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Abstract

Hypoxia upregulates hypothalamic corticotrophineasing hormone (CRH) and its receptor type-1 (CRHR1

expression and activates the HPA axis and indugpsxic sickness and behavioral change. The trgvismnal

mechanism by which hypoxia differently regulatesHER expression remains unclear. Here we report hypoxia

time-dependently induced biphasic expression of RRIHRNA in rat pituitary during different physiolagil status.

Short exposure of gestational dams to hypoxia red @RHRImMRNA in the pituitary of P1-P14 male rdspfing.

A short- and prolonged-hypoxia evoked biphasic sesp of CRHR1mMRNA characterized initially by dese=aand

subsequently by persistent increases, mediated tapid negative feedback via CRHR1 signaling anditpe

transcriptional control via NkB, respectively. Further analysis of CRHRfomoter in cultured primary anterior

pituitary and AtT20 cells showed that c-Jun/AP-livéeed negative while HIF-d and NF«B delivered positive

control of transcription at CRHR1 promoter. The at@ég and positive inputs are integrated by hypamitiation

and duration in CRHR1 transcription.

Keywords: AP-1; CRH; Corticotropin-releasing hormone recefdtptypoxia;NF«B;Transcription;
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1. Introduction

CRH and CRHR1 are well known to play a crucial rioldhomeostasis, endocrine and behavior modulgfamot

et al., 2017Hillhouse and Grammatopoulos, 2006; Carlin et @0& Refojo et al.,2011; Nikodemova et al., 2002;

Westphal etal., 2009; Klenerova et al., 2008; Pateal., 1994; Kolasa et al., 2014) by coordiratime response of

the brain and the HPA axis during stresses, innpdiypoxia (Chen et al., 2012; Fan et al., 2009 §\&t al., 2013;

Wang et al., 2004; Xu et al., 2006). Hypoxia iscanmon pathophysiological event with a potentialuahce on

gene transcription. Hypoxia stimulation of the H&4s may be experienced by embryos in utero, nespadults,

and elders, showing a distinct spatio-temporal ghan CRHR1 mRNA expression. We have previoushoreul

that exposure of neonatal rats to hypoxia activa&iB$l andCRHR1 mRNA expression and the HPA axis, and

gestational hypoxia induces an anxiety-like behagiod down-regulates the methylation of CRHR1 priambut

upregulates CRHR1 mRNA in the hypothalamus paraietdr nucleus (PVN) of male offspring (Fan et a009;

Fan et al., 2013; Wang et al., 2013). In regarth®o HPA axis, hypoxia can downregulate or upregu@RHR1

mMRNA expression in rat anterior pituitary (Wang at, 2004; Xu et al.,2006), but the precise mecdrasi

underlying the transcriptional modulation are nstyat assessed. Increasing numbers of publicatioggest that

hypoxia-activated or depressed gene expressionsnatizated in many physiological and pathologipabcesses.

Hypoxia exerts profound effects on the transcriptid a large number of genes across a wide rangexajen

tensions (Chen et al., 2012; Chen et al., 2014;e8e8) 2009; Rocha, 2007; Cummins and Taylor, 28@%a and

Millhorn, 2004; Bruning et al., 2012), including gxia-inducible factor (HIF-1), a major transcripti factor in

controlling the ubiquitous transcriptional resporisehypoxia, CREB, a c-AMP response element binotgim,

nuclear factowB (NF«B), and activator protein-1 (AP-1) (Semenza, 200@nmins and Taylor, 2005; Bruning et

al., 2012). NFR¢B is a family of five proteins including RelA (p§3RelB, c-Rel, NF«B1 (p105/p50), and NkB2

(p100/p52) that are ubiquitously expressed, forrmdroor heterodimers and act as a transcriptionaiabers of
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gene in response to numerous stimuli (O'Dea andnkwmin, 2010; Hoffmann et al., 2006). Significantiie

modulation of hypoxia-sensitive genes by NB-is commonly complemented by AP-1, a dimeric imratdearly

transcription factor that is an important pleioimgacilitator of transcriptional cascades (Cummarsd Taylor,

2005).

Whilst these data are suggestive of the possiblecutar mechanisms involved in controlling hypokiduced

CRHR1 gene expression in the pituitary, detailstrahscription and the molecular pathways have resnb

elucidated. Since the extent to which hypobaricdxjg influences gene expression may depend orirtteegeriod

of exposure and also on the stage of an animaleldement we studied CRHR1 transcription in foupdmwia

models with different physiological status: a) @rstexposure of gestational dams to hypoxia (SGHgre dams

were exposed to simulated altitude of 5000 m fdr ger day; b) a short period hypoxia (SH) wheredtalt rats

were exposed to simulated altitude of 7000 m f®8 &nd 24 h; c) a prolonged hypoxia (PH) wherdtadts were

exposed to simulated altitude of 5000 m for 2 amth$s. Finally d) we established arwvitro cell culture model to

study the hypoxia induced cellular mechanisms arfigcriptional control involved in the promoter dRER1. We

found that hypoxia distinctly induced a bidirectbn(biphasic), initially down, followed by up exmson of

CRHR1mRNA in rat pituitary cells that was transcriptitigacontrolled negatively by corticosterone (Corgs)d

Jun/AP-1, and positively by N&B, and HIF-h signaling input.

2. Materials and methods

2.1.Animals

Virgin female, Sprague-Dawley rats weighing 220t@2were purchased from the Experimental Animalt@en

of Zhejiang Province (Hangzhou, Zhejiang, Chinaelnse No. SCXK2008-0033; SCXK (Shanghai) 2012-0002)

Groups of three female rats were housed overnigtht ane eugamic male weighing 350 + 20 g. The dawbich
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sperm was microscopically observed in vaginal smeas designated as embryonic day 0 (EO). The pregats

were randomly allocated to gestational dams to kigp(SGH) and control groups. Rats were housedviddally

under a 12-h light/dark cycle (lights on at 06:00% temperature-controlled room at 22 + 2°C. Fand water were

providedad libitum and the cages were cleaned twice weekly. All drpants were conducted accordance with the

NIH laboratory animal care guidelines. All protaeatoncerning animal use were approved by the Uristital

Animal Care and Use Committee of School of Medicifieejiang University (ZJU201304-1-01-025).

2.2.Prenatal hypoxia stress

A short exposure of SGH. Dams in the SGH group yéaeed into a hypobaric chamber (Avic Guizhou Heing

Aviation Armament Co., Ltd, China, FLYDWC-50-IIC)nsulating hypoxia at 5000 m altitude (equivalent to

~10.8% Qat sea level) for 4 h/day throughout pregnancyqae(E1-E21). The treatment was imposed once daily

from 08:00 to 12:00 (Fig.1) (Fan et al., 2009; Faral., 2013; Wang et al., 2013). The dams in t&rol group

were kept in the same chamber at sea level (equitéd ~ 21 % ¢) under the same conditions as the SGH group.

At the end of SGH experiment, the neonatal baHitger] were kept with own mother until test. Thaydof the

litter’s birth was considered as postnatal day @).(Rfter birth, the pups were left undisturbedhniheir biological

mothers until weaning at P21. They were randoméyrithuted according to birth day (P1, P7, P14, Bad P90)

and housed in groups of five or six per cage (Weaingl., 2013). The brains and pituitary of 8 ofstagost natal

offspring were studied without further exposuréypoxia tests and to minimize intra-specific diffieces, no more

than two male rats from each litter were used féurther test of CRHR1 methylation and mRNA expi@ssn

brain and pituitary.

2.3. Adult hypoxia stress

A short period hypoxia (SH). Healthy adult male &pre-Dawley rats (Experimental Animal Center, Zdaj,
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China) weighing 180 = 20 g were group-housed inlibbavior lab 7 days for environmental adaptatiefoiz

experiments. Rats in the hypoxia group were placesl hypobaric chamber and exposed to hypobarioXigpof

7000 m altitude (~8.2% ffor 1, 8, 24 h (Fig. 2A, B,C,F,G,H,J) or a proledghypoxia (PH), which mimicked at

altitude of 5000 m (~10.8%Q for 2 or 5 days (4 h/per day, Fig.2D,E,l)(Hacakt 2015). The normoxia group

(Control, Con) was placed in the same chambertsstalevel (~ 21 % £ Rats were randomized into different

groups. 1. The Control group was injected (ip) vitB% saline. 2. The Hypoxia group was injectechwithicle

(0.9% saline) before hypoxia stress. 3. Dex groap imjected with Dexamethasone (Dex, 500 pg/kgfop® days

(4 h hypoxia /day, Fig.2l). 4. PDTC group was itgetcwith PDTC (The pyrrolidine dithiocarbamate,iahibitor of

NF«B, 150 mg/kg, Chen, et al., 2013) for 5 days (4ypdxia (10.8% Q) /day, Fig.2E) or for 8 h hypoxia (8.2%

Oz, Fig.2B,G). 5. An antagonist group (Fig.2C,H) viresated with CP154,526 (an antagonist of CRHRImg&kg,

kindly donated by Pfizer Inc.USA). After exposurats were rapidly decapitated within half an haut4100 -14:30

to minimize circadian rhythm effects.

2.4.Sample collection

At E12 and E19, dams were anesthetized with intiepeeal injection of sodium pentobarbital (30 n)/lafter

SGH and sacrificed by decapitation. In the fetusies,anogenital distance was measured, the sexietasmined,

and the brain (E12) or hypothalamus (E19) was d$ragen in liquid nitrogen and stored -8G until DNA and

RNA isolation.

The offspring (P1, P7, P14, P21, and P90) waceificed by decapitation, and the pituitary wasosed, snap-

frozen in liquid nitrogen and stored -8CG until DNA and RNA isolation. The adult rats weatso sacrificed by

decapitation after exposure to hypoxia stress,thagituitary was snap-frozen in liquid nitrogerdastored -8GC,

the trunk blood were collected (in EDTA tube), paswas obtained by centrifugation and stored &G80
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Plasma corticosterone (Cayman Chemical) was egtnaith commercial ELISA kits for rats. The senaiii
of the assay was 0.40 ng/mL, and interassay andasgay coefficients of variation were 6.5% and¥¥.5

respectively. The antibody cross-reacted 100% weotticosterone and <0.5% with other steroids.

2.5. Real-time gPCR and DNA methylation analysis of the CRHR1 promoter

Total RNA was reverse-transcribed to cDNA using is@cript™ First-Strand cDNA Synthesis SuperMix
(TransGen Biotech, Beijing, China). Changes in hai@®&HR1 (NM_001145146.1) and rat CRH (NM_031019.1),
CRHR1 (NM_030999.3), were assessed using SYBR RrémiTad" (TaKaRa Biotechnology Co., Ltd., Dalian,
China). In addition, rat 18S ribosomal RNA was aifrgal for each sample as an endogenous controlttadycle
threshold was subtracted from the target threskalde. All samples and negative controls were peghan
duplicate wells of a 384-well plate and analyzedngisthe PRISM7900HT real-time PCR system (Applied
Biosystems, Foster City, CA, USA). The cycle numbethreshold (CT value) was used to calculaterétetive
amount of MRNA. The CT value of each target wasnadized by subtraction of the CT value of 18 snieris were
used in gPCR are shown in the supplementary mh(&ehle S1).

Transcription factor binding sites were predicteding the MATCH software (http://www.gene-
regulation.com/cgi-bin/pub/programs/match/bin/matgh and http://jaspar.genereg.net/, with cutssfection for
matrix to minimize the false negatives (Supplemgntég. 1 and Fig. 2 for transcription factor bindisites of
mouse and rat in the region of tRHR1 promoter). CpG island status within the promotygion of CRHR1
(NC_005109.2) and bisulfite DNA sequencing PCR (BSPmer were both analyzed using MethPrimer-Design
Primers for Methylation PCRs (http://www.urogeng/arethprimer/index1. html) (Wang et al., 2013; hdaDahiya,
2002). DNA was isolated from the E12 brain and hlyptamus of E19 embryos and pituitary in offspri@gnomic
DNA (500 ng) was bisulfite-converted using the ER/ Methylation-Gold Kif™ (Zymo Research Corp., CA,

USA) according to the manufacturer’s instructioBisulfite treatment of genomic DNA converts cytasto uracil,

7
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but leaves methylated 5’ cytosine unchanged. The BSmer pairs used for the assessment of the CREFG

islands (106 bp) were shown in the supplementangiadh (Table S1).

The BSP products were sequenced using the forwarepby Genscript Biotechnology Co. (Nanjing, CGiin

two samples for each E12 brain and pituitary waguerced. The first CpG island between -609 and bp02

functions is the major regulatory domain of CRHRAnscription activity (Wang et al., 2013), methidatof each

CpG site within the region were tested. The peagmtmethylation of each CpG site within the recaomplified

was determined by the ratio between the peak valfi€and T (C/[C+T]), and these levels were deteeah using

Chromas software 2.31.

2.6.Plasmid construction and site-directed mutagenesis

Genomic DNA was isolated from the anterior pituitaf male Sprague Dawley rats, and used as a téenfga

amplify the 5'-flanking region of the CRHR1 genenging from -2161 to +347 by using a primer set

(supplementary Table S1). Primers were designededbasn Rattus norvegicus genome data resources

(NW_047340.1, Rn10_WGA1860_4:1983790-1984316). dihelified PCR product was subcloned into pMD18-T

vector (Takara) and sequenced, The PCR fragmenisetsed again by digesting of Xhol and Hindllhdathen

subcloned into a promoter less luciferase vect@L@basic; Promega) in the sense orientation toeigea

p2161Luc. A series of truncated pGL3-basic plasnimistaining the 5'-flanking region of the rat CRHBéne (-

2161/+347, -1833/+347, -1795/+347, -1692/+347, A2847, -1248/+347, -1218/+347, -1140/+347, -838/43

687/+347 and -360/+347) were constructed in theilaimmanner. Two sets of mutants with the NB-site

positioned at -809~-800 (p838) mutation and c-J&m(@A mutation were constructed by site-directedagemnesis to

create Mutated Luc using primers (supplementaryleT&i). The full open reading frame of rat c-Junegy&vas

amplified by PCR from rat cDNA based on publishedwence (1,005 bp; NM_021835.3) by using forwarther
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(supplementary Table S1). pcDNA3.1-c-Jun was geéaeéray inserting the PCR fragment into the pcDNAZt.tor

(Invitrogen) and sequencing.

2.7.Cdll culture and transfection and Cell treatment

We established aim vitro cell culture models. AtT20[mouse pituitary tumaells AtT20, American Type
Culture Collection (ATCC) CCL-89™]cell lines wereogvn in RPMI medium 1640 (Gibco) or DMEM (Gibco),
respectively, containing 10% (vol/vol) FBS, and 100nl penicillin at 37 °C in a humidified incubaterith 5%
(vol/vol) CO,. AtT20 cells were plated into 12-well plates wapproximately 80% confluence. Two days after
plating, cells were transiently transfected withud reporter construct using the Lipofectamine 2088gent
(Invitrogen) according to the manufacturer’s instions. For cotransfection experimentsgidlreporter plasmid was
cotransfected with fuig pcDNA 3.1-c-Jun/AP-1 or the empty pcDNA 3.1 vectsll analyses were performed 24-48
h after transfection.

For primary pituitary cell (RPC) culture, the amempituitary glands from male Sprague Dawley i@tsle, 180-
200 g) were quickly removed, and then chopped littte pieces (about 1x1 mm) with a small dissegtatissor,
and dispersed by incubation with 1 mg/ml trypsiig($a, Madrid, Spain) in Hank’s balanced salt solut{Life
Technologies, Inc., Paisley, UK) at 37°C for 15 miiihe primary anterior pituitary cells were cultdiiea DMEM
containing 100 U/ml penicillin G potassium, 1 mgktieptomycin sulfate and 10% FBS. The cells weatntained
in a humidified incubator at 37 °C in 5% ¢@&nd 95% air for 7 days, and used for the follonémgeriments. 5x10
primary anterior pituitary cells were nucleofec{@tlicleofector, Amaxa Biosystems GmbH, Cologne, Gayh in
an electroporation cuvette along with nucleofeswution R and 2ig plasmids using the programme A-023. Cells
were transferred into fresh pre-warmed media wit¥ FBS and incubated for 24 h. Dual-luciferase repassays

were performed using a dual-luciferase reportemyasgstem (Promega Corp., WI, USA).
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The hypoxia treatment was performed using the Piogel P110 and ProCO2 Model P120 hypoxia systems

(BioSpherix, USA). AtT20 and RPC were moved to kiypoxia incubator in which the oxygen level was agt

indicated (1% @ hypoxia chamber with 1% 205 % CQ, and 94% ) or normoxia condition (21%£) (Zhang et

al., 2016; Zhao et al., 2013; Zhang et al., 20B3}J.20 cells were treated with CRH(10 nM, Tocris 8igence),

PDTC (10 or 10QuM), antibody (NF«B or AP-1) , or AP-1 inhibitor ( SR11302,1 or 10 puWbcris Bioscience )

for 24 h.

2.8 Electrophoretic mobility shift assays (EMSA) and Western blot

EMSAs were done to illustrate the activation of A+ NF«B in rat pituitary or cultured AtT20 cells under

hypoxia condition. The nuclear extracts from thepituitary or cultured AtT20 cells were preparefhaNE-PER

Nuclear and Cytoplasmic Extraction reagents (PidBgatechnology, USA), according to the manufactigrer

protocol. The protein concentration of the nucleatract was quantitated using the Bradford proteésay.

Oligonucleotides probe were 3’-end-biotinylated (5Mhol) encompassing the NE&B binding sequence

(supplementary Table S1). The probe with sequef€8&SAGACTCC or TGAGTCA) specifically binds N&B or

AP-1 respectively. The probes were synthesizedooypany (Takara Biotechnology Co., Ltd., Dalian, @) Non

relative antibody (NA) and non relative competithiN) for experimental control, antibody of NéB (anti-p65/p50,

sc -372, dilution 1:1000, Santa Cruz, USA), c-Juatibmdy p-c-Jun (Ser 63/73): sc-16312, dilution0DQ, Santa

Cruz, USA) were used. Western blot was performedketermine the protein level of CRHRL in tissue nowonal

antibody against CRHR1(48 KD, R&D systems), GAPD&HKD, 1:1000, Abcom) were used. Lysed samples were

centrifuged (14,000x g for 15 min) at °€, and boiled with 6 x loading buffer at 9& for 5 min. After

electrophoresis, proteins were transferred to P#i@ibrane and incubated antibodies.

2.9 Chromatin Immunoprecipitation (Chl P) Assay

10
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The chromatin immunoprecipitation (ChlP) assay magormed using ChIP kit according to the manufeeati
instructions (EZ ChIP'-Catalog # 17-371, Millipore, USA). AtT-20 cells meseeded in 60-mm dishes, after
treatment for 24 h, AtT-20 cells were fixed with 1fdrmaldehyde at room temperature for 10 minuted an
terminated with glycineThe fixed cells were harvested with ice-cold PBStaming Protease Inhibitor Cocktail 11,
and the pellet was resuspended in SDS lysis buffezn, the DNA was sheared to 200-1600-bp fragments by
sonication. Immunoprecipitation was performed uginiyn antibody (1:50, Cell Signaling) or MB-p65 antibody
(1:100, Cell Signaling) with rotation overnight4C. Protein/DNA complexes were captured in elutiofféy, and
cross-links were reversed to free DNA. After DNAdifioation, normal PCR and quantitative PCR wasgened

using CRHR1 promoter-specific primers and the bigdiites (Supplementary S Table 2 and 3).

3.0. Satistical analysis

All studies were conducted by an investigator bim&GH groups. For CRHRjene methylation in embryos and
offspring pituitary, that data were analyzed usiwg-tailed unpaired tests. For Effect of CRH, PDTC, and AP-1
on CRHR1 mRNA in vitro were analyzed by using oreeywANOVA. Post hoc comparisons after one-way
ANOVA were made using Tukey's post hoc test (GragghPrism6). All data are presented as mean +P3D.05

was considered statistically significant.

3. Results
3.1. CRHR1 expression and CRHR1 methylation in embryos brain and P1-P90 pituitary after short exposure of

gestational dams to hypoxia

To determine whether gestational short period higpakers CRHR1 promoter methylation, and thereimnges

11
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CRHR1 mRNA, CRHR1 mRNA and CRHRdromoter methylation were measured. CRHR1 mRNA @RiHR1

promoter methylation was not significantly changedthe CpG island 1 of the promoter in the E12 iorai

(Supplementary Fig. 3A and B). We next investigated effect of SGH on CRHR1 mRNA expression and

methylation of the CRHR1 gene promoter in the fafyi of postnatal male offspring who had not badrjected to

a further hypoxia test. CRHR1 mRNA levels were redlti decreased in P1, P7 and P14 offspring (Fig.1A)

however on day P21, both control and SGH animas@RHR1 mRNA levels were dramatically increased to

similar extent in each. DNA methylation levels wenarkedly reduced at sites -547,-544, -535 withm €CRHR1

CpG promoter in P1 maleg<0.05; Fig. 1B), but no significant differences nmethylation within the CRHR1

promoter CpG island 1 were found at P7, P14 or (Fj. 1B). On day P90, there was no significanfedénce

from control and SGH rats in the CRHR1 mRNA levatel CRHR1 DNA methylation levels in pituitary (Fig.

1C,D). These data indicate that there is no log&sdociation between CRHR1 mRNA and CRHR1 DNA

methylation in postnatal offspring following exposuo gestational hypoxia.

3.2. Hypoxia-induced bidirectional expression and regulation of CRHR1 mRNA in rat pituitary

Short periods of 1 h and 8 h hypoxia (SH, at algtwf 7000 m) reduced CRHR1 mRNA whereas prolonged

hypoxia (PH) of 2 d or 5 d at altitude of 5000 mh4ypoxia/day) increased CRHR1 mRNA in adult mae

pituitary (Fig. 2A, B), thus showing a spatio-temglo bidirectional (biphasic) response pattern of HFR

expression. To further explore the regulatory aaddcriptional mechanism underlying the bidirectioresponse of

CRHR1 under the similar hypoxia, SH and PH condition, #ukilt rats were treated with hypoxia and with or

without pretreatment of PDTC (a N&B inhibitor), CP154,526 (a CRHR1 antagonist), orxOglucocorticoid

hormone and suppressant of CRH), respectively (BE&D,E, and 1). The hypoxia 8 h-reduced pituit@gHR1

12



267 mRNA levels, were markedly reversed by pretreatmé@P 154,526, an antagonist of CRHR1(Fig. 2D),rmitby

268 PDTC, a inhibitor of NReB (Fig. 2C), indicative of a role for glucocorticbnegative feedback in the initial phase

269 of CRHRL1 suppression during short hypoxia. By contrast, gmgéd hypoxia (PH) for 5 or 2 days-increased

270 CRHR1 mRNA expression, was reversed by pretreatwmieBRDTC, but not by Dex, indicative of a role fdF-«xB

271  (Fig. 2E) and ruling out a role for glucocorticaidgative feedback (Fig. 21). Furthermore, CRH mR&kfiression

272  increased markedly at 2, 8, and 24 h of acute $hymoxia (SH), reaching a peak at 8 h (Fig. 2F})l aas blocked

273 by pretreatment of PDTC (Fig. 2G) or CP154,526 (Bld). This raised the possibility that both NB-and CRHR1

274  signaling may contribute to local regulation of ttapid increase in CRH mRNA expression in adultpiatitary

275 cells. However, plasma Corts levels were increakedhg acute hypoxia at 2, 8, and 24 h and in &ilependent

276  manner (Fig. 2J), indicating fast negative feedbagpression to CRHR1 gene expression by Cortaiglstiort

277 hypoxia. Moreover, EMSA test showed hypoxia inceebag65 or p50 protein binding with nuclear protaind this

278  binding could be blocked by PDTC and Mut NB-(Fig. 2K, L). Consideration of these findingsaawhole (Fig. 2)

279 reveals that hypoxia delivers bidirectional conwbICRHR1 expression, characterized by initially fagygression

280 by Corts then sustained increas€C&HR1 expression by NEB transcription.

281

282  3.3. Hypoxiaincreased CRHR1 promoter activity in primary rat pituitary cell and AtT20 cell

283

284 To address CRHR1 gene transcriptional mechanismgtiitary cells under hypoxia, the p2161Luc plagmi

285 containing the length of CRHR1 gene promoter redi@161) was constructed and transfected into psinat

286  pituitary cell (RPC) cells or AtT20 cells, and diiatiferase activity assay was performed to test @GRHR1

287  promoter activity. Hypoxia (1% £ caused a significant increase in promoter agtioftthe reporter gene in RPC

288  cells (1.5-fold;p<0.05; Fig.3A) and AtT20 cells (2.5-folg<0.05; Fig. 3B), compared with normoxia (21%) .CQAn

13



289

290
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293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

empty vector (pGL3-basic) was transfected as arobii adjust the contribution of the ligated ragidlypoxia
significantly increased r&&RHR1 gene transcription in a time-dependent manndrinvt-24 h of hypoxia exposure

(*p<0.05, **p<0.001, Fig. 3C).

3.4. HIF-1a, NF-xB, and AP-1 involvement in transcription of CRHR1 promoter during hypoxia

Bioinformatics analysis predicts that there arer fNiF«B, five Jun/AP-1, eight HIF-d binding sites, and one
HAS (HIF-1 ancillary sequence) in the 5’ flankinggion of rat CRHRDene, between -2161 and +360 (Fig. 4A).
To distinguish whether thesis-elements are responsible for hypoxia-induced CRdRoter activation and the
different roles played in transcriptional activity them, a series of deletion constructs for theHRR promoter
(from -p2161Luc to-p360Luc through deletion of transcriptional site¢ested) were generated according to the
distribution of theseis-elements. Transcriptional activity of all the coosts of CRHR1 promoter from p2161Luc
to p838Luc were increased during hypoxia (1% ®hen compared to normoxi@<0.001 and 0.05). However,
transcriptional activity of p1218Luc was dramatigahcreased compared with p2161Luc, after deletdrthe
adjacent three AP-1 binding sites (triangle) (B, "~p<0.001), while transcriptional activity of p1218Lwas
dramatically decreased relative to that of p838laliowing deletion of the adjacent HIFalbinding sites (Fig. 4B,
*p<0.001). Deletion of NReB bindings sites (square) from p838Luc resultetbss of transcriptional activity in
p687Luc $>0.05), and the shortest p360Luc failed to activéte transcription of reporter gene (Fig. 4B).
Investigations on AtT20 cellg-vitro showed that transcriptional activities of p2161] p&289Luc, and p838Luc
increased in a time-dependent manner (4-24 h) um#emoxia and hypoxia, but the rate of increase in

transcriptional activities was significantly higtauring hypoxia when compared with normoxia (Fig) 4
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3.5. AP-linvolvment in transcriptional suppression of CRHR1 gene under hypoxia and normoxia

To determine whether AP-1 exerted a positive oratieg influence on transcriptional activity of ti@rhrl
promoter p2161Luc to p1218Luc, we measured thes¢rgstional activity of p2161 Luc (the full lengtmcluding
three AP-1 sites), p1218Luc (deleted the three®flAbut all HIF-&x contained), and p838Luc (deleted three HIF-
la, but one NFReB contained) in cultured AtT20 cells under both dia (1% Q) and normoxia (21% £. We
found that deletion of the adjacent three AP-1 inigsl sites (from p2161Luc shortened to p1218Lusylted in
dramatically increased transcription, which strgrgjiggests that AP-1 exerts an inhibitory influeaneexpression.
However, deletion of the adjacent three HiF-findings sites (p1218Luc shortened to p838Lucllted in
dramatic decreases in transcription, indicativa pbsitive influence on CRHR1 transcription (Fig)5 “*p<0.001
and "p<0.001, compared under normoxia and hypoxia, rés@ée Furthermore, using cultured AtT20 cells,
CRHR1 mRNA level was measured in the presence bsehae of CRH (10 nM) or an AP-1 inhibitor (SR11,302
HUM) in the culture media under normoxia (21% @r hypoxia (1% @). CRH decreased CRHR1 mRNA levels and
this decrease was reversed by the AP-1 inhibitoleumormoxia, *$<0.01,"p<0.01 (Fig. 5B). However, 1% 0
increased CRHR1 mRNA and CRH induced a furtheriase which remained unaffected in the presendecoP-

1 inhibitor, #p<0.01,%%p<0.01 (Fig. 5B). EMSA experiments identified AP-ihding under normoxia (lane 2 and 4)
and relative increases AP-1 binding during hypdiaae 1 and 3). Mutated AP-1 resulted in loss oflABinding
(lane 5). An unlabeled probe, AP-1 competitor wasdu(Lane 6). Addition of a Jun/AP-1 antibody (lafe
eliminated AP-1 binding. An uncorrelated antibotijA( lane 8) had no such effect (Fig. 5C). Theseltsesndicate
that hypoxia induces increases of Jun/AP-1 bind@lgtive to normoxia, and that AP-1 inhibits tranmystional by
binding to the CRHR1 promoter at sites p2161-p1288 also AP-1 is responsible for CRH-induced rddustin
CRHR1mMRNA expression under normoxia. Under hypadxiayever, the inhibitory influence of AP-1 appearde

overcome by transcription activation through Hié-dnd NF«B.
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3.6.NF-«B involvement in hypoxia-activated CRHR1 promoter transcription

To determine whether or not the NB- binding site (CGGAGACTCC) positioned at p838 witlthe CRHR1
promoter is responsible for the increased CRHRInpter activity during hypoxia (1% £24 h), we assessed the
relative luciferase activity in cultured AtT20 celvith or without 10 pM PDTC. We found that hypoxiareased
transcriptional activity of p838Luc CRHR1 promotand this effect was abolished by pretreatment WRIifiI C.
Moreover mutation of p838Luc (Mut-p838) blocked thereases in transcription via the CRHR1promotaing
hypoxia £<0.01, Fig. 6A, B). Moreover, CRH (10 nM) decreasadHR1 mRNA in cultured AtT20 cells under
normoxia (21% @ (** p<0.01), and this effect was not reversed by indobawvith PDTC (NF«B inhibitor, 10uM;
"p<0.01, Fig. 6C). However, hypoxia (1%,)0alone increased CRHR1 mRNA expression when cosapém
normoxia (***p<0.001), and CRH (10 nM) + hypoxia further increh@RHR1 mMRNA expressiofi’p<0.01). This
latter effect was blocked by co-incubation of celNigh CRH (10 nM) and PDTC (NKkB inhibitor, 10 uM;
@@n<0.01, Fig. 6C), which suggests that CRH suppre€$#3R1 mRNA expression by AP-1-dependent inhibition
of transcription during normoxia and in a mannettis overcome by increased expression driven 1l and
NF-«B during hypoxia. EMSA experiments showed p65/p&filing to nuclear protein under hypoxia in AtT20
(lane 4, Fig. 6D). An excess amount (100-fold) ollabeled probe (NkB competitor) resulted in loss of hypoxia-
induced p65 binding (lane 5, Fig. 6D). Mutated ®B-also resulted in loss of hypoxia-induced p65 ligdlane 6,
Fig. 6d) and p65/p50 antibody abolished the bindiage 7, Fig. 6D), while non relative antibody (Nvxas unable
to block the p65 binding (lane 8, Fig.6D). The PDINE-«B inhibitor) also eliminated binding (lane 9, vané 4 or
vs. lane 10, normoxia). These results strongly ssgthat NR<B binding at site p838 of thérhr1 promoter plays a

key role in transcriptional activation of CRHR%pression by hypoxia.

16



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

3.7 Transcription factor Jun/AP-1 and NF-«B binds at the region of the CRHR1 promoter

Bioinformatics analysis predicts that there areltedun/AP-1 and twelve NEB binding sites in the 5’ flanking

region of mouse CRHRL1 gene, between -2700 and wfip{mentary, Fig.1)and eleven Jun/AP-1 and six MB-

binding sites in the 5’ flanking region of rat CRHgene, between -2700 and +1” (Supplementary Figh2 have

identified five Jun/AP-1 and eight NéB binding sites in the 5’ flanking region of mouS&HR1 gene by CHIP-

PCR in AtT-20 cells (Supplementary Fig. 4, origiteinds). In normoxia, CRH treatment induced aneiased

binding at the region of the CRHR1 promoter (repntative bands for AP-1 binding site 1, AP-1-1) aife«B

binding site 1, NFeB-1), the increased binding can be decreased bynthibitor of AP-1(SR11302) or NkB

(PDTC) respectively (Fig.7A, B), under hypoxia, hereased binding can be blocked by the inhibioAP-1 or

NF«B respectively. CRH induced-increased transcriptmnthe CRHR1 promoter markedly blocked after

incubation with the inhibitor of AP-1 or N&B (Fig.7C, D) in normoxia and hypoxia respectively.

4. Discussion

We have reported that hypobaric hypoxia causes ctimation of the HPA axis and stimulates the brain-

neuroendocrine-immune network systems, leading hgsiplogical dysfunction and consequent behavioral

abnormality as well as acute mountain sicknesshitlwCRH and its CRHR1 play a crucial role (Chealgt2012;

Fan et al., 2009; Fan et al., 2013; Wang et all320ang et al., 2004; Xu et al., 2006; Chen et28114; Song et al.,

2016). The pituitary is the major component of HiBA axis, delivering central neuroendocrine redatatn a

manner determined, in great part, by CRH release @GRHR1 expression at the level of the hypothalaam
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pituitary (Chen et al., 2012; Fan et al., 2009; Etal., 2013; Wang et al., 2013; Wang et al., 20Q4et al., 2006;

Chen et al., 2014; Pournajafi-Nazarloo et al., 20Atthough CRHR1 mRNA changes by hypoxia have b&ewn

in the pituitary (Wang et al., 2004) the celluladamolecular mechanisms involved have not beeneaddd. The

present study reveals that hypoxia induces aralrfist decrease of CRHR1 mRNA expression in thgtpry that

is followed by a delayed increase in expressions Thassociated with negative transcriptional carf CRHR1

promoter by CRHRL1 triggered signaling and transional factor AP-1 as well as positive transcriptibactivation

by NF«B, and HIF-Tx respectively (Fig.8).

Increasing evidence suggests that stress dlie methylation status of CRH and/or CRHR1 DNNAHe brain

and that this is associated with both changes iIHRRMRNA expression and behavioral dysfunction (gvanal.,

2013; Wang et al., 2014; Sotnikov et al., 2014ioflet al., 2010; Mueller and Bale, 2008; Jaenizot Bird, 2003;

de Kloet et al., 2005). Importantly, methylationkisown to repress gene transcription by blocking binding of

transcription factors to double-stranded DNA (Ka&dsal., 1997) Early life stress, such as postnatal maternal

separation, increases hippocampal CRH expressidnle wblockade of CRHR1 signaling ameliorates the

hippocampal synaptic dysfunction and memory defd@saccompany decreased methylation of the CRirhpter

(Wang et al., 2014). Epigenetic regulation of CRHBpression plays a critical role in trait anxietyith

bidirectional changes in its expression in the lzsmal amygdala having been noted in responsaviamental

cues and linked to increased methylation statukefCRHR1 promoter (Sotnikov et al., 2014). We hareyviously

reported that gestational hypoxia induced a deerea€RHR1 promoter methylation within CpG islamdjion in

the hypothalamus, which was associated with geb@deed anxiety-like behavior in male offspring (Weet al.,

2013). A short exposure of gestational dams to kigp(BGH) decreased the levels of DNA methylatibspecific

CpG sites (-535) within the CRHR1 promoter in tlypdthalamus of E19 embryos (Wang et al., 2013)|switiere

was increased CRHR1 protein and mRNA expressioggesting that decrease of DNA methylation of CRHR1
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seems to be associated with positive CRHR1 trgstsani in the hypothalamus of E19 embryos (Wand.efa13).

However, the methylation levels of the CRHR1 pragnain pituitary of the male offspring appear to het

associated with CRHR1 mRNA expression, becausengthylation at specific CpG sites (-547,-544, -58b}he

CRHR1 promoter was decreased in P1 male pituitadyr® change in P7, P14, and P21 male offspring (FA,B),

but CRHR1 mRNA expression was also decreased iarf@d1P14 pituitary. This non-causality may be asdedi

with a lower response pattern during the early graental period of neonatal offspring, as the hasef Corts is

lower in P2-P12 pups (Chintamaneni et al., 201B3}posure of P8 rat to hypoxia (8% inspiregf@r 4 h) resulted

in a decrease CRHR1 mRNA expression in anteriaiitpity (Bruder et al., 2008), which seems to beilainto the

SGH induced changes in our offspring (Fig.1). Ssipgly, CRHR1 mRNA expression was significantlyctEased

in P1 and P14 pituitary of all offspring exposed®@H, but was dramatically increased in pituitairy?@1 offspring

under both normoxia and hypoxia (Fig. 1A). Thislikely associated with offspring isolation from tmeother

during weaning, feeding and metabolic demands dfybdevelopment, and the new environment at P21himn

respect it is notable that reduced methylationhef CRHR1 promoter in the PVN is likely associatéthviboth

increased CRHR1 expression and anxiety-like behawd90 male offspring following exposure to gésiaal

hypoxia (Wang et al., 2013). By contrast, no sustpaiation was observed with respect to the mdibylatatus of

CRHR1 promoter in the pituitary at early periodngfonatal developing of offspring rats. This chan§€RHR1

DNA methylation in offspring pituitary seems not bssociated with the development of anxiety-likénehgor

because of maternal protective effect for fetus.

Hypoxia in tissues or cells occurs during a diveasgy of diseases, including inflammation, candisease

(Rocha, 2007; Cummins and Taylor, 2005; Seta anthdin, 2004; Bruning,2012) and acute mountain 1s&ds

(Chen et al., 2014; Song et al., 2016; Hao et28l15). Gene array analysis has revealed globalgesam the

transcriptome during hypoxia. A cohort of alterwaly regulated genes, including those for the gtacticoid

19



421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

receptor (GR) and transcription factors CREB, AMHIE-1a, NF«B, may therefore contribute to hypoxia-induced

changes in transcriptional activity and cell phgpetthat are both cell-type and cell-stage spe¢Rioccha, 2007;

Cummins and Taylor, 2005; Stem et al., 2011; Bapdgbyay et al., 1995). HIFalactivity was induced during the

early phase of hypoxia, while NéB was activated during the later phase, and systizdiehaviour of HIF and NF-

kB during hypoxic inflammation (Bruning et al., 2018akayama, 2013; Walmsley et al., 2005). In thespnt

study, we showed that exposure of the adult rafitpity to a short hypoxia induced a fast phaseupipeessed

CRHR1 mRNA expression which was switched to anease when exposed to a prolonged hypoxia, thisabiph

effect involved CRHR1 signaling and NdB- as it could be blocked by a CRHR1 antagonistam8iiF«B inhibitor,

respectively (Fig. 2). Since local CRH mRNA expresswvas simultaneously increased in the pituitasy NF«B

(Fig. 2G) and CRHR1 signaling-activated transcoiptof CRH promoter (Fig.2H), which is supportedd®dMP-

PKA activated CREB of CRH promoter (Kageyama andeS2010), thereby CRH might also be involved ia th

fast suppression of CRHR1 mRNA expression in théitpry. Activating CRH causes a positive feedbesktrol of

CRHR1 promoter activity via PKA and PKC pathwayarprimary culture of human pregnant myometrial cell

(Parham et al., 2004). This distinct effect maydoe to a tissue and cell specificity and stresseduGiven that

hypoxia-activated local changes in CRHR1 expressiod pituitary activities, an autocrine and/ or guaine

pathways, likely deliver changes @RHR1 gene transcription events through CRHR1-$iignadREB, the cyclic

AMP response element binding protein, through PK&almodulin (CaM) kinase (Mayr and Montmin, 20@hd

NF-«B action. Our proposal gains support from the fiiggdi that hypoxia induced activation of both Jun/ABAd

NF-«B in pituitary by EMSA test and CHIP-PCR.

To determine the mechanisms underpinning chang€RiHR1 gene expression by Jun/AP-1, dBs-and HIF-

1a, a series of truncated pGL3-basic plasmids thalueed the binding sites for these transcriptiottdes were

constructed and transfected into AtT20 cells, dadf ttranscriptional activity was tested. We fouhdt 1% hypoxia
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activated the transcriptional activity of CRHRtomoter (the length of p2161Luc) in AtT20 and pmn rat

pituitary cells, and that activity increased inirad-dependent manner over 24 h (Fig. 3). Besidegrénscription

activity of p2161Luc was dramatically enhanced rafite three Jun/AP-1 binding sites were deletedchvBhows

that AP-1 acts to suppress CRHR1 transcription undemoxia and hypoxia. Furthermore, when deletibithe

adjacent three HIF4dl (including HAS) binding sites dramatically reductdnscription activity in p838Luc of

CRHR1 promoter under normoxia and hypoxia (Fig. g80.001), suggesting that HIFerImediates activation of

CRHR1 transcription. Deletion of the last HIBE-Xkite alone resulted in loss of any transcriptidnhGRRHR1

promoter at p687Luc during hypoxia (Fig. 4B, p<@)Owhich is consistent with NkB acting as a positive

regulator of CRHR1 transcription. In addition, MB- mediated regulation of DNA-binding affinity in tpitary

POMC gene by CRH (Karalis et al., 2004), while itT20 cells CRH increases in AP-1-DNA (Autelitannda

Cohen, 1996). Therefore, by differential regulatafrthe activity of NF«B and AP-1, CRH may act in a classic

physiological feedback loop to exquisitely reguliseown expression and that of CRHR1 in ordergprapriately

tune the response of the HPA axis.

5. Conclusion

In summary (Fig. 8), this study revealed that hypemduced multimodal expression of rat CRHR1 géne

pituitary cells, is through local activation of CR¥y autocrine and/or paracrine mechanisms. Thisirgceia the

integration of signals carried by multiple tranption factors with Corts (via GR), and the Jun/AR¥Esenting

negative control and with HIFeland NF«xB providing positive control. Therefore, the presstudy provides a

novel insight into the molecular mechanisms of CRHRnscriptional control by hypoxia.
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Figs 1-8 and Figurelegend

Fig. 1. CRHR1 mRNA expression and promoter methylation gkarin pituitary (P1-P90) @GH-treated male rat
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offspring A CRHR1 mRNA expression in P1 and P14 pituit&yAlterations in DNA methylation of CRHR1
promoter in P1-P2pituitary. C CRHR1 mRNA expression in P90 pituitafy. Alterations in DNA methylation of

CRHR1 promoter in P9fituitary. All data are presented as meai®8D. n=8-10, p<0.05 vs. control

Fig. 2. Hypoxia induced a bidirectional regulation of CRHRIRNA expression in adult male rat pituitary, and
involvement of NF«B and CRHR1 pathwayA Short hypoxia (SH, 8.2 % 01 or 8 h) decreased CRHR1 mRNA
expression p<0.05, ***p<0.001 vs. control(Conf*p<0.001 vs. 8 hB Prolonged hypoxia (PH,10.8%,04 h/d,

2 or 5 d) increased CRHR1 mRNA expressiop<0:05, ***p<0.001 vs. Conp<0.01 vs. 2dC, D SH(8.2 % Q,

8 h)-decreased CRHR1 mRNA was not reversed by Pibd&@mentf), butreversed by CRHR1 antagonist (CP
154,526) treatmentD) *p<0.05, ***p<0.001, vs. hypoxia(-)/p<0.05, hypoxia+CP154,526 vs. hypoxia. PH
(10.8% Q, 4h/d, 5d) increased-CRHR1 mRNA was reversed by{f®reatment, **H<0.001, vs. hypoxia(-),
#15<0.001, hypoxia+PDTC vs. hypoxi& SH (8.2% Q, 8h) increased CRH mRNA expression in pituitary,
*p<0.05, **p<0.01,***p<0.001, vs. Conp<0.001, vs. hypoxia 2h and 248, H SH increased-CRH mRNA was
blocked by PDTC G), and partly blocked by CRHR1 antagonist (CP158)5#), **p<0.01, ***p<0.001, vs.
hypoxia(-) ;*p<0.05, hypoxia+PDTC, vs. hypoxid; PH (10.8% @, 4h/d, 2d ) increased-CRHR1 mRNA was not
reversed by Dex treatmedtSH enhanced plasma corticosterone levelp<®:01,***p<0.001, vs. its own control,
respectively, meah SD, n=7 in each groufK, L Hypoxia induced\F-«B binding affinity tested by EMSA in rat
pituitary. PH (10.8% @ 4h/d, 5 d) increased p65 or p50 protein expres@idg. 2 k, lane 3 vs. 2), which was
abolished by Mut NReB (Fig.2 k, lane7 vs. 6) and partly by PDTC (Figl, 2ane 3 vs. 1) (N=3-4 in each group).

(NN= Non-relative probe; NA= Non-relative antibodyompetitor=NF«B competitor; Antibody=p65/p50 antibody)

Fig. 3. Hypoxia increased rat CRHR1 promoter activity inGRBnd AtT20 cells. Cells co-transfected with 1pg
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p2161Luc (the length of CRHRAromoter) and pRL-TK plasmids and pRL-TK plasmidmpty vector pGL3-basic,
as a control) respectivelA Hypoxia (1% Q) increased transcription of the rat CRH&dne in cultured PRC cells.
B Hypoxia (1% Q) increased CRHRfranscription in AtT20 cellC Hypoxia (1% Q) time-dependently increased
Transcription of CRHRpromoter (p2161Luc) in AtT20 cell. All data are peated as meansSD. n=3-4 in each

group, *p<0.05, **p<0.001, vs. normoxia contr@1% Q) at the time point indicated.

Fig. 4. Transcriptional factors, HIFel NF«B, and AP-1 were involved in the hypoxia-inducedHER promoter
activation. A Predicted binding sites distribution of hypoxispensive cis-regulatory element in rat CRHR1
promoter region, including four NkB (rectangle), five Jun /AP-1(triangle), eight Hlk-(vertical line) binding
sites, and one HAS(circle) as indicated in the I&hKing region from -2161 to +36@ A series of deletion
(truncated reporter) constructs were generatedrdiczpto the predicted distribution of the tranptinnal factors at
CRHR1 promoter region and comparison of those trgpisonal activities of p2161Luc, p1218Luc, and6pBuc
were taken respectively. Under both hypoxia andnooia, the transcription activity of p1218Luc wagher than
that of p2161Luc and p838Luc, due to AP-1 inhihjteffect on transcription activation by HIF:1The p838Luc
showed a lower transcription. Most shortened p3@0had no transcriptional activity. All data werenguared
between normoxia and hypoxia as well as among d2i6§1p1218Luc, and p360Luc. All data are presersted
meanst SD. n=3-4 for each group, *p<0.05, **p<0.01, **p<W1, between normoxia and hypoxia, respectively,
and "p<0.001, p1218Luc vs. p2161Luc or p1218Luc vs. h888C Hypoxia (1% Q)-time course (1 to 24 h)-
dependent increase in the transcriptional actiahong p2161Luc, p1289Luc, and Luc p838Luc of CRIgRde in
AtT20 cell, ©p<0.01, ""p<0.001, for p1289Luc between normoxia and hypdxwo black line); **p<0.01,
**n<0.001, for p2161Luc between normoxia and hyjogwo red line)#p<0.01, for p838Luc between normoxia

and hypoxia (two blue line).
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Fig. 5. Transcriptional factor AP-1 was involved in hypaxeduced CRHR1 transcription. The transcriptional
activity measured in cultured AtT20 cell transfectgith p2161Luc, p1218Luc, and p838Luc respectiuahger
normoxia or hypoxiaA The transcriptional activity of p2161Luc, p1218lLand p838Luc. The data are presented
as means SD, **p<0.001, hypoxia vs. normoxid?p<0.001, p1218Luc vs. p2161Luc and p838Luc during
normoxia,” "p<0.001, p1218 vs. p2161 or p838 during hypoBiaCRH used in AtT20 cell to mimic CRH release
under normaxia or hypoxia in intact rats. CRH (1@)rinduced a decreased CRHR1 mRNA during normoxia
(21%Qy) (**p<0.0 1, CRH vs. CRH (-), and this effect was regdrby AP-1 inhibitor (SR11302, 1 uM)"6<0.01,
CRH vs. CRH+AP-1 inhibitor). 1% Lhypoxia enhanced CRHR1 mRNA (0.0 1, vs. normoxia control (CRH
(-), CRH (10 nM) could further increase hypoxiaremsed CRHR1 mRNA"0<0.01, CRH+1% Qvs. 1% Q +
CRH (-), and this could not be abolished by APibitor (¢©@p<0.01, AP-1 inhibitor vs. CRH+AP-1 inhibitor
EMSA experiments showed hypoxia increased Jun (ABxpression (lane 1 and 3, vs. normoxia lane 2 4nd
Mutation of AP-1 resulted in loss of Jun (AP-1)diimg band (lane 5). Unlabeled probe (competitoh®f1, lane 6)
markedly displaced the binding band. Jun(AP-1)baaty eliminated the binding (lane 7), but non ietantibody

(NA, lane 8) has no such effect. All data are pmé=gas meansSD. n=3-4 in each group.

Fig. 6. NF«B (binding site 838) was involved in increased s$aiption of CRHR1 gene during hypoxia. The
transcriptional activity measured in cultured AtT&€ll transfected with p838Luc or mutated p838Lrespectively
during normoixa or hypoxiaA Hypoxia (1% Q) increased transcriptions of p838Luc of CRHR1 prtanin AtT20
cell, and the effect was abolished by PDTC or neataXlF«xB, **p<0.01, vs. hypoxia(-)¥p<0.01, hypoxia vs.
PDTC+hypoxiaB Hypoxia activated transcription of p838Luc (KB-binding sites) *** p<0.001, vs. normoxia at

each time point indicated CRH (10 nM) decreased CRHR1 mRNA expression dunimgnoxia, which was not
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reversed by PDTC treatment, while under hypoxa ) CRHR1 mRNA increased, which was further increase
by CRH (10 nM), and this effect was blocked by PDif€atment, *<0.01, ***p<0.001, vs. normoxia control
(CRH(-); +4p<0.01, PDTC vs. PDTC+CRH*p<0.01, CRH vs. CRH(-)2%<0.01 CRH vs. CRH+PDTCD
EMSA was performed using nuclear extracts from ATc&lls under 1% ©Ohypoxia for 24 h. The sequences
(CGGAGACTCC) specifically bind NkB. The p65 antibody was added into the binding treacmixture with
equal amount of AP-1 antibody used as a controheLd, 2 and 3 as controls; lane 4: hypoxia inducé8
expression that was abolished by NF-kB competltané 5), Mut NF«B (Lane 6), NF<B antibody (Lane 7), partly,

non-relative antibody (NA) (Lane 8), and PDTC (I&en=3-4 in each group.

Fig. 7. Transcription factor of AP-1 and Né&B binds at the region of the CRHR1 promoter in ATll. A, B
Inhibitor of AP-1 (A) or NFxB (B) decreased or blocked the binding at the megibthe CRHR1 promoter during
normoxia (21%@) and hypoxia (1%¢). C, D Inhibitor of AP-1(C) or NR<B(D) blocked the transcription of the
CRHR1 promoter during normoxia (21%@nd hypoxia (1%¢). C, **p<0.0 1, CRH vs. CRH +inhibitor of AP-1
under normoxia’p<0.05, CRH vs. CRH+inhibitor of AP-1 under hypoxiz."p<0.0 1, CRH vs. CRH +inhibitor of
NF-«B under normoxia®p<0.05, CRH vs. CRH+inhibitor of NkB under hypoxia. DAPDH is included as an

internal control, IgG is negative control. All datee presented as meanSD, n =5 (Fig. C) and n = 8 (Fig. D).

Fig. 8. Biphasic model of transcript of CRHR1 by Corts, /&1, NF«B, and HIF-1. during short and prolonged

hypoxia in pituitary cell of adult rat.
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Highlights

®CRHR1 mRNA response to hypoxiais spatio-temporal and developing stage dependent.

®Hypoxiainduces a biphasic expression of CRHRL mRNA in adult rat pituitary.

®c-Jun/AP-1 exerts a negative control at CRHR1 promoter,-p2161 to -p1289.

® HIF-1o exerts a positive control at CRHR1 promoter,-p1218 to -p1140 and NF-xB,-p838.

®|ntegration of negative and positive input isrequired in CRHRL transcription during hypoxia.



