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Differential Effects of Angiotensin II on the Secretion and mRNA Expression of
Leptin in Mouse Cultured Brown and White Adipocytes
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Department of Medicine, Institute of Clinical Endocrinology (Director: Prof. Kazue TAKANO) and
*Department of Pharmacology (Director: Prof. Takamura MURAKI),
Tokyo Women's Medical University, School of Medicine

Although it has been implied that the renin/angiotensin system is deeply involved in the regula-
tion of adipocyte function, the details of the role of the system remain to be elucidated. In the present
study, we investigated the effects of angiotensin II (AngII) on leptin secretion and leptin mRNA ex-
pression in the adipocytes of brown adipose tissues (BAT) and white adipose tissues (WAT) of mice.
Mature adipocytes were prepared by collagenase treatment and culture in DMEM containing 10%
fetal bovine serum and 4 nM insulin. Cultured adipocytes were incubated in the medium containing
AngII (107°~10""M), the AT1-selective antagonist Losartan (10"*~10 M), or the AT2-selective an-
tagonist PD 123319 (10"°~10"*M) alone, or a combination of Ang II and antagonist. After incubation
for 24 hr, the leptin concentration in the medium was determined by radioimmunoassay. Leptin
mRNA expression in the cells was determined by RT-PCR. Ang II increased and decreased leptin se-
cretion by BAT and WAT, respectively, in a dose-dependent manner. Ang II did not affect leptin
mRNA expression in BAT, but it significantly decreased leptin mRNA expression in WAT. The ef-
fect of Ang IT on leptin secretion by BAT was significantly suppressed by PD123319 and the effect of
Ang IT on leptin secretion and leptin mRNA expression in WAT was suppressed by Losartan. These
results suggested that Ang II is involved in the regulation of adipose tissue function through its ef-
fects on leptin synthesis and/or secretion. In addition, since the effects in BAT and WAT were medi-
ated through different Ang II receptor subtypes, AT2 in BAT and AT1 in WAT, it is suggested that
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the receptor subtype is of great biological significance in the action of Ang II on adipocytes as well as

on the cardiovascular system.
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Z HNTE R HE 2« o A B E % &
ETAHIERPELNIIINTHAS?, JRIZ, 7V
kT o=y, vy, TyIVF TV
WS, Angll, TORBHLZHERRE, L=
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BIZHRE, BRI EHRTER» S0
Za—uXxRTF Y SWEEHIL, BE, fEL
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MaRhiifk %, RUSEJE 2 & B @B % $RI
L, Rehnmark ® 5 #FE2I2HE U TK 4 2 5 IR
Moz Bk, 8L $4bb, MLz
02% type 2 2 5 7 F — ¥ & A HEPES #% & W
(pH 7.4) T 5 53-8 I L 235 37C, 30 oA
Y¥Fax—bL7& BT, REHEMSZ 250 pm
DF A YAy Y aThER, MIBRERZHHE
LR ME & IR 2 2k Lz, ME - &
W% &S 5 IR 2 BRI L, 2,400 rpm T 10
STl LA 2 55 20U E L 72, R B
fJaige =+ 7L — b2 HAWTI0% 7Y
JEAFITE, 4nM A > 2 ¥, 25ug/mlNa 7 A 2
V¥ B, 10mM HEPES, 4emM 7 Vv% X, 50
IU/mlR=3Y ¥, 50ug/ml A LT <A ¥
&4 Dulbecco’s Modified Eagle’s Medium
(DMEM; Sigma Chemical Co. Ltd., St. Louis,
MO) H, 5% CO, #B&A T CTHEL /.

2, RIS, S DL T F 2 ibDMKEt

¥ 10 H B OBREEMR O 1iE %2 #iE % 0.1
%y VIMET VT I VEHR DMEM ICEE L,
AngIT (<7 F FBEZERT, KB ; 107°~107"M),
ATI SR PUEE Losartan (85 A 8138, W,
107°~10""M) & % W\ 13 AT2 % H AR HE PL 3 PD
123319 (Warner-Lambert-Park, Davis, Ann Ar-
bor, ML 107°~10""M) % B/ d % \» X Ang I
EINSEREL ZMAS DY THEERICEM
L, BIZ 24 BE A » F 2 X— M, @O TLHFZ
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3. RT-PCRICELBVYI AL TF > mRNA %
B

B2 MM A 5 total RNA 2RO F v b (Iso-
gen, Nippongene, EIl) %\ T acid guanidi-
nium thiocyanate-phenol-chloroform method® ¢
ML 7.

—7K$H cDNA X 2 mg ® total RNA Z##%l & |
ToligodT 7 4 ~— & Superscript™II ¥ §z &
%3 (Gibco BRL, Grand Island, NY)#%#HWTH&
B L7z,

PCR X ¢cDNA & B # 1 ul, Taq DNA K 1) X
5 — ¥ (PerkinElmer/Cetus, Norfolk, CT) 25
U, ¥ 7 A ob #15T cDNA BF® 95 74 » L
ok Y AT 94 <— (5-TGCCTATCCAGA-
AAGTCCAG-3")20pmol, 7 ¥ F v X 7T 54
< — (5 -CAGCATTCAGGGCTAACATC-3")20
pmol % 1X O &K 20 ul # T, ob & 1= T 1% 30
YA N, BT F V247N, TEDS T
7" 9 A (denaturation: 94C60 #, annealing: 54
T60 %5, polymerization: 72°C60 #) TEHi L 72.
FLALLLZOoD 794 % — (VA5

ACCGTGAAAAGATGACCAG3', T v+t~
A 5 -TACGGATGTCAACGTCACAC3 )= H
WTRTABRB- T/ F U2 LNERT Y ba—
Ve L7 BiEE L 7F  mRNA L B- 772
F DY A4 XidK 4 439bp & 528 bp TH - 7-.

PCREW% 2% T HE—AFX V& W2 ER
KB, §N FE2FY Y A MY — (Fluor-S™
multilmager, Bio-Rad Laboratories, Richmond,
CAIZX YL 7.
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HFTEPI—n=6~8 TEML, HEILFEY
EFERETRA L. 2HEBOFEHMEOED
%€ 1L Student t-test & 5 2 1E Mann-Whitney U
AR TIro 72, p<005 ZFEHEMICHERE L L7
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BATBLXOWAT 2L DL 7 F D 24 Kl
BEEPANOXBESWMITE 4 118+08 ng/mg &
H, 34£05ng/mg&HTH o7z, K112 Angll
DRIV T F VI RIZTHE 2R
9. AnglliZd BAT 226DV 7 F ¥4, WAT
PoDVTF LWk & A R EICHEND 5
Wi L7 (M1A, B). 2hsofEHizw
NHFE24 M TRHREKEETH -7 (K2
A,B).
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BB TE Ao/ (M3) . —75, WAT Tl
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X 512 AT1 % B R PL3E T H % Losartan H
Bk AT2 AR HRIE TH % PDI23319 28 L
TF W RETEEER L. TORKE, »
TNHHEMTIEL T F v OEBEHUI %&L&
o 7225, BAT IZBWTIid Ang Il (107°M) 2
5L 7F o PD123319 TA B [;E—’E
XN7AS, Losartan TRREE SN o7z (K5

TRKE DY — 2, B.RTPCRICLBLTF v
BB (Ang Il ERMEBEOKREZ 10 & LTERR),

WL 24

A). — J, WATIZ B v T b Losartan & PD
123319 ATl L 7 F v OREBESW IR L 5
2 o278, AnglliZX B L 7 F ¥ DA
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Eniholz (RM5B).
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ZBITAHLTF Y mRNA OFHICRITT 8

RL7. BAT 2B AL 7F » mRNA X Losar-
tan & A\ IX PDI23319 Tl BE SN o 72

(M6A). —F, WAT IZBWT Losartan & 5\
1% PD123319 BTl L 7 F ~ mRNA EH I

-
B aho72h, AnglliZ X %5V 75 » mRNA
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5 ATI ¥ Losartan (107"M) 3 L T8 AT2 353t
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B 24 BERIEI &8, ¥ B 1E m+SE (BAT:n
=7, WAT:n=6) T F£ B, *p<005, **p<001 vs
AngIl (107°M) BRI,

FEB DAL Losartan 12 & W EE L 7- (K 6B).
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AnglI BV 7 F Vil BT 52 L2 S
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TFRY DU O], AR AR P D2
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THa". Loy - 7ryIFF vy v RIBIEH
B, SMEOWRBICEERLEZHE) Z L2505
NTHEY, SRILMCL AngllOL 75
DWANDFEEL, L=y - TV F TV VRN
JEG ORI S G322 R LTHE Y,
BB & S ML & DS EE S 5 & OB S E
IREE .

Fefile 3B alElhAaE (BAT) & Bl
Mk (WAT) 2 5. fiE e HEH, WKL,
HE MR EBO TR L2 MICREELTE
0, BIOHEHBLEZANVF—DELEIZh 2D
5%, REIIE THBRCHE + OO 5L#
CHTEL, TAVF—FHhERE LClET
AP, SHOMEHS Angll id BAT TOL 7+
YHWEEMLUIDIZH LT, WAT TldL 7+
YRR B L OB RVEHIVR SN,
Cassis 5PUEFE LTy PO WATIZBWT, 7
YIF TV VUNPWAT D mass & L7 F
TWeRWYTHLEOREE L THBY, SHOKE
DENE L TWBA, BAT 2B 2R IEH
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+ AngII (10°M)
— Losartan (10"M)
+ PD123319 (107M)

--— 439 bp

B <— 528 bp

~— 439 bp

§ <— 528 bp

6 ATI1 HE3i2E Losartan (1077M) & AT2 #Hi3k PD123319 (107"M) #°BAT (A)
BIXOWAT (B) 2B 5L 75 mRNA BB RIZTHE

whstzwvy, TOBAT & WAT 2B AR 2%
Ang Il DFEHIE, = A VF—RFIZH L T BAT
EWAT DHEEPI 2 R E 245 T & L BEL T
WwWhHEEZONS.

R, V7F R R TR
ST AEBEEEATAZ EPMESNTED,
BAT CIEFIH 2 REL, WAT TIEW 5 H%
RAETZ7®, ZN@wz, Angll id BAT IZBWT
LT i e B L F o B X OTRETEH
A UCRIBNE, REZ BT S HEIEHT
A—F, WATIZBWTL 7F V3% Bd LR
felis, REZBMT2HAMMEHTLEEZD
N, %4, BAT & WAT \Z8 A L Re0—Im 2
AEBEHRVHDLLEEZONS. FHE, Ang 1 1Z WAT
DOHIRE LB EREMT A2 L HE SN
TWwh",

KA X ) BAT & WAT 226DV 7 F V5
W RIET Ang I OERMEF I3 &4 TRZ L Z
EATRENT. T bbb, AngllIZ & 5 BAT 206
DLV TF VA WOENIZL 7F ¥ mRNA D% B

DOEALZIEDL Lo 72D LT, WAT 2560
L7 F WO RAIE L T F  mRNA SO R
LERESTWiz. TbH, Ang Il ik BAT Tldds
BPBOBEBEIIEHTADIIH LT, WAT T
WELNVIHERT A EWRB IR 20
Ang I ORI OMEIZHRBT 5 Ang I Z&
3 7% £ TR AT BHBAEBRREREOE &
LT 5 I EARBENSD, FHHIEIAH TS
5.

Ang I DZHEKIZITATL & AT204 7% &
b2MDOY T 5 A THEAT Y. JRGHIIEICS
WTheh, v bTATIOHFFEDDOD, ¢
b, 9y b, *YARATAT2 DFEEIRET ST
WA, EiRE, HiIc X 0 BRI L
T, S EOKREIZE D AngIl X BAT Tl
AT2 %, WAT Tid AT1 &, &4 Rk 254
TEALTEANALTCVTF VHWERTAZ L
RE N BAT 3BA IR B EH THREHA
THIZONTEDT S, WAT IZBAEY T
LY BB IR T A, oMo ZE/
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AT1 & AT2 DZODZHEERY 7 % £ T D%E,
BRI BIL L PP L TBY, BATIZ AT2
BWATIZATI FET A L 2R L25EHD
MR, BBV L=y -7V T
¥V Y ROBEIDIEIE BT B 2 & BRI

LTWwWbEERAS.

F0MERTIEAT2E ATLIC X 5 il
MRS DN, BT EIANCERE T2 2 &2t
WEVIN TV E—F, FHELRRETIIINS
DFTEATHRBHRGER LTV FAFT Y
DWEHETAEI L EREYLTBY, ZEEY
TY A TOMEEITHMIC L W R 5. SEOMKE
POMRBHEICBCTH Ang I ZBAEKY 74 4
TIROIME R & R ICHEIUICIE T 5 2 & 29R
X7z,

AWFE TR L7 Ang I AL 7 F Vi l2 is
THEDHRIEL, VIFréLvoy - 7rIF T
YU UREDEE BB R TIRAEDOREID &
b—HLTW5E. ZORBEAEMENEROFEMT
SHROMF BT 50, ERAIEHMEO AL
EWAT CTHAHZEHS AnglliEFICL 7T~
DEL, FWERLSEH I EIZLY, BITE,
WEiAHAR DB 2 3k L, A & S5 IE D% RE 12 B8

B35 EARBEEND.
&
1. L=V -7y IF7 vy RIEEBABEO

PWREHE IS EE 2 RE A2 S EARB IR TY
BUFEHIIABHETH D, ABFZEIE T 3L ¥ — 1t 5
B W TR 2 E 24 9 48 @ s 1Mk
(BAT) &H@BEliflE (WAT) 28T, Ang
2V 7F 4 & mRNA BB RIT§ 222,
BIZZEZNICHEE T2 AngI S/ EKY 7% 4 TD
e EMmE L7z,

2. ICR Rt~y 2 (4 8#) ®BAT BL O
WAT %52 77— IR T 5 72 Pa i i B
MLz 10% v YIRAFImE, 4nM 4 > 2 V&K
DMEM HC 9 HREE#E L, WKAIRNMIC 51k
SR/ PMREEERE V72, Angll (1072~107"
M), ATI ZZARIEDLIE Losartan (107°~10"M),
AT2 ZHAREPISE PD123319 (10°~107M) % 3t
a5\ it Angll L PR 2 M A& b8 T

%, BEETOLVTF ViEEY RIA THEL 7.
AnglI 25V 79 » mRNA 3 HIZ RITT 228k
RT-PCR THET L 7-.

3. AnglliZ BAT & WAT 6L FF 4
W & 4 AR REEICHEND 5 v idgd e 7.
AngIIiZBAT IZBIF A L 7F » mRNA 1213
BLholh, WATIZBITAL TS~ mRNA
FME A7z, AngIlIZk 5 BAT 260 L
TF VW EE NI PD123319 12 X Y HE S 1,
WATIZBF B L 7F V45w & L 7F >~ mRNA
B DOWA L Losartan 12 & ) & 4 IR EICHE
EY VAR

4. DLEORR?S, Angll i3V 7F V50 WE)
ROZEAZ A L CIEMOREHRE ICES 3 5

WAT TIEE L% Angll S BROY T4 7%
U CTHIRIER 2R L2 25, JERM
WKBOWTHZERDY T 5 4 7 AngIl D4
ERRBCEELBERYATHIENTRIEIN
7z.

ARIFFE " THEB 728 AR E WA R
B, ERIC BB AEHBE S AEHRBL
9. 72, AT1 HPU¥E Losartan 2 R tE VW 7- B H
REEMRASH OO0, AT2 #H13E PD123319 % JHe4it
#\ 72 Warner-Lambert-Park, Davis ¥ CKE) 123
HLET.

R X OBERILEE 2 [8] B A IS N5 8% 4
(1998 £ 11 I, H#B) BV THELL.

X @

1) Chiu AT, Herblin WF, McCall DE et al: Identifi-
cation of angiotensin I receptor subtypes. Bio-
chem Biophys Res Commun 165: 196-203, 1989
Whitebread S, Mele M, Kamber B et al: Prelimi-
nary biochemical characterization of two an-
giotensin II receptor subtypes. Biochem Biophys
Res Commun 163: 284-291, 1989
Murphy TJ, Alexander RW, Griendling KK et
al: Isolation of a ¢cDNA encoding the vascular
type-1 angiotensin II receptor. Nature 351: 233—
236, 1991

Sasaki K, Yamano Y, Bardhan S et al: Cloning
and expression of a complementary DNA encod-

2)

3)

4)



6)

7

8)

9)

10)

11

12)

13)

14)

15)

16)

ing a bovine adrenal angiotensin II type-1 recep-
tor. Nature 351: 230—236, 1991

Kambayashi Y, Bardhan S, Takahashi K et al:
Molecular cloning of a novel angiotensin II recep-
tor isoform involved in phosphotyrosine phos-
phatase inhibition. J Biol Chem 268: 24543-24546,
1993

Mukoyama M, Nakajima M, Horiuchi M et al:
Expression cloning of type 2 angiotensin II recep-
tor reveals a unique class of seven-transmem-
brane receptors. J Biol Chem 268: 24539—-24542,
1993

Scheuer DA, Perrone MH: Angiotensin type 2
receptor mediates depressor phase of biphasic
pressure response to angiotensin. Am J Physiol
264: R917-R923, 1993

Stoll M, Steckelings UM, Paul M et al: The an-
giotensin AT2-receptor mediates inhibition of cell
proliferation in coronary endothelial cell. J Clin In-
vest 95: 651-657, 1995

Brilla CG, Zhou G, Matsubara L et al: Collagen
metabolism in cultured adult rat cardiac fibro-
blasts: response to angiotensin II and aldosterone.
J Mol Cell Cardiol 26: 809-820, 1994

Levy BI, Benessiano J, Henrion D et al: Chronic
blockade of AT2-subtype receptors prevents the
effect of angiotensin II on the rat vascular struc-
ture. J Clin Invest 98: 418425, 1996

Tanabe A, Naruse M, Arai K et al: Gene expres-
sion and roles of angiotensin II type 1 and type 2
receptors in human adrenals. Horm Metab Res
30: 490-495, 1998

Richelsen B, Kristensen K, Jensen JD: The auto-
and endocrine function of the adipose tissue. Sig-
nificance for metabolic complications in obesity.
Ugeskr Laeger 160: 7246—7250, 1998

Engeli S, Gorzelniak K, Kreutz R et al: Co-
expression of renin-angiotensin system genes in
human adipose tissue. J Hypertens 17: 555—560,
1999

Schling P, Mallow H, Trindl A et al: Evidence
for a local renin angiotensin system in primary
cultured human preadipocytes. Int J Obes Relat
Metab Disord 23: 336-341, 1999

Zorad S, Fickova M, Zelezna B et al: The role of
angiotensin II and its receptors in regulation of
adipose tissue metabolism and cellularity. Gen
Physiol Biophys 14: 383-391, 1995

Crandall DL, Armellino DC, Busler DE et al:
Angiotensin II receptors in human preadipocytes:
role in cell cycle regulation. Endocrinology 140:
154-158, 1999

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

13

Fruhbeck G, Jebb SA, Prentice AM: Leptin:
physiclogy and pathophysiology. Clin Physiol 18:
399-419, 1998

Houseknecht KL, Baile CA, Matteri RL et al:
The biology of leptin: a review. J Anim Sci 76:
1405-1420, 1998

Schorr U, Blaschke K, Turan S et al: Relation-
ship between angiotensinogen, leptin and blood
pressure levels in young normotensive men. J Hy-
pertens 16: 1475-1480, 1998

Uckaya G, Ozata M, Sonmez A et al: Plasma
leptin levels strongly correlate with plasma renin
activity in patients with essential hypertension.
Horm Metab Res 31: 435-438, 1999

Rehnmark S, Nechad M, Herron D et al: Alpha-
and beta-adrenergic induction of the expression
of the uncoupling protein thermogenin in brown
adipocytes differentiated in culture. ] Biol Chem
265: 1646416471, 1990

Chomeczynski P, Sacchi N: Single-step method of
RNA isolation by acid guanidinium thiocyanate-
phenol-chloroform extraction. Analyt Biochem
162: 156-159, 1987

He Y, Chen H, Quon M] et al: The mouse obese
gene. Genomic organization, promoter activity,
and activation by CCAAT/enhancer-binding pro-
tein alpha. J Biol Chem 270: 28887-28891, 1995
Cannon B, Houstek J, Nedergaard J: Brown adi-
pose tissue. More than an effector of thermogene-
sis? Ann NY Acad Sci 856: 171-187, 1998

Jequier E, Tappy L: Regulation of body weight
in humans. Physiol Rev 79: 451-480, 1999

Cassis LA, Marshall DE, Fettinger M]J et al:
Mechanisms contributing to angiotensin II regu-
lation of body weight. Am ] Physiol 274 (5Pt 1) :
E867-E876, 1998

Fruhbeck G, Aguado M, Martinez JA: In vitro
lipolytic effect of leptin on mouse adipocytes: evi-
dence for a possible autocrine/paracrine role of
leptin. Biochem Biophys Res Commun 240: 590—
594, 1997

Siegrist-Kaiser CA, Pauli V, Juge-Aubry CE et
al: Direct effects of leptin on brown and white
adipose tissue. ] Clin Invest 100: 2858-2864, 1997
Crandall DL, Herzlinger HE, Saunders BD et
al: Identification and characterization of angio-
tensin II receptors in rat epididymal adipocyte
membranes. Metabolism 42: 511-515, 1993

Ichiki T, Labosky PA, Shiota C et al: Effects on
blood pressure and exploratory behavior of mice
lacking angiotensin II type-2 receptor. Nature
377. 748-750, 1995



14

31) Nakajima M, Hutchinson HG, Fujinaga M et al: gain-of-function study using gene transfer. Proc
The angiotensin II type 2 (AT2) receptor antago- Natl Acad Sci USA 92: 10663-10667, 1995
nizes the growth effects of the ATI receptor:




