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Abstract The angiotensin Il type la (AT1a) receptor iKey words Angiotensin Il - Angiotensin Il type

the major receptor effecting the multiple actions of angiba receptor - Mesangial matrix - Mesangial cell -

tensin 1l on the cardiovascular system. It is expressE@nsmission electron microsccyy

abundantly in the glomerular mesangial cells of the kid-

ney. We investigated glomerular changes in null mutant

mice minus the AT1a receptor gene to gain an understaindroduction

ing of the in vivo action of angiotensin Il via AT1la on the

mesangium. Morphological observations and morphangiotensin Il has various important roles in cardiovas-
metric analysis revealed that the glomerular volume wadar regulation, mainly via the type 1 (AT1) receptor.
greatly increased owing to the expansion of the mesangi@ll receptors have been shown to be expressed abun-
area, which contained fluid-filled spaces with a smalhlntly in the mesangial cells [13, 19, 25] and to have two
amount of fibrillar components. The mesangial cells lasbforms, AT1la and AT1b. ATla receptors have been re-
contact with each other and with the perimesangial aregofted to predominate in producing effects of angioten-
the glomerular basement membrane (GBM), so that #gir Il [25], which regulates the glomerular filtration rate
glomerular capillary neck was greatly widened. Thef® 5, 17, 27] and modulates the ultrafiltration coefficient
findings suggest a defect of the anchoring function of ni®¢ contraction of mesangial cells [2, 17]. The phenotype
sangial cells resulting from some abnormality in mesaof- mesangial cells, however, differs from that of smooth
gial matrix formation. We conclude that angiotensin Il hasuscle cells, and they appear to be unable to contract as
an important role in the structural and functional maintemooth muscles do [14]. Angiotensin Il has been shown
nance of the mesangium via the AT1a receptor, especitdlystimulate the synthesis of mesangial extracellular ma-
by reinforcing the connection between mesangial cells arides [21, 29], mesangial cell proliferation [20, 21, 28,
GBM via the mesangial matrix. 29] and mesangial cell hypertrophy [1, 28] in experi-
ments using in vitro-cultured mesangial cells. However,
the in vivo action of angiotensin Il on glomerular mesan-
S. Inokuchi () - T. Sakai o i Jial cells via AT1a has not been clarified.
g_‘i?i‘ﬂgﬁgg?me%oom’a ?#gltg,gdflg_rg‘gf"tgaﬁgﬂ°°' of Med'c'”_' In this study, we investigated the glomerular changes
Tel.: +81-03-5802-1023, Fax: +81-03-5689-6923 in null mutant mice minus the ATla receptor gene to
K. Kimura. gain an understanding of the in yivo a_ction of angioten-
Second Department of Internal Medicine, Faculty of Medicine, sin ”_ on t_he glomerular mesangium via ATl_a receptor.
University of Tokyo, Tokyo, Japan We_ visualized extracellular matrices and thg intracellular
T. Sugaya fibrillar structure at the electron microscopic level [22,
Institute of Applied Biochemistry, University of Tsukuba, Ibaragi23]’ and morp_hOIOQ'Cal and morphomejnc analy_S|s en-
abled us to gain a thorough understanding of angiotensin
Il actions in mesangial function.
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Materials and methods

We used homozygous ATla gene-deficient mice (ATla null mu-
Kazuo Murakami tant mice) generated from C57BL/6 mice by Sugaya et al. [25]. In
Institute of Applied Biochemistry and Tsukuba Advanced the mutant mice, the AT1a receptor gene was disrupted by replace-
Research Alliance, University of Tsukuba, Ibaragi, J::nan ment with thef-galactosidaseldcZ) gene. The null mutant mice
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displayed hypotension and hyper-reninaemia [25]. C57BL/6 mice The surface area of each tuft compone{C]], that is, total
of the wild type were used as control mice. GBM, pericapillary GBM and perimesangial GBM surface area,

Four null mutant mice, two each aged 8 and 27 weeks, and faas calculated from the formula;
wild-type mice of the same ages were used for mophological exami-
nation. The mice were anaesthetized by intraperitoneal injectiongaf)=\/(T)xSv.

a mixture of ketamine (Ketarar 50, Sankyo, Tokyo, Japan) and xyla-

dine (Ceraktar, Bayer Japan, Tokyo, Japan). After opening of the BRe GBM surface area is composed of that of two subdomains,
dominal cavity, the abdominal aorta was cannulated with a retfgmely the pericapillary and perimesangial GBM surface areas.
grade catheter, and perfused by a fixative for 5 min with a perfusigie two subdomains are demarcated from each other by the me-
apparatus (Kosaka Laboratory, Tokyo, Japan) operated at a pressatigial angle.

of about 200-220 mm Hg for the null mutant mice and about |ndividual glomerular components were identified on glomerular
200-250 mm Hg for the control mice. The fixative contained 2ffofiles printed at a final magnification of x1500 of transmission
glutaraldehyde in 0.1 M cacodylate buffer at pH 7.4. Small piecesgfdctron micrographs, and their domain areas and border lengths
cortical tissue were processed by a cold-dehydration technique [$@re measured by means of a digitizer and computer software for
After brief treatment with 0.1% osmium tetrOX|de, the blocks Werﬁjage ana|ysis (Cosmozone software, Nikon, Tokyoy Japan)_

stained en bloc with 1% tannic acid and uranyl acetate successivelyporphometric data were analysed by computer software for
The blocks were then dehydrated in a graded series of acetongaaistical analysis (Stat-View Il, Abacus Concepts, Berkeley, Ca-
gradually decreasing temperatures down30° C and embedded in|if). Values are presented as meansstandard deviation. One-way
EpOﬂ 812. These procedures _enabled detailed mprphologlcal O%ﬁﬁysis of a variance (ANOVA) was performed among four
vation of the extracellular matrix and intracellular fibrillar structuregroups. When the difference was significant, Sheffe’s multiple
[22]. Semithin sections (1 um) were stained with toluidine blue aBgmparison test was performed to identify which groups were sta-
prepared for light microscopy. Ultrathin sections were stained wiktically different from which others.

uranyl acetate and lead citrate and were examined with a JEM-

1200EX electron microscope (JEOL, Tokyo, Japan).

To quantitate the glomerular changes, the glomerular tuft vﬂ
ume and the volumes and surface areas of their components,
cluding the glomerular basement membrane (GBM) surface ar ) . . .
were determined by means of a combination of light microscor&‘ij\_‘)merUlar profiles in the wild-type mice at the ages of 8
and electron microscopic morphometry, as described elsewhergFig. 1a) and 27 weeks (Fig. 1c) were composed of many

23]. Briefly, the glomerular tuft volume in each kidney was estglomerular capillary loops and small amounts of mesan-
mated on the basis of light microscopic measurement of 50 rggjm connecting them. In the null mutant mice at the ag-

dom sectional profiles of glomeruli in semithin sections. The rel . .
tive volumes and surface areas of each component of glomefisiOf 8 (Fig. 1b) and 27 weeks (Fig. 1d) they were mark-

per glomerular tuft volume were determined on the basis of el@gly enlarged compared with those in the wild-type mice
tron microscopic measurement of 5 equatorial sectional profilesgffthe same ages (Fig. 1a, c). The most prominent mor-

glomeruli in ultrathin sections. The absolute volumes or Surff’%?logical change of enlarged glomeruli in the null mu-

esults

areas of each component of glomeruli were determined as prad-, .= : : :
ucts of the glomerular tuft volume and their relative volumes t mice was the increase in the absolute mesangial area

surface areas, respectively. and widening of the glomerular hilum (Fig. 1d). The en-
To estimate the glomerular tuft volume [V(T)], we determinelirged space between the afferent and efferent arterioles

by mean tuft area [A(T)], which was defined as the average of {iys occupied by increased intercellular space and a num-

domain areas of minimal convex polygon circumscribing all tu ; _
components in sections including capillaries, mesangium, podo r of cells of extraglomerular mesangium. Foot process

tes and narrow urinary spaces. The measurements were taken §atPf glomerular epithelial cells in the null mutant mice at
the aid of a semiautomatic image analysis system (IBAS, CHie ages of 8 and 27 weeks were well preserved and ap-

Zeiss, Oberkochen, Gemany) connected to a photomicroscqpeared equal in size to those in corresponding wild-type
Outlines of the profiles on a video monitor were traced on a dighice. Glomerular basement membrane in the null mutant

&ﬂggcéﬁ:bdfét:é ;g?#?&???ﬂg;ﬁg“tﬂg‘fg:‘nfu?éc.’mermar wit volumgice at the ages of 8 an 27 weeks was of the same thick-
’ ness as in the corresponding wild-type mice.
V(T)=BIK A(T)~(3/2), The structure of the glomerular tufts in the wild-type

_ o , o mice showed a few mesangial cells, with a small amount
wheref is the shape coefficient for spheres & the distribu- ¢ mesangial matrix around them and narrow capillary

tion coefficient [10, 26]. . .
The relative volumes of individual components (volume denﬁ-eCks (Fig. 2a). The mesangial cell processes were an-

ty; Vv) were represented by their domain area divided by the tuft
domain areaAa). The relative surface areas of individual compgrjg 1 Transmission electron micrograph showing glomerulivof
nents (surface densitySy) were calculated from their bordery,q wild-type mice aa 8 andc 27 weeks after birth and the null

lengths divided by the tuft domain aréa) using the formula; mutant mice ab 8 andd 27 weeksa The glomerulus was 75 um
in diameter in the wild-type mouse 8 weeks after birth and was
Sw4 LA made up of many glomerular capillary loops and a small amount

- of mesangium connecting therh. The glomerulus was larger,
The volume of each tuft component(C)], that is, inner GBM 100 um in diameter, in the null mutant mouse at 8 weeks than in
volume, capillary volume and mesangial volume, was calculaigft corresponding wild-type mouse, an enlargement resulting from

from the formula; an increase in the mesangial aredhe glomerulus of the wild-
type mouse at 27 weeks appeared the same as that of the wild-type
V(C)=V(T)XVV. mouse at 8 weeks, although it was slightly enlarged, 85 pm in di-

ameter.d The glomerulus of the null mutant mouse at 27 weeks
The glomerular tuft volume is defined as the volume of the minimahs markedly enlarged, 135 um in diameter; the glomerular me-
convex polyhedron containing the total tuft structure, and it is thesangium and extraglomerular mesangium were expanded. The
fore much larger than the inner GBM volume. The inner GBM vailomerular hilum (between therows) was widely spreadarsin
ume consists of the capillary volume and the mesangial volume. the panels30 pmr
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Table 1 Morphometric analysis of glomeruli. Means+SGREM glomerular basement membraie)

Wild-type 8 w Null mutant mice 8 w Wild-type 27 w Null mutant mice 27 w

Glomerular tuft volume (x10umd) 201.9+52.2 678.8+12323 355.0+59.8 892.5+257.8 b.c
Inner GBM volume 108.2+10.6 418.2+38.2 200.2+13.4 633.9+45.9.b.¢
Capillary volume 71.0£4.7 134.3+13.8 112.9+15.8 142.9+28.7
Mesangial volume 37.1+7.9 284.0£25.6 87.3£16.8 491.1+713b. ¢
Total GBM surface area (x3Qu?) 40.843.5 114.3+14¢7 59.148.9 97.7+1238b
Pericapillary GBM surface area 29.7+1.4 66.787.1 40.5+8.6 48.5+108¢
Perimesangial GBM surface area 11.1+2.6 47.6#11.9 18.6+3.9 49.2+48b

aDifference from 8-week wild-type mouses0.01
b Difference from 27-week wild-type mougesx0.01
¢ Difference from 8-week AT 1a-deficient mice<0.01

chored to the GBM and thus kept the capillary necks iig-only a few glomeruli in the null mutant mice, and the
stricted. The structure of the tufts in the null mutaproportion of this type of mesangial area was quite vari-
mice varied among the glomeruli and within a singkble among glomeruli.
glomerulus and showed three types of morphological In the null mutant mice, mesangial dissolution was
changes, although it is impossible to define their bourttie most characteristic alteration. In these areas, the me-
aries: mesangial enlargement, moderate increase of ssgial matrix was greatly enlarged and contained an
sangial matrix together with widening of the capillargbundance of fluid-filled space and a small amount of
neck (Fig. 2b); mesangial dissolution with extreme egxtracellular matrix (Fig. 3a). The individual mesangial
pansion of the mesangial matrix area characterized dalls were separated from the GBM or endothelial cells
fluid-filled spaces with a small amount of fibrillar comby the fluid-filled spaces (Fig. 3b). In the mesangial dis-
ponents (Fig. 2c); and mesangial interposition, a sligh8glution area, the capillary diameter was variable. The
expanded mesangium which contains mesangial celégpillaries in the peripheral glomerular tuft were seg-
surrounding individual capillaries (Fig. 2d). In thesmentally enlarged (Fig. 3a, capillary lumen shown as L).
glomerular areas with structural changes of mesangtapillary endothelial cells were occasionally separated
enlargement, the mesangial matrix area was moderafetyn the GBM by the fluid-filled spaces. The endothelial
enlarged and contained loosely packed extracellular neals facing the fluid-filled spaces had a wavy outline
trices, including flocculent materials and scattered thiekd were separated from the fluid-filled spaces by an in-
fibrils. complete sheet of basal lamina consisting of electron-
At the age of 8 weeks, in the null mutant mice mesatense material (Fig. 3b arrowheads). Mesangial cell pro-
gial enlargement was observed in almost every glomecasses in the null mutant mice loss their anchoring to the
lus and occupied about three quarters of the glomeruEBM over a wide area (Fig. 3b), while the mesangial
area. An area of mesangial dissolution was also obsergelll processes in the wild-type mice characteristically
in almost every glomerulus and occupied about owere anchored to the GBM (Fig. 2a). Shreds of matrix
quarter of the glomerular area in the null mutant mio@aterial including assemblies of disconnected micro-
There was no mesangial interposition in the null mutditirils were found within the greatly expanded inter-
mice at this age. By the age of 27 weeks, mesangial eellular spaces (Fig. 3b). Dissolutions of mesangial
largement was oberved in one quarter of the glomerutatl-GBM connections at mesangial angles allowed ex-
area, and the glomerular area of mesangial dissolutansion of the mesangium into the space between the
occupied about three quarters of the glomerular areaGBM and the capillary endothelium. The capillaries lost
the null mutant mice. Mesangial interposition was founldeir narrow necks and were progressively encompassed
by the mesangium. In advanced cases, these capillary
profiles were encountered; they lost almost all their rela-
Fig. 2a—d Three types of mesangial alterations in the null mutaflpnships to the GBM and, instead, were completely in-

mice.a The mesangium from the wild-type mouse was compos ; ; ;
of a few mesangial cells and a small amount of mesangial ma §<rporated into the expanded mesangium (Fig. 2c).

surrounding the mesangial cells-d In contrast, the mesangium _ Intracellular fibrillar structures, especially the micro-
of the null mutant mice showed three types of alteratiorigrst, filaments of mesangial cells, were rarely observed in the
mesangial enlargement, where mesangial matrix area was mogeocesses that had lost contact with the GBM in the null
ately enlarged accompanied with widening of the capillary ”egllfutant mice (Fig. 3a).

er

and containing loosely packed extracellular matrices. The num . . .
of mesangial cells was unchangedSecond, mesangial dissolu- Morphometric analysis of glomeruli revealed that

tion, where the mesangial matrix area was greatly expanded ghamerular tuft volume was considerably larger in the
characterized by fluid-filled spaces with a small amount of fibriqull mutant than in the wild-type mice (Table 1). The
lar components. Glomerular capillaries were almost surroundedd%mermar tuft volumes in the null mutant mice were

fluid-filled spaces in the mesangial aréarhird, mesangial inter- : .
position, where processes of mesangial cells surround individ@Qout 3.4 times as large at 8 weeks and 2.5 times as large

capillaries circumferentiallyl{ urinary spaceP podocyteL capil- at 27 weeks as in the corresponding WiId-tpr mice. T_he
lary lumen,MC mesangial cellbarsin thepanels10 pm increment of glomerular tuft volume was attributed pri-
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marily to the increased mesangial volume; the propand that the AT1 receptor subtype may well be involved
tions of mesangial volume in the glomerular tuft voluma the regulation of fibronectin synthesis during develop-
were 67% at 8 weeks and 77% at 27 weeks in the maknt and in disease [21]. Recent studies have suggested
mutant mice, while they were 34% and 43% in the cortbat some of the pathophysiological actions of angioten-
sponding wild-type mice, respectively. The mesangisih Il result from its stimulation of TGB-expression [8,
volumes in the null mutant mice were about 7.6 times Hs, 24], which has multiple effects on glomerular cell
larger at 8 weeks and about 5.6 times as large atf@ctions including modulation of the synthesis of extra-
weeks as in the corresponding wild-type mice. cellular matrix proteins [3, 6, 16]. However, these results
The total GBM surface area was increased moderateigre obtained from in vitro studies, and the in vivo ac-
in the null mutant mice compared with that in the wildion of angiotensin Il on the mesangial cells via AT1a re-
type mice, both at 8 and at 27 weeks. The two compa®ptor has not been clarified. Indeed it is impossible to
ments of the total GBM surface area, the pericapillaciarify in vivo actions directly. Using angiotensin-con-
GBM surface area and the perimesangial GBM surfagerting enzyme inhibitors or angiotensin Il receptor an-
area, were also larger in the null mutant mice than in tiagonists, it is possible to suppress angiotensin Il action
wild-type mice. The pericapillary GBM surface area im the tissue, but not to block it totally. Therefore, in this
the null mutant mice was smaller by 73% at 27 weeg&aidy, we used homozygous ATla null mutant mice as a
than at 8 weeksP&0.01), while the pericapillary GBM tool to gain an understanding of the in vivo action of an-
surface areas in the wild-type mice were similar at bajfotensin Il on mesangial cells.
ages. In contrast, the perimesangial GBM areas showedn the mutant mice, the mesangial area was greatly
no significant difference between 8 and 27 weeks in ekpanded and the mesangial matrix decreased in density.
ther the null mutant or the wild-type mice. This decrease is thought to be caused by a combination
of reductions in synthesis of the mesangial matrix com-
ponents and in the density of the mesangial matrix by ex-
Discussion pansion of mesangial intercellular space. The expansion
of these spaces per se is thought to result from inade-
In this study, we used a cold-dehydration technique gnate anchoring of mesangial cells, probably caused by a
processing the kidney tissue for transmission electrdefect in the production of extracellular matrix. The ex-
microscopy; with this the extra- and intracellular filapansion of the mesangial intercellular spaces found in
mentous structures are better preserved than with ctiris study could not have resulted artificially from the
ventional methods [22]. This technical improvement gberfusion pressure during the fixation, according to our
lowed us to show that in null mutant mice, the glomerpreliminary study. Morphological changes in null mutant
lar volume was dramatically increased owing to extrem@ce perfused by a physiologically low pressure (110
expansion of the mesangial area. In the null mutant micen Hg) were fundamentally the same as in the present
the expanded mesangial matrix area contained a gmaatly (unpublished data).
deal of fluid-filled space and a small amount of extracel- This study clearly shows that the mesangial matrix
lular matrix. The individual mesangial cells were sepaemponents in null mutant mice cannot connect the me-
rated from the GBM or endothelial cells by these fluidangial cells firmly to the GBM or endothelial cells. We
filled spaces. suggest that the mesangial cells in null mutant mice fail
AT1 receptor is expressed abundantly in the mesam-form normal mesangial matrices and to maintain a
gial cells of the kidney [13, 19, 25].The administration eformal mesangial structure. We suggest that the role of
angiotensin Il has been reported to stimulate the synthagiotensin Il in the mesangial cells is to synthesize me-
sis of components of the extracellular matrix in mesasangial components, via ATla and through ATla to
gial cells and smooth muscle cells in vitro [21, 29]. Ragaintain the normal structure of the mesangium. Recent
et al. suggested that angiotensin Il binding to AT1 recegiudies in cultured mesangial cells support our hypothe-
tors directly stimulates fibronectin production and cellsis [21, 29].
lar proliferation in cultured human fetal mesangial cells, Mesangial alterations in the null mutant mice at 8 and
27 weeks were of three types: mesangial enlargement,

Fig. 3a, b Dissolution of mesangial area in a null mutant mousrgesanglal dissolution and mesangial interposition. At 8

27 weeks after birtha Mesangial area was expanded by fluidWe€€ks, mesangial enlargement occupied the larger part
filled spaces together with a little extracellular mesangial matri@f each glomerular area, and mesangial dissolution occu-

Capillary necks were greatly enlargd&hr 10 um.b High-magni- pied a minor portion. At 27 weeks, the ratio of the two

fication view of the mesangial area surrounded by the open rectgiyes of glomerular alterations in each glomerulus was
gle ina. The processes of mesangial cells were separated from.

glomerular basement membrane and glomerular endothelial c€l ert?d' Mesangial interposition was seen in a feV_V glo-
by fluid-filled spaces, which contained a few fibrillar component§neruli only at 27 weeks. We suggest that mesangial en-
The endothelial cells facing the fluid-filled space were separatefgement is the earliest change and leads to mesangial
from the fluid-filled spaces by an incomplete sheet of basal lamigassolution, after which mesangial interposition occurs.

consisting of electron-dense materiadsr¢whead$. Bar 2 pm U ; : :
urinary spacel capillary lumen,E glomerular endothelial cell, We hypothesize that the mesangial area in null mutant

MC mesangial cellP podocyte FP foot processGBM glomerular  Mice is extended by the distending forces of blood pres-
basement membrar:2) sure, as mesangial matrix formation is impaired, and the
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mesangial cells do not interconnect with each other @ Chen X, Li W, Yoshida H, Tsuchida S, Nishimura H, Take-

anchor to the GBM. We assume that mesangial interposi-?a‘?tgoet'i:ﬁgo dk;gt)ioﬁ’olf:%%%ia'e r':’é?rt]st‘;fb%ki‘Bﬂ;gg:)'ig‘;"ge'nélﬁ]gge
tion plays a part in preserving the mesangial structure, asise. Am J Physiol 272:F299-F304
a mesangial area with insufficient matrix is unable t@. penton KM, Fennsy PA, Alcorn D, Anderson WP (1992) Mor-

maintain the normal structure. phometric analysis of the actions of angiotensin Il on renal ar-
It is interesting to note that the pericapillary GBM sur-_ terioles and glomeruli. Am J Physiol 262:F367-372

f : Edwards DR, Murphy G, Reynolds JJ, Whitham SE, Docherty
face area in the null mutant mice was smaller at 27 weeEsJP’ Angel P, Heath JK (1987) Transforming growth factor beta

than at 8 weeks. In the null mutant mice, the area of me-mgqulates the expression of collagenase and metalloproteinase
sangial dissolution was widespread at 27 weeks. The dis-inhibitor. Eur Mol Biol Organ J 6:1899-1904 _
connection of mesangial cells and the GBM at mesangial Elger M, Sakai T, Kriz W (1990) Role of mesangial cell con-

i i ; traction in adaptation of the glomerular tuft to changes in ex-
angles allowed mesangial expansion into the space betracellular volume. Eur J Physiol 415:598-605

tween the GBM and the capillary endothelium. We asg \ahn Awa, Resnick TJ, Bernhardt TJ, Feraccin F, Buhler FR
sume that the capillary GBM is changed to mesangial (1991) Stimulation of autocrine platelet-derived growth factor
GBM in time and thus the pericapillary GBM surface ar- AA-homodimer and transforming growth fact@rin vascular

ea decreases in the null mutant mice by 27 weeks of age. iTé)ftLrgnge cells. Biochem Biophys Res Commun 178:

_In the null mutant mice, foot processes were regulay \ieiy' | 'Barsh Gs, Pratt RE, Dzau VJ, Kobilka BK (1995) Be-
in width and appeared to be identical to those of the havioural and cardiovascular effects of disrupting the angio-

wild-type mice. The GBM was the same thickness in the tensin Il type-2 receptor gene in mice. Nature 377:744-747
null mutant and in the wild-type mice. The function of0. Hirose K, Osterby R, Nakazawa M, Jorgensen H, Gumderson

; ; G (1982) Development of glomerular lesions in experimental
the glomerular epithelial cells was thus probably normal. long-term diabetes in the rat. Kidney Int Int 21:689—695

_ Although the ATla receptor predominates in mouse. chiki T, Labosky PA, Shiota C, Okuyama S, Imagawa Y, Fogo
kidney, renin and angiotensin production is up-regulated A, Niimura F, Ichikawa |, Hogan BLM, Inagami T (1995) Ef-

in the null mutant mice and plasma angiotensin Il con- fects on blood pressure and exploratory behaviour of mice

centration is increased. So it is conceivable that the ottl1§r'ﬁ‘gk,\i/lngoé}ir\‘lgeiﬁée&sli”N'Igtnyr?c‘fr;zpr\]ecgep;‘t’rc’;'a&ﬁgg?\féﬁ;gg o

angiotensin Il receptors, including AT1b and AT2, cOM-" cqffman TM (1995) Regulation of blood pressure by the type
pensate for the lost functions of ATla. However, the 1a angiotensin Il receptor gene. Proc Natl Acad Sci USA 92:

amount of AT1b receptors in ATla null-mutant mouse 3521-3525

i i indirde- Kakinuma Y, Fogo A, Inagami T, Ichikawa | (1993) Intrarenal
Kidney remains at an undetectably low level for bmdlﬂ& localization of angiotensin Il type 1 receptor mRNA in the rat.

autoradiography or in situ hybridization [12, 25]. It is re- Kidney Int 43:1229-1235

ported that AT1b null mutant mice and AT2 null mutant. Kimura K, Nagai R, Sakai T, Aikawa M, Kuro-o M, Kobayashi
mice show no morphological abnormalities [4, 9, 11], N, Shirato I, Inagami T, Oshi M, Suzuki N, Oba S, Mise N,
but angiotensinogen null mutant mice have mesangial Tojo A, Hirata Y, Goto A, Yazaki Y (1995) Diversity and vari-

; ; _ability of smooth muscle phenotypes of renal arterioles as re-
expansion [18]. This suggests that the glomerular chang vealed by myosin isoform expression. Kidney Int 48:372—382

es observed in ATla null mutant mice reflect a lack @f | ee Lk, Meyer TW, Pollock AS, Lovett DH (1995) Endotheli-
AT1a receptor functions. al cell injury initiates glomerular sclerosis in the rat remnant

We conclude that angiotensin Il plays an important kidney. J Clin Invest 96:953-964

part in the structural and functional maintenance of thg Marti HP, Lee L, Kashgarian M, Lovett DH (1994) Transform-
ing growth factol stimulates glomerular mesangial cell

mesang_ium throth_ the ATla receptor, inCIUding the synthesis of the 72 kDa type IV collagenase. Am J Pathol 144:
synthesis of mesangial matrix and connection of the me-g2-94

sangial cells to the GBM. A future study will address tH&. Myers BD, Deen WM, Brenner BM (1975) Effects of norepi-

biochemical analysis of mesangial matrix components néphrine and angiotensin Il on the determinants of glomerular
and ATla gene transfer to the null mutant mesangial gf{?fgtergt'g?ﬁfgf_ﬂ%x'mal tubule fluid reabsorption in the rat,
cells in vivo, which may provide us with further evi1g. Niimura F, Labosky PA, Kakuchi J, Okubo S, Yoshida H,
dence for our hypothesis. Olikawa T, Ichiki T, Naftilan AJ, Fogo A, Inagami T, Hogan
BLM, Ichikawa | (1995) Gene targeting in mice reveals a re-
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