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ABSTRACT
Aldosterone synthadgs the keyatelimiting enzymein adrenakldosterone production
and inductionof its gene CYP11B2) resuls in the progression ohypertensionAs
hypertension Is a frequent complication among diabetes patientgt outo elucidate
the link ‘between diabetes mellitus and hypertensida examined the effects of high
glucose=enCYP11B2 expressionand aldosterone productiomsing humanadrenal
H295R cells.and a stable H295R cell line expressiagCYP11B2 5'-flanking
region/luciferase cDNA chimeric constru€-glucose but notits enantiomet_-glucose,
dose-dependently induce@YP11B2 transcription and mRNA expression A high
concentration (450 mg/dL)of D-glucose time-dependently inducedCYP11B2
transcriptionand mRNA expressionMoreover, high glucosstimulatedsecretion of
aldosterone=ito the media Transient transfection studies using deletion
mutantsSNBRE:1 point mutant of CYP11B2 5’-flanking region revealed thathe
NBRE-1 elementknown to be activated hyanscription factordNGFIB and NURRL,
was responsibléor the high glucosenediatedeffect. High glucose alsonduced the
MRNA expression of these transcription factors, espediadly of NURRZ, butNURR1

knockdown using itssiRNA did not affecthigh glucosenduced CYP11B2 mRNA
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expression. Taken together, it is speculated that high gluoageinduceCYP11B2
transcription vighe NBRE-1 element in its 5flanking region resulting in the increase
of aldosterone productioralthough high glucosenduced NURR1 is not directly
involved,in the effect Additionally, glucose metabam and calcium channelsvere
found tobe involved in thehigh glucose effectOur observatios suggesbne possible

explanatiorfor. the high incidenceof hypertension imiabetic patients

KeywordsisAldosterone synthase, NURR1, Hypertensiomkates mellitus

Abbreviations:" NURR1, Nur-related factor 1;NGFIB, nerve growth factemduced
clone B NBRE, NGFIB response elementSF1, steroidogenic factet; CREB,
CAMP-response element binding prote®REM, cAMP- response element modulgtor
COUPRTE;, chicken ovalbumin upstream promoter transcription facddiF, activating
transforming. factgr ARB, angiotensin Il receptor blockerCCB, calcium channel

blocker.

Running heading: Effects of high glucose o@YP11B2 expression

1. Introduction

The number of patients with diabetes mellitus is increasing every yeaB82nd

million peoplein the worldwere estimated to be affected in 2013.[Among diabetic

patients, hypertension is one of the most frequently observed complications. In Japan,
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the incidence ohypertensionn diabetic patients is approximately 60%, whiclwigce
that in nondiabetic peopled]. The etiology of hypertensiomidiabetic patients is
partially“explained by the effect of hyperinsulinemia on renal proximal tubulesodue
insulin resistanced]. Additionally, endothelial dysfunction and atherosclerosis induced
by diabetes mellitus may also contribute to the progmessf hypertension 4].
Howevery the, direct involvement of high glucose the etiology of hypertension in
diabetic patients still remains uncertain

Thereninangiotensiraldosterone systefRAAS) is known asthe main humoral

pathway involved in the etiology of hypertension, atltbsteronethe final product of

the pathway,“plays an important role in the progression of hypertension and vascular

damages in combination with sodiuf]. Aldosteror is synthesizedn the zona
glomerulesa othe adrenal cortekrom cholesterokcatalyzedvia side chaincleavage
enzyme=, CYP11Al), 3B-hydroxysteroid dehydrogenase(33-HSD), steroid
21-hydroxylase(CYP21), and aldosterone synthase (CYP11B2yhich is the key
ratelimiting enzyme in aldosterongroduction [6] Aldosterone synthaseyene
(CYP11B2) expressions mainly regulated byangiotensinll (All) and potassium via
transcriptionsfactors includindNURR1 [7]. Recently, genetic analyses BICNJ5,
ATP1A1, ATP2B3, and CACNA1D have revealed that chronic overexpression of
CYP11B2-inducesnot onlyaldosterone hypersecretibat alsotheformation of pimary
aldosteronism [8] resulting in theprogression of severe hypertensidvioreover
aberrant WINT signaling caused by mutation€CIFINNB1 has also been recognizéal
be involvedsinthe formation of primary aldosteronisn®]. In order toinvestigatethe
direct link betweenrhypertension andiabetes mellitus, we heexaminedhe effecs of

high glucose orCYP11B2 expression and aldosterone secretigsing human adrenal
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H295R cells.

2. M aterials and methods

2.1. Reagents

D-glucese was purchased froako (Osaka, JapanpndL-glucose used for the
adjustment_ of osmolality was purchased from SigmgSt. Louis, MO).
2-deaxy-D-glucose, Desbitol, D-fructose and3-O-methyl-D-glucosevere purchased
from Sigma. Olmesartan (lmnesartan medoxomil) was purchased from Toronto
Research_ChemicalgNorth York, Canada) Losartan (losartan potassium was
purchased..fromLKT Laboratories (St. Paul, MN)Valsartan was purchased from
Cayman Chemica{Ann Arbor, MI). Candesartan rityl candesartan ciletexifilwas
purchased=fromSequoia Research Produc{®angbourne UK). Nifedipine and
efonidipine (efonidipine hydrochloride monoethanolateere purchased from Sigma.
Amlodipineswas purchased fromCayman Chemical Benidipine (benidipine
hydrochloride)was kindly provided byKyowa Hakko Kirin PharmgTokyo, Japah

HumanAll was purchased frorSigma.
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2.2. Plasmids

Subecloned chimeric constructs containing the hui@aR11B2 genomic DNA and
luciferase. cDNA (pGL3asic, Promega, Madison, W[y, 10] were used for the
transient transfection studied€:521/+2tuc (harboring theCYP11B2 5’-flanking region
from -1521 te,+2 relative to the transcription start site upstream of the luciferase cDNA
in pGL3-Basic), -747/+24uc; -135/+21uc; -106/+24uc; -65/+2{uc. The NBRE-1
mutant “eonstructof -1521/+2-luc (NBRE-1 mut) was also used[11]. In some
experiments,a previously describedstable H295R cell line expressingCYP11B2
promoter(-1521/+2hiciferase chimeric reporter constr€tyP11B2-H295R cell$ was
used[7]. p-galactosidase control plasmid in pCMV (pCA8\gal) was purchased from

Clontech,(Palo Alto, CA).

2.3. Cél culture

H295R cellsor CYP11B2-H295R cellswere grown witha 1:1 mixture of DMEM
and Ham's«F12 medium supplemented with 10% fetal bovine serum (FBS),
Insulin-TransferrinSeleniumG Supplements (InvitrogerCarlsbad, CA), 1.25 mg/mL
BSA (Sigma)y 5.35 pg/mL linoleic acid (Sigma), 100 U/mL penicillin, 100 pg/mL
streppmycin. Cells were cultured in a humidified incubator at 37°C with 5%.CO
Since the_Dglucose concentration in the medias approximately 100 mg/dL, we
added eitherconcentrated ucose or LEglucose solution toadjust the final
concentrationFor examplethe 450 mg/dL Dglucose concentratiowas composecf

100 mg/dL Dglucosefrom the media and 350 mg/dL-Glucosefrom the concentrated
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144  D-glucose solution, and itssmolalityadjusted controlvas composed of 100 mg/dL
145  D-glucosefrom the media and 350 mg/dL-glucosefrom the @ncentrated L-glucose
146  solution.In some experiment-deoxy-D-glucose, 3-O-methyl-D-glucose, D-sorbitol,
147  or D-fructose was usedinstead of Lglucose. MoreoverCYP11B2-H295R cellswere

148 incubatedeither with angiotensin Il receptor blockerARBs) or calcium channel
149  blockes(CCBs)in the presence of 450 mg/dL D-glucose.

150

151 2.4. RNA/Preparation and quantitative real-time PCR

152

153 When"H295R cells were grown ®0% confluencen 24-multiwell plates, they
154  were exposed teeveral concentrations of-flucose orD-glucose plud_-glucosefor

155 theindicated.times, antheir total RNA was extractedsing Sepasdi-RNA | SuperG

156  (NacalailesqueKyoto, Japah according tothe manufacturer’s instructionsrotal

157 RNAs'Wwere. subjected to reverse transcription (RT) reaction using PrimeScript Reverse
158  Transcriptase (Takara Bidhtsu, Japan) with random 6mer and oligo dT primers
159  according.to the manufacturer’s instructions. Thereatfterpbtained templates were
160  used forquantitative redilme PCR (95 °C, 3 min for 1 cycle; 95 °C, 15 sec; 60 °C, 10
161  sec; 72°C, 20 sec for 40 cyclegjtherwith iQ Supermix(Bio-Rad, Hercules, CAffor

162  CYP11B2-€YP11B1, HSD3B2, andCYP17) or THUNDERBIRD® SYBR® qPCR Mix

163 (TOYOBO, Osaka Japai (for others)by DNA Engine thermal cycler attached to
164 Chromo4_detector (BiRad). The sequence of the pimers andTagMan probs are

165  shownin Table 1.

166

167  2.5. Transient transfection and luciferase assay
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191

H295R cellswvere platedo 60% confluencen 24-multiwell plates Thereafter, they
were transiently transfected with 200 ng luciferase reporter plasmids and 100 ng
pCMV-B-gal_using Lipofectamin€ 2000 Transfection Reagerftife Technologies
Carlsbad CA) for 24 hours. The cells were then expose®tglucose or kglucose for
the indicatedytimeand concentrationg heywere thereaftewashed with PBS, and the
cell extracts were prepared using Glo Lysis Buffer (Promega). Luciferase activity was
measured’ using Briglilo reagents (Promega), and [p-galactosidase activity was
simultaneously measured. Data were normalizethéf-galactosidase activéts When
the stableCYP11B2-H295R cells[7] were used only the luciferase activity was

measured

2.6. Small.interfering RNA transfection

Small interfering RNA (siRNA) forNURR1 (s978% [12] was obtained from
Thermo FEisheiScientific (Waltham MA), and negative control sSiRNASIO3650318
was obtained fromQiagen (Hilden, Germany)H295R cells were plated to 60%
confluence inl2-multiwell plates. Thereafter, they wetr@nsiently transfected with0
pmol of -each'siRNA by electroporationusing Nucleofector 4D" (Lonza, Base]

Switzerland as previously described3].

2.7. Measurement of aldosterone/cortisol concentration

H295R cells were plated to 60% confluence imadtiwell plates. Thereafter, they
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were exposed to either 100 mg/dd-glucose,450 mg/dL D-glucose 100 mg/dL
D-glucoseplus 100 nmol/L All (for aldosterone), or 450 mg/dR-glucoseplus 100
nmol/L All (for aldosteronefor 72 hours.The ddosteroneand cortisolconcentrations
of the media‘were thereafter measured by Aldosterone ElAandtCortisol EIA Kit

(Cayman Chemicalyespectivelyafter theirextractionwith dichloromethaneccording
to the manufacturer's instructionBhe obtained data were normalized thg protein

concentrations measured by Protein Assay Kit({Baal).

2.8. Satistical analyses

All data are presented as mean = SHMr the fatistical analysesANOVA

followed\by. post hoc Tukey testas performed.P<0.05 was considered statistically

significant.

3. Resaults

3.1. Effects,of high glucose on CYP11B2 expression and aldosterone

secretion
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We firstexamined the effects diigh glucose ol€YP11B2 mRNA expressiorusing
H295R cells As shown in Fig. 1AD-glucoselevels above 270 mg/dL significantly
inducedCYP11B2 mRNA expressionTime course experimenin the presence of 450
mg/dL D-glucose demonstrated that high glucose ind@ée11B2 mRNA expression
after 48 hourgFig. 1B) We nextexamined the effeadvf high glucose orCYP11B2
transcriptiongusingstable CYP11B2-H295R cells [7], and also observed similar
stimulatory effectsin both thedose responséFig. 1C) andtime course (Figl1D)
experiments\We also examined the effect of high gluc§¢$b0 mg/dL Dglucose) on
the mRNA expression of othemzyme#fproteininvolved in adrenal steroidogenesis
shown inFig=2, high glucose treatmesignificantly induced thenRNA expression of
11B-hydroxylase geneQYP11B1) (A) andsteroidogenic acute regulatory protgjene
(XAR) (E) after 48 hours incubation, whileigh glucose treatment significantly
decreased, that cTYP11Al (D) after 24 hours incubatiorHigh glucose treatment did
not affectthemRNA expression 083-HSD gene HSD3B2) (B) andCYP21 (C), while
it tended to decrease,dthough not significay, the expression of
17a-hydroxylase/17,20 lyasgene CYP17) (F). We then examined the effect of high
glucose en.aldosterorsecretionfrom H295R cells. As shown iRig. 3A, incubation of
the cells in the presence of 450 mg/ditgdcose for 72 hours significantly induced
aldosterone=secretion into the media, whighs comparable tahe All-induced
aldosterone secretiomncubation with 450 mg/dL Blucose plusAll did not further
increasetheraldosterone secretiofFig. 3A). It can be concludethat high glucose
induces CYP11B2 transcriptionand mRNA expression resulting in thecrease of
aldosterone secretiom contrast, although high glucose indu¢ced mRNA expression

of CYP11B1 (Fig. 2A), it did not induce cortisol secretion into the media (BB)
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probably dieto thedecreamg trend of CYP17 mRNA expression (Fig. JF

3.2. ldentification of the element(s) responsible for the high

glucose-induced CYP11B2transactivation

In orderyto identify the element(s) responsible fbe high glucoséenduced
CYP11B2 transactivaion, we examinedthe effects ofhigh glucoseon the promoter
activity ‘of CYP11B2 5’-flanking region deletion mutantsy compamg the effects
betweenD-glucose 450 mg/dL) and tglucose (100 mg/dL &ylucose and 350 mg/dL
L-glucose)using H295R cellsAs shown in Fig.4A, dthough high glucosenduced
CYP11B2 transctivation was significanty observed in-1521/+2-lu¢ it was not
observed, in747/+24uc, -135/+2luc, -106/+2-luc, or -65/+2-lucThese data indicate
that thewregion betweed521 and -74ay be responsible for the high glucose effect.
SinceNBRE-1 element[11], which is known to bdransactivated byNURR1 and
NGFIB [11, 14], is locatedwithin the region {766/-759, we next examined the effect
of high glucose on the elemeris shown in Fig.4B, point mutation ofNBRE-1
elementtBRE-1 mu) completely abolished the high glucose effecthese data
indicate. that the element responsible fothe high glucosénduced CYP11B2

transactivaion'may possibly be thEBRE-1 element.

3.3. Effects”of high glucose on the expression of transcription factors

involved illCYP11B2transcription

We next examined the effects of high glucose on the mRNA expression of
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transcription factorshatare known toregulateCYP11B2 promoter [14Jusing H295R
cells As shown in Fig.5A, D-glucose (450 mg/dL), but not control (100 mg/dL
D-glucose) or L-glucose 100 mg/dL Dglucose and 350 mg/dL -glucose,
significantly induced the expression of NURRIRNA. D-glucose also inducethe
MRNA expression of NGFIB (FighB), but not that o5F1 (Fig.5C), CREB (Fig.5D),
CREM (Fig."5F), COURTF (Fig. 5F), ATF-1 (Fig. 5G), orATF-2 (Fig. 5H) Since
NURRL1 is known to bind toNBRE-1 and activateit [11], it is indicatedthat high
glucose-inducedNURR1 may transactivat€YP11B2 expressionvia the NBRE1L

element.

3.4. Effects of NURRL siRNA on the high glucose-induced CYP11B2mRNA

expression

In~order.to examine thénvolvementof NURR1 in thehigh glucosanduced
CYP11B2 mRNA expressionwe nexttransfecteceitherthe control orNURR1 siRNA
into H295R . cells, and thereafter treated the cells wB0 mg/dL D-glucose for 48
hours.Assshown in Fig6A, NURR1 mRNA expression was significantly decreased by
the transfection dNURR1 siRNAas compared to that obntrol siRNAin the presence
of either-100.'mg/dL Dglucoseor 450 mg/dL DBglucose suggesting theefficient
knockdown of endogenous NURR1 mRNAowever NURR1 knockdown by its
siRNA transfectiordid not affecthe high glucosénducedCYP11B2 mRNA expression
in compariserto control siRNA transfectior{fFig. 6B). These data indicatihat other
NR4A family membersor other transcription factorsmay beinvolved in the high

glucose-induce@€YP11B2 mRNA expressionia theNBRE-1 element
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3.5. Effects of 2-deoxy-D-glucose, 3-O-methyl-D-glucose, D-sorbitol, and
D-fructose on CYP11B2mRNA expression

We .next examined the involvement of glucose metabolism orthe high
glucose-induecedCYP11B2 expression.When we treatedH295R cells with either
2-deoxy-D-glucosewhich could be phosphorylatedbut could not bemetabolized
further [25, 16], or 3-O-methyl-D-glucosehich could not bephosphorylated [16fhe
induction of CYP11B2 mRNA expressionvas notobserved (Fig. 7)These datauggest
that D-glucosametabolizationmay bemore necessaryor the inductionthan glucose
6-phosphate. Moreovemcubation withD-sorbitol or D-fructose both of which are
D-glucose metabolitesvia the polyol pathway[17], did not affect CYP11B2 mRNA

expression (Fig. 7ipdicating thathe pathwaynaynot be involved in the induction.

3.6. Effects of ARBs and CCBs on the high glucose-induced CYP11B2

transcription

We next examined the effects ARBs and CCBs on the high gluceseluced
CYPL1B2:transcription As shown in Fig8A, each ARB at Jumol/L did not affect the
high glucoseeffect In contrast,each CBB dose-dependently inhibitethe high
glucose-inducedCYP11B2 transactivation(Fig. 8B). L is thereforesuggeted that

calcium channels, but nall type 1 receptqgrare involved in the higblucose effect.
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4. Discussion

In the"present studye first demonstrated thetimulatoryeffect of high glucose on
CYP11B2 transcriptionandmRNA expressioras well asaldosterone secretion human
adrenal‘eellgFig. 1, Fig. 3). The high glucoséenducedCYP11B2 mRNA expression
was not, observed when we used glucose asalagrdeoxy-D-glucose and
3-O-methyl-D-glucose [15, 1§Fig. 7), suggesting that is necessary fob-glucose to
be metabolized within the celfer the stimulatoryeffect Since we also observethe
high glucosenducedSIAR mRNA expression (Fig. 2Ejncreased3AR and CYP11B2
may coordinately inducealdosterone production. Aldosteron@ot only induces
hypertension and vascular damage in combination sathum([5], butis alsoknown to
inhibit=glucose-induced insulisecretionin pancreaticB-cells [18] as well as insulin
signalingin peripheral tissuefd 9, 20]. Theefore, thehigh glucosenduced aldosterone
may induee “a vicious cyclé in terms of the exacerbation of glucose
intolerancediabetes mellitusAlthough theplasmaaldosterone&oncentration in idbetic
patients ha longbeencontroversiglit has recently beeconfirmedto be significantly

higher than that of normal subjedtg fixing sodium/potassium intake atite time for
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336  drawing blood samples[21]. Therefore, based onour present observatigonhigh
337  glucose-inducedaldosterone productiomay possibly contribute to the increade
338 plasmaaldosterondevelin diabetic patients

339 Transient transfection experiments usi@YP11B2 5’-flanking region deletion
340 mutantsandNBRE-1 pointmutant revealed that the NBRIEelementwhich is known
341 to be activated byNURRYNGFIB binding [L1, 14, was responsible for thaigh
342  glucose-inducedCYP11B2 transactivation(Fig. 4). Additionally, high glucosewas
343 demonstrated to indudee mMRNA expression oNURRL1 significantly comparedwith
344 that of NGFIB (Fig. 5). However, sinceNURR1 knockdowndid not affectthe high
345  glucosesinduceYP11B2 mRNA expressiorf{Fig. 6), othemNR4A family membersr
346  other transcription factorsmay bind to and activateNBRE-1 elementto induce
347  CYPL1B2, transactivation In human adrenocorticaheoplasms CYP11B2 mRNA
348  expressiersignificanty and positivelycorrelaed with NURR1 mRNA expression, but
349 not with NGEIB mRNA expression22]. Since H295R cells are also derived from
350 human adrenocorticarcinomaijt is plausiblethat NURRlalsoplays anindispensable
351 role in CYP11B2 transctivation in the cells. Interestingly, high glucose was
352 demonstrated to suppreSE-1 mRNA expressionalthough not significantlyFig. 5C).
353 Since SFl1 is known to suppresCYP11B2 transcription 23, 24], the high
354 glucosemediatedSF1 decreasemay alsocontribute tothe induction ofCYP11B2
355  transactivations The mechanisms by which high glucose induce NURR1 mRNA
356  expressionsremain uncertaiAll and potassium aréwo major factorsthat regulate
357  CYPl11BZ2transcription 14, 25] All is known to bind tAll type 1 receptoandactivate
358 phospholipase Qo increaseinositol 1,4,5trisphosphate (18, and IP3; induces the

359 release of intracellular calciufrom the endoplasmic reticula, while potassiuntauses
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383

depolarization of the membraralowing extracellular cytoplasmic calcium influx
through the Tand L-type calcium channel§l4, 25].In both cases, increased calcium
leads to the activation of calcium/calmodulirdependent kinase, resulting in the
induction, of NURR1 mRNA expression[14, 25]. When we treated thestable
CYP11B2-H295R cells with several ARBs, the high glucosmduced CYP11B2
transctivationwas not affectedHig. 8A). In contrastwhen wetreatedthe cellswith
several CCBs, they, especially bemiipine that blocks bothT- and L-type calcium
channels«[2h dosedependently inhibited the high gluceseluced CYP11B2
transctivation (Fig. 8B). These data indicate that high glucose may affect at least
pathway(s)mediated via T- and/or L-typecalcium channe|sbut not pathway(s)
mediatedvia All type 1receptor Interestingly we have recently observedethigh
glucose-inducedmRNA expressionof T-type calcium channel suburst (CaV3.1,
CaV3.2=andCaV3.3) [27], which may also be involved in the high glucose effect
Further studies are needed to clarify fitrecisemolecular mechanismef the high
glucose-induce@YP11B2 transactivation

In summary, we here demonstrated high glugéodaced CYP11B2 transcription
andmRNAexpression &well asaldosterone secretiona NURR1induction.Since our
observation providea novel insightn the etiology of hypertension diabetic patients
it may-alselead tonoveltherapeutis, such as an inhibitor &YP11B2 transcriptionfor

diabetic patients complicated with hypertension.
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Figurelegends

Fig. 1. Effeets of high glucosen CYP11B2 transcriptionand mRNA expression(A)
Doseresponseeffects of high glucose o€YP11B2 mRNA expressionH295R cells
were incubated either with 100 mg/dL D-glucose, 100 mg/dL D-glucose plus 350 mg/dL

L-glucose, 180 mg/dL Bylucose plus 270 mg/dL-glucose 270 mg/dL Dglucose plus

This article is protected by copyright. All rights reserved



504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

180 mg/dL L-glucose, 350 mg/dL Dglucose plus 100 mg/dL-glucose, or 450 mg/dL
D-glucose for 48 hourdata represent mean + SEM (n = 4), percent@ mg/dL
D-glucose(control) normalized by B-actin mRNA levels(B) Time-course effects of
high glueose/orCYP11B2 mRNA expressionH295R cells were incubated with 450
mg/dL D-glucose forthe indicated timedata represent mean = SEM (n = 4), percent
of O hour(control) normalized by B-actin mRNA levels(C) Doseregonse effects of
high glucose orCYP11B2 transcription CYP11B2-H295R cellswere incubated with
several ‘cancentrations oflucose as in (A) for 48 hourBata represent mean £+ SEM
(n = 4), percent of 100 mg/dL-Blucose (control)(D) Time-course effects of high
glucosesonCYP11B2 transcription.CYP11B2-H295R cellswere incubated with 450
mg/dL D-glucose for the indicated timeBata represent mean £ SEM (n = 4), percent

of 0 hour,(control). (A-D) *P < 0.01, vs. control. *P < 0.05, vs. control.

Fig. 2 Effects of high glucose omRNA expressiorof enzymes/protein involved in
adrenal_steroidogenesiBffects of high glucose o€YP11B1 mRNA expressionA),
HSD3B2 mRNA expression(B), CYP21 mRNA expression(C), CYP11A1 mRNA
expressiofR), SAR mMRNA expressiorfE), andCYP17 mRNA expressiorfF). H295R
cells were incubated with 450 mg/dL-glucose for the indicated timelSata represent
mean= SEM:(n = 4), percent 6fhour (control) normalized by B-actin mRNA levels.

(A, D, E)* P<0.01, vs. control. *P < 0.05, vs. control.

Fig. 3. Effects,of high glucose oaldosterone@nd cortisokecretion(A) Effects of high
glucose antbr All on aldosterone secretion. H295R cellsre incubatedvith either

100 mg/dLD-glucose 450 mg/dLD-glucose 100 mg/dLD-glucoseplus 100 nmol/L
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528  All, or 450 mg/dLD-glucoseplus 100 nmol/L All for 72 hourdata represent mean +
529 SEM (n = 4), percent of 100 mg/dL-@lucose (control), normalized bine protein
530 concentrations. (BEffects of ligh glucose on cortisol secretion. H295R cellere
531  incubated witleither100 mg/dLD-glucose o®50 mg/dL Dglucose for 72 hour®ata
532  represent mean £ SEM (n4), percent of 100 mg/dL flucose (control), normalized
533 by the pretein concentrations. AngAltl . (A) ** P < 0.05, vs. control.

534

535 Fig. 4. Effects of 5'-flanking regionmutants on the high glucoseduced CYP11B2
536  transactivation (A) Effects of CYP11B2 5'-flanking region deletion mutants. Either
537  -1521/+2Wec;-747/+2-luc, -135/+2-luc -106+2-luc, -65/+2luc, or pGL3Basic
538  (control plasmid) was transiently transfected with pGpAgal into H295R cells, and
539  the cells,wera@ncubatedeither with450 mg/dL Dglucose (Bglucose D-glu) or 100
540 mg/dL"D-glucose plus 350 mg/dL-glucose (Lglucose L-glu) for 48 hours.Data
541 represent.mean + SEM (n = 4), percent aointrol (-glucose) normalized by
542  B-galactosidase activwis (B) Effects of NBRE-1 point mutant.Either -1521/+2}uc,
543 NBRE-1 _mut, or pGL3Basic (control plasmid) was transiently transfected with
544 pCMV-B-galsinto H295R cells, and the cells wareubated either with 450 mg/dL
545 D-glucose (Bglucose D-glu) or 100 mg/dL DBglucose plus 350 mg/dL -glucose
546  (L-glueosel=glu) for 48 hoursData represent mean = SEM (n = 4), percertooitrol
547  (L-glucose)pnormalized by B-galactosidase actiwgs. (A, B)* P < 0.01, vs. control.

548

549  Fig. 5. Effects, of high glucose omRNA expressiorf transcription factors=ffects of
550  high glucose on NURR1 mRN&xpressionA), NGFIB mRNA expressionB), SF1

5561  mMRNA expression(C), CREB mRNAexpressionD), CREM mRNA expressionE),
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552 COURTF mRNA expression(F), ATF-1 mRNA expression(G), andATF-2 mRNA
553  expressior(H). H295R cel$ were incubated either with 100 mg/digiicose (control),
554 100 mg/dL Dglucose plus 350 mg/dL-glucose (lglu), or 450 mg/dL Bglucose
555 (D-glu) for 48 hours.Data represent mean = SEM (n = 4), percentt@ mg/dL
556  D-glucose (control)normalized bythe g-actin mRNA levels(A) * P < 0.01, vs. control.
557 (B) * P=<0.05, vs. control.

558

559 Fig. 6. Effects of NURR1 siRNA. Effects of NURR1 siRNAn NURR1 mRNA
560 expression (A) andCYP11B2 mRNA expressionB). H295R cells transfected either
561  with control'SiRNA (ctrl)or NURR1 siRNA (si NURR1yvere incubated with either 100
562 mg/dL D-glucoseor 450 mg/dL Dglucose for 48 hoursin some experiments,
563  untransfectedd295R cells were incubated with 100 mg/dl-gihcose for 48 hours
564 (basg. Data represent mean + SEM (nl%), percent of 100 mg/dL {@lucose (base)
565 normalized byGAPDH mMRNA levels.(A, B) * P < 0.01. **P < 0.05.

566

567 Fig. 7. Effects of 2-deoxy-D-glucose, 3-O-methyl-D-glucose, sbrbitol, and
568  D-fructoseonCYP11B2 mRNA expressionH295R cells were incubated either wiibO
569 ~mg/dL D-glucose plus 350 mg/dL -glucose, 450 mg/dL Dglucose, 100 mg/dL
570  D-glucesesplus 350 mg/dR-deoxy-D-glucosel00 mg/dL Dglucose plus350 mg/dL
571  3-O-methyl-D:glucosel00 mg/dL Dglucose plug50 mg/dLD-sorbitol,or 100 mg/dL
572  D-glucose plus 350 mg/dD-fructosefor 72 hoursData represent mean £ SEM (n = 4),
573  percent of 200 mg/dL flucoseplus 350 mg/dL Lglucose normalized by the B-actin
574 mRNA levels.* P < 0.01, vs. 100 mg/dL Bglucoseplus 350 mg/dLL-glucose ** P <

575  0.01, vs. 450 mg/dL D-glucose.
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Fig. 8. Effects of ARBs (A) and CCBs(B) on thehigh glucosanduced CYP11B2
transctivation In (A), CYP11B2-H295R cellswere incubateckither with 100 mg/dL
D-glucose_(control), 45 mg/dL Dglucose (D-glu), 4% mg/dL Dglucoseplus 1
umol/L losartan (Bglu + Los) 450 mg/dL D-glucoseplus 1umol/L valsartan (Bglu +
Val), 450#mgi/dL D-glucoseplus 1umol/L omesartan(D-glu + Olm), or 450 mg/dL
D-glucoseplus 1umol/L candesartan (Iglu + Can)for 48 hours.Data represent mean
+ SEM (n=3); percent otontrol. *P < 0.01, vs. control. In (BCYP11B2-H295R cells
were incubated either with 100 mg/dL-glucose, 450 mg/dL fylucose, 48 mg/dL
D-glucoseplus 0.01 umol/L amlodipine, 450 mg/dLD-glucose plus 0.1 umol/L
amlodipine, 450 mg/dL Bylucoseplus 1 umol/L amlodipine,450 mg/dL Dglucose
plus 0.0Lumal/L benidipine,450 mg/dL Dglucoseplus 0.1umol/L benidipine, 46
mg/dL D-glucoseplus 1 umol/L benidipine,450 mg/dL Dglucoseplus 0.01umol/L
efonidipine,;;450 mg/dL Bylucoseplus 0.1umol/L efonidipine, 450 mg/dL Blucose
plus 1 umol/L efonidipine,450 mg/dL Dglucoseplus 0.01umol/L nifedipine, 49
mg/dL D-glucoseplus 01 umol/L nifedipineor 450 mg/dL D-glucoseplus 1 umol/L
nifedipinefor’96 hours.Data represent mean + SEM (n = 4), percent@ mg/dL
D-glucose. *P < 0.01, vs.100 mg/dL Dglucose. **P < 0.(5, vs. 4® mg/dL Dglucose.

*** P < 0:045vs. 450 mg/dL D-glucose.
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Fig. 4.
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Fig. 6.
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Fig. 7.
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Fig. 8.
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