated that
low physiological concentrations of cortisol reduced GRα expression, downregulating miR-370-3p to target
upregulation of Sirt3, which resulted in the decreased H3K27ac and expression levels of IGF1. Ultimately,
the StAR expression was reduced.

4 Discussion

4.1 The basis of establishing a PDE rat model and the significance of offspring’s abnormal
adrenal function in the occurrence of fetal-derived diseases

Dexamethasone is often given to treat pregnant women at risk of premature delivery in the second and third
trimester of pregnancy (Gilstrap et al. , 2001). The classic clinical application of dexamethasone in the
treatment of premature infants is an intramuscular injection every 12 h, 6 mg each time, for a total of 4
times. However, approximately 1/3 of pregnant women change from preventive to continuous administration
due to the difficulty in early diagnosis of preterm delivery and the inefficacy of a single course in some
pregnant women, resulting in multiple courses of treatment, sometimes more than 11 courses (Quinlivan et
al. , 1998; Murphy et al. , 2008). Accumulating animal experiments showed that multi-course treatment
could cause a series of long-term adverse effects (Elfayomy et al. , 2014). The National Institutes of Health
(NIH) suggested that more animal experiments were needed to explore the long-term effects of multi-course
treatment.

In humans, the adrenal fetal zone and permanent zone gradually forms a transitional zone in the 16th-
20thweeks during pregnancy, which has some typical characteristics of the adrenal cortex (Mesianoet al. ,
1993). In rats, the development of the adrenal cortex starts from the migration of corpus callosum epithelial
cells of the urogenital system from GD 9 (Hatanoet al. , 1996). The vital organs that sustain life have
also developed and have corresponding functions in the second and third trimesters of pregnancy. Besides,
prenatal treatment with dexamethasone in rats at 0.2 mg/kg·d in this study is comparable with that used
in humans at 0.03 mg/kg·d. And the standard dose of dexamethasone in clinical settings during pregnancy
is 0.05-0.2 mg/kg·d (Moisiadis et al. , 2014b). Therefore, we subcutaneously administrated 0.2 mg/kg·d
dexamethasone on GD9-20 to establish the PDE rat model based on the clinical treatment status and the
characteristics of adrenal development.

Glucocorticoids are involved in regulating the biosynthesis and metabolism of sugar, fat, and protein in the
body, which play a vital role in the occurrence and development of various chronic diseases (Goodwin et al. ,
2012). Longitudinal studies reported that repeated antenatal dexamethasone treatment could cause adverse
effects on the growth and development of offspring (Frenchet al. , 1999), such as cognitive and behavioral
disorders (French et al. , 2004). Recently, we confirmed multi-organ developmental abnormalities in offspring
and susceptibilities to various diseases after birth, such as osteoporosis (Xiao et al. , 2018), neurobehavioral
disorders (Huang et al. , 2019), glomerular sclerosis (Liet al. , 2019) in the PDE rat model. In this study, we
used the same PDE rat model and found that the adrenal steroidogenic function persistently reduced in the
offspring. These findings have significance to understand the occurrence and development of various chronic
diseases in adult PDE offspring.

4.2 The low level of maternally derived glucocorticoid exposure in the PDE fetal rats and its
maternal-fetal interaction mechanism

In humans, the weight and size of the maternal adrenal gland don’t change significantly during pregnancy.
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However, the level of free glucocorticoid in maternal blood is still increased by 2-4 times in the third trimester
compared with pre-pregnancy(Nolten et al. , 1981; Rainey et al. , 2004). This indicates that the glucocorticoid
synthesis function of the maternal adrenal is enhanced during pregnancy. The development of the fetal adrenal
gland is a unique process. Although the fetal adrenal gland can synthesize a small amount of glucocorticoid
through progesterone (Macnaughton et al. , 1977), thede novo glucocorticoid synthesis pathway in the fetal
adrenal gland was established in the third trimester (Mesiano et al. , 1997). Therefore, the amount of
glucocorticoid secreted by the fetal adrenal gland is relatively less than that of the mother, and the fetal
blood glucocorticoid in the intrauterine period is mainly derived from maternal blood.

In vivo , we found dexamethasone directly inhibited the maternal adrenal steroidogenesis rather than inhibi-
ting the HPA axis. Further, the serum corticosterone levels were also decreased significantly in the PDE fetal
rats. It is known that the maternal glucocorticoid levels during pregnancy are 5-10 times higher than that of
the fetus, and the concentration gradient is maintained by the placental glucocorticoid barrier, including P-
glycoprotein and 11β-HSDs system (Zhu et al. , 2019). In this study, we observed PDE opened the placental
glucocorticoid barrier. Moreover, we also confirmed that there is a positive correlation between maternal and
fetal serum corticosterone levels. In summary, we demonstrated the low exposure to maternal glucocorticoid
in the PDE fetal rats was mainly due to the decrease of maternal serum glucocorticoid level and the opening
of the placental glucocorticoid barrier, indicating the presence of a maternal-fetal interaction mechanism.

4.3 The positive programming of GC-IGF1 axis mediated thegender difference in adrenal
function of the PDE offspring after birth

There is a common phenomenon of maternal glucocorticoid overexposure induced by the prenatal adverse
environment, such as xenobiotics exposure (Morales-Rubio et al. , 2019), hypoxia (Cuffe et al. , 2014), and
stress (Buss et al. , 2012). Our previous research found that the negative regulation change of the GC-
IGF1 axis was involved in the adrenal developmental programming and homeostasis alterations in offspring
with high maternally derived glucocorticoid exposure (Huang et al. , 2015; He et al. , 2019). However,
in this study, the serum corticosterone levels decreased in the PDE male offspring, accompanied by the
persistent decrease in the H3K27ac level of the IGF1 promoter region, IGF1 signaling pathway and adrenal
steroidogenesis. It should be noted that chronic stress significantly increased the serum corticosterone level
in adult offspring of the control group, while the above indicators decreased. The serum corticosterone levels
were markedly increased in the PDE adult offspring with chronic stress; meanwhile, the above-accompanied
indicators were significantly enhanced. In vitro,the lower physiological concentrations of cortisol decreased
the IGF1 H3K27ac and expression levels as well as intracellular cortisol production, and the over-expression
of GRα could reverse these inhibitory effects of cortisol. In conclusion, PDE-induced maternal glucocorticoid
low-exposure caused adrenal insufficiency of the male offspring ratsvia “positive programming” of the GC-
IGF1 axis.

Exposure to the same environment during pregnancy has different effects on the growth and development
in individuals and the occurrence time, course, and outcome of chronic diseases in the offspring of different
genders (van Abeelen et al. , 2011; Waddell et al. , 2012; Schaafsma et al. , 2017). Clinic and animal studies
reported that the gender difference in catch-up growth patterns is related to the differences in sex hormones in
individuals (Perry et al. , 2008). Accumulating evidence has shown that IGF1 plays a vital role in the catch-
up growth of mammals, and estrogen can promote IGF1 expression through estrogen receptors (Hewittet
al. , 2019). This study also sought to determine whether the adrenal development in PDE female offspring
is different from that of the males and whether it is also regulated by positive programming of the GC-
IGF1 axis. In this study, we found the serum corticosterone level of the PDE male offspring decreased after
birth, accompanied by continuous inhibition of adrenal IGF1 signaling pathway and steroidogenic function.
However, the serum corticosterone level of the PDE females increased after birth (Fig S2), accompanied by
continuous enhancement of the above indicators. This suggested that positive programming of the GC-IGF1
axis is also involved in the PDE female adrenal development, and the enhanced female adrenal steroidogenic
function after birth might be related to the high level of estrogen to promote IGF1 expression via estrogen
receptor.
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4.4 ΓΡα/μιΡ-370-3π/Σιρτ3 σιγναλ μεδιατεδ τηε λοωερ πηψσιολογιςαλςονςεντρατιονς

οφ γλυςοςορτιςοιδ-ινδυςεδ ποσιτιvε προγραμμινγ οφ τηε αδρεναλ Γ῝-ΙΓΦ1 αξις

In this study, the levels of H3K27ac of the adrenal IGF1 promoter region decreased continuously in the PDE
offspring rats. Further, we found that the expression of adrenal Sirt3 significantly increased in the PDE
fetal rats (Fig S3). Mitochondria are the main organelles for adrenal steroidogenesis, and Sirt3 is the main
histone deacetylase in mitochondria (Onyango et al. , 2002). We observed that the adrenal Sirt3 expression
markedly increased in the PDE offspring rats, while its expression relatively decreased with chronic stress
in adulthood. Studies have reported that Sirt3 is targeted by miRNAs (Zhang et al. , 2018). We found
that the adrenal miR-370-3p expression reduced in the PDE fetal rats by whole-genome sequence analysis.
Meanwhile, miRWalk bioinformatics prediction revealed that the 3’UTR of Sirt3 mRNA had a miR-370-
3p target site. In vivo , the adrenal miR-370-3p expression significantly reduced in the PDE offspring,
while its expression relatively increased with chronic stress in adulthood.In vitro, the low physiological
concentrations of cortisol concentration-dependently inhibited the miR-370-3p expression and promoted Sirt3
expression. Further, Sirt3 knockdown or miR-370-3p mimics significantly reversed the inhibitory effect of
low physiological concentration of cortisol on the H3K27ac and expression levels of IGF1, and miR-370-3p
mimics also reversed its promotive effect on Sirt3 expression. Additionally, the luciferase reporter analysis
showed that miR-370-3p could directly target Sirt3. It indicated the low physiological concentrations of
glucocorticoid downregulated miR-370-3p to target up-regulation of Sirt3, thereby reducing the H3K27ac
and expression levels of IGF1 in NCI-H295R cells.

Glucocorticoids mainly exert biological effects through GR, and GR can regulate the expression of non-
coding RNA, including miRNA (Tessel et al. , 2010). In this study, we found that the increased expression
of fetal adrenal GRαin utero was related to the fetal blood dexamethasone exposure, while the adrenal GRα
expression alterations after birth was consistent with the serum corticosterone concentration. Moreover, in
vitro,the low physiological concentrations of cortisol inhibited the expression of GRα and miR-370-3p, while
over-expression of GRα reversed the inhibitory effect of cortisol on miR-370-3p expression. Above all, it
indicated the GRα/miR-370-3p/Sirt3 signal mediated the low physiological concentrations of endogenous
glucocorticoids on the positive programming of the adrenal GC-IGF1 axis (Fig 8).

In addition, we were interested in whether the suppression of dexamethasone on adrenal IGF1 expression
could last until after birth. We found that the H3K9ac and H3K27ac levels of the adrenal IGF1 promoter
region decreased in the PDE fetal rats, but only the H3K27ac level decreased after birth. In vitro , dexam-
ethasone significantly reduced the H3K9ac level of the IGF1 promoter region. It suggested dexamethasone
could inhibit adrenal IGF1 expression by reducing the H3K9ac level of the IGF1 promoter region in utero,
but this effect could not continue after birth (without dexamethasone exposure).

5 Conclusions

This study confirmed that PDE inhibited maternal adrenal function and opened placental glucocorticoid
barrier, leading to a low exposure of maternally derived glucocorticoid in the fetal rats. The low level of
intrauterine endogenous glucocorticoids could cause adrenal insufficiency in adult male offspring rats, which
is mediated by the GRα/miR-370-3p/Sirt3 signal through epigenetic positive programming of the GC-IGF1
axis. However, the inhibitory effect of dexamethasone on adrenal function can’t last after birth. It remains
to think the causes of gender differences in adrenal function of PDE offspring after birth. This study for
the first time systematically confirmed that synthetic glucocorticoids (e.g., dexamethasone) could alter the
adrenal development programming and homeostasis in offspring by inhibiting the maternal adrenal function,
and it provides an important theoretical and experimental evidence for the comprehensive explanation of
maternal adrenal influence on the offspring development and the disease susceptibility.
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Figure legends

Fig 1. Alterations in the maternal adrenal and placental functions, and the level of CORT in
fetal male rats with PDE.(A) Maternal serum CORT concentration; (B) Maternal serum ACTH con-
centration; (C) The mRNA expression of maternal adrenal steroidogenic genes; (D) Fetal serum CORT con-
centration; (E) Placental Mdr1a, Mdr1b, 11β-HSD1, 11β-HSD2 mRNA expression; (G, H) Placental Mdr1a,
Mdr1b, 11β-HSD1, 11β-HSD2 protein expression; (F, I) The ratio of placental 11β-HSD1/11β-HSD2 mRNA
and protein expression; (J) Correlations between maternal serum CORT concentration and fetal serum
CORT concentration. n=8 placentas or adrenals for qRT-PCR and n=3 for Western blot in each group.
Comparisons between groups were performed using Student’s t -test or Pearson correlation analysis. Mean
± S.E.M.,*P <0.05,**P <0.01 vs . respective controls. CORT, corticosterone; PDE, prenatal dexamethasone
exposure; ACTH, adrenocorticotropic hormone; Mdr1a, multidrug-resistance protein 1a; 11β-HSD1, hydrox-
ysteroid 11-beta dehydrogenase 1; StAR, steroidogenic acute regulatory protein; P450scc, cytochrome P450
cholesterol side-chain cleavage; 3β-HSD, 3β-hydroxysteroid dehydrogenase; P450c21, steroid 21-hydroxylase;
P450c11, steroid 11β-hydroxylase.

Fig 2. Alterations in serum CORT level, histone acetylation and expression levels of IGF1,
adrenal steroidogenesis, and related indicators in fetal male rats with PDE.(A, D, E, H) The
mRNA expression of fetal adrenal steroidogenic genes, IGF1 signal pathway, GRα and Sirt3; (B, C) StAR
protein expression (yellow represents StAR positive cells, 400×); (F) Clustering of miRNAs differentially
expressed in fetal adrenal; (G) Adrenal miR-370-3p expression; (I) Enrichment of H3K9ac, H3K14ac and
H3K27ac levels of IGF1 promoter region; preimmune IgG served as the negative control. n=8 adrenals
for qRT-PCR and n=5 for IHC/ChIP assay in each group. Comparisons between groups were performed
using Student’s t -test Mean ± S.E.M.,*P <0.05,**P <0.01 vs . respective controls. CORT, corticosterone;
IGF1, insulin-like growth factor 1; PDE, prenatal dexamethasone exposure; GRα, glucocorticoid receptor
alpha; H3K9ac, histone 3 lysine 9 acetylation; StAR, steroidogenic acute regulatory protein; P450scc, cy-
tochrome P450 cholesterol side-chain cleavage; 3β-HSD, 3β-hydroxysteroid dehydrogenase; P450c21, steroid
21-hydroxylase; P450c11, steroid 11β-hydroxylase; IGF1R, IGF1 receptor; Akt1, protein kinase B.

Fig 3. Alterations in serum CORT level, histone acetylation and expression levels of IGF1,
adrenal steroidogenesis, and related indicators s in male offspring rats with PDE.(A) Adult
serum CORT concentration; (B, D, E, G) Adrenal GRα, Sirt3, IGF1 signal pathway, StAR and P450scc
mRNA expression; (F) miR-370-3p expression; (C) Adrenal StAR protein expression (yellow represents
StAR positive cells, 400×); (H) Enrichment of H3K9ac, H3K14ac and H3K27ac levels of IGF1 promoter
region; preimmune IgG served as the negative control. n=8 adrenals for qRT-PCR and n=5 for IHC/ChIP
assay in each group. Comparisons between groups were performed using Student’st -test. Mean ± S.E.M.,*P
<0.05,**P <0.01 vs . respective controls. CORT, corticosterone; IGF1, insulin-like growth factor 1; PDE,
prenatal dexamethasone exposure; GRα, glucocorticoid receptor alpha; StAR, steroidogenic acute regulatory
protein; P450scc, cytochrome P450 cholesterol side-chain cleavage; H3K9ac, histone 3 lysine 9 acetylation;
IGF1R, IGF1 receptor; Akt1, protein kinase B.

Fig 4. Effects of chronic stress on CORT level, the histone acetylation and expression levels of
IGF1, steroidogenesis, and related indicators in male rats with PDE.(A) Serum CORT concentra-
tion; (B-D,F) Adrenal GRα, Sirt3, IGF1, StAR and P450scc mRNA expression; (E) miR-370-3p expression;
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(G) Enrichment of H3K27ac level of IGF1 promoter region; preimmune IgG served as the negative control.
n=8 adrenals for qRT-PCR and n=5 for ChIP assay in each group. Mean ± S.E.M., *P <0.05,**P <0.01 vs
. respective controls. CORT, corticosterone; IGF1, insulin-like growth factor 1; PDE, prenatal dexametha-
sone exposure; GRα, glucocorticoid receptor alpha; StAR, steroidogenic acute regulatory protein; P450scc,
cytochrome P450 cholesterol side-chain cleavage; H3K27ac, histone 3 lysine 27 acetylation.

Fig 5. Effects of dexamethasone on the histone acetylation and expression levels of IGF1 and
steroidogenesis in NCI-H295R cells.(A) IGF1 mRNA expression; (B, E) StAR mRNA expression; (C)
IGF1 and StAR protein expression; (D) Intracellular cortisol concentration; (F) Enrichment of H3K9ac,
H3K14ac, H3K27ac levels of IGF1 promoter region; preimmune IgG served as the negative control. n=6
for qRT-PCR from triplicate independent experiments and n=5 for Western blot in each group. Mean
± S.E.M.,*P <0.05,**P <0.01 vs control;#P <0.05,##P <0.01 vs 500 nM dexamethasone by one-way
ANOVA or Student’s t -test. IGF1, insulin-like growth factor 1; StAR, steroidogenic acute regulatory
protein; H3K9ac, histone 3 lysine 9 acetylation.

Fig 6. Effects of low physiological concentrations of cortisol on the histone acetylation and
expression levels of IGF1, steroidogenesis and related indicators in NCI-H295R cells. (A, C-
E, G) StAR, GRα, miR-370-3p, Sirt3 and IGF1 expression; (B) Intracellular cortisol concentration; (G)
Enrichment of H3K9ac, H3K14ac, H3K27ac levels of IGF1 promoter region; preimmune IgG served as the
negative control; (H) StAR, Sirt3 and IGF1 protein expression. n=6 for qRT-PCR from triplicate indepen-
dent experiments and n=5 for Western blot/ChIP assay in each group. Comparisons between groups were
performed using Student’s t -test and ANOVA. Mean ± S.E.M.,*P <0.05,**P <0.01 vs . respective con-
trols. IGF1, insulin-like growth factor 1; StAR, steroidogenic acute regulatory protein; GRα, glucocorticoid
receptor alpha; H3K9ac, histone 3 lysine 9 acetylation.

Fig 7. Εφφεςτς οφ λοω πηψσιολογιςαλ ςονςεντρατιονς οφ ςορτισολ ον ΙΓΦ1 ανδ ΣτΑΡ
εξπρεσσιον τηρουγη τηε ΓΡα/μιΡ-370-3π/Σιρτ3 πατηωαψ ιν Ν῝Ι-Η295Ρ ςελλς. To confirm
the roles of GRα, miR-370-3p, and Sirt3 in the gene regulation of cortisol, we incubated the cells with cortisol
(300 nM) in the absence or presence of GRα plasmid, miR-370-3p mimics, Sirt3 siRNA, IGF1 plasmid,
respectively, for 24 h and then harvested. (A) StAR mRNA expression; (B, E, J) Enrichment of H3K27ac
level of IGF1 promoter region; preimmune IgG served as the negative control; (C, F, K) IGF1 expression; (D)
Sirt3 expression; (G) Sequence of the WT or mutated miR-370-3p binding site within the 3’-UTR of Sirt3
mRNA; (H) The association between miR-370-3p and Sirt3 by luciferase assay; (I) miR-370-3p expression.
n=6 for qRT-PCR from triplicate independent experiments and n=5 for Western blot/ChIP assay in each
group. Mean ± S.E.M.,*P <0.05,**P <0.01 vs control;#P <0.05,##P <0.01 vs 75 nM cortisol by one-
way ANOVA or Student’s t -test. IGF1, insulin-like growth factor 1; StAR, steroidogenic acute regulatory
protein; GRα, glucocorticoid receptor alpha; H3K27ac, histone 3 lysine 27 acetylation.

Φιγ 8. Τηε ΓΡα/μιΡ-370-3π/Σιρτ3 πατηωαψ μεδιατεδ τηε ινηιβιτορψ εφφεςτ οφ λοω

πηψσιολογιςαλ ςονςεντρατιονς οφ ςορτισολ ον τηε Η3Κ27ας ανδ εξπρεσσιον λεvελς οφ

ΙΓΦ1. GRα, glucocorticoid receptor alpha; GRE, glucocorticoid receptor element; IGF1, insulin-like growth
factor 1; H3K27ac, histone 3 lysine 27 acetylation.

Supplementary information:

Fig S1. The schedule of animal treatment from gestational day (GD) 0 to postnatal week
(PW) 28.

Fig S2. Alterations in serum corticosterone (CORT) level, insulin-like growth factor 1 (IGF1)
signal pathway, and adrenal steroidal synthase expression in female adult offspring rats with
prenatal dexamethasone exposure.

Fig S3. Alterations in expression of histone acetylases and deacetylases in the fetal adrenal
with prenatal dexamethasone exposure (PDE).

Table S1. Oligonucleotide primers for qRT-PCR.
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Table S2. Oligonucleotide primers for ChIP-PCR.
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