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Abstract

The kidney both produces and responds to endothelin. We ex-
amined the production and the expression of mRNA of endo-
thelin-I (ET-1) in tubule suspensions and microdissected
nephron segments. ET-1 production was measured by RIA us-
ing an ET-i-specific antibody. We applied the reverse tran-
scription and polymerase chain reaction (PCR) technique to
detect ET-1 mRNA along the nephron segments. Stimulation
of ET-1 production was observed in the presence of FCS and
transforming growth factor-,8 (TGF-,B) in inner medullary tu-
bules but not in cortical or outer medullary tubule suspensions.
Among dissected nephron segments, ET-1 production was ob-
served in glomeruli and inner medullary collecting ducts
(IMCD), whereas it was negligible in proximal convoluted tu-
bules (PCIT) and medullary thick ascending limbs (MAL). In
addition, the PCR product of ET-1 mRNA was also higher in
glomeruli and IMCD, whereas it was undetectable in PCT and
MAL. Furthermore, FCS and TGF-/l increased ET-1 mRNA in
microdissected glomeruli and IMCD. These data clearly demon-
strated that the production sites of ET-1 are glomeruli and
IMCD among the nephron segments. ET-1 is an autocrine fac-
tor in these sites. (J. Clin. Invest. 1992. 90:1043-1048.) Key
words: endothelin-1 * reverse transcription * polymerase chain
reaction * messenger RNA * glomeruli * inner medullary collect-
ing ducts

Introduction

Endothelin (ET)' is a 21-amino acid vasoconstrictor peptide
produced by vascular endothelial cells ( 1-3). ET has three iso-
types: ET- 1, ET-2, and ET-3 (4). ET- 1 receptors are widely
distributed in the body, including the brain, spinal cord, spleen,
skeletal muscle, and kidneys (5-8). Intravenous administra-
tion of ET- 1 increased total peripheral resistance, arterial pres-
sure, and left atrial pressure, and decreased heart rate and car-
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hyde-3-phosphate dehydrogenase; iIMCD, initial inner medullary col-
lecting ducts; IMCD, inner medullary collecting ducts; MAL, medul-
lary thick ascending limbs; OMCD, outer medullary collecting ducts;
PCT, proximal convoluted tubules; PCR, polymerase chain reaction;
RT, reverse transcription; RT-PCR, polymerase chain reaction tech-
nique coupled with reverse transcription; TGF-(3, transforming growth
factor-,B; tIMCD, terminal IMCD; TNF-a, tumor necrosis factor-a.

J. Clin. Invest.
t The American Society for Clinical Investigation, Inc.
0021-9738/92/09/1043/06 $2.00
Volume 90, September 1992, 1043-1048

diac output (9, 10). In the kidney, ET- 1 decreased renal blood
flow by increasing both afferent and efferent arteriolar resis-
tance, and it decreased GFR by decreasing the glomerular capil-
lary ultracoefficient (9-14). It has recently been revealed that
ET- 1 also causes diuresis and natriuresis despite a decrease in
GFR (9, 12), suggesting a direct tubular site of action. Autora-
diographic studies showed binding sites to ET- 1 not only in
glomeruli and the vascular system but also in the inner me-
dulla, possibly in inner medullary collecting ducts (IMCD)
( 15, 16). This binding pattern is quite similar to that of atrial
natriuretic peptide (ANP) ( 17 ). A recent immunohistochemi-
cal study showed the presence of ET- 1 binding sites in proxi-
mal tubules and IMCD as well as glomeruli and the vascular
system ( 18). These histological studies have indicated the pres-
ence of ET- 1 target sites in nephron segments as well as the
vascular system.

Recently, data concerning tubular actions of ET- 1 have ac-
cumulated. Garvin and Sanders ( 19) showed that ET- 1 inhib-
ited water transport in rat proximal straight tubules. ET- 1 in-
hibited arginine vasopressin (AVP)-stimulated cAMP accu-
mulation in cortical collecting ducts (CCD), outer medullary
collecting ducts (OMCD), and IMCD (20). ET- 1 inhibited
Na-K-ATPase activity in IMCD (21 ). ET induced an increase
of intracellular Ca++ concentration in glomeruli and collecting
ducts ( 14, 22, 23). ET-1 inhibited active chloride absorption
and water absorption in CCD and IMCD of rats (24, 25).
These studies, taken together with histological studies, indicate
that the target sites of ET- 1 along the nephron are the glomer-
uli, proximal tubules, and the collecting ducts.

However, little is known concerning the production sites of
ET- 1 in the kidney. ET was originally found in culture medium
of vascular endothelial cells ( 1-3), suggesting that the vascular
system could be the major source of renal ET- 1 synthesis. Mes-
angial cells are known to produce ET- 1 (26, 27). ET- 1 is also
produced by cultured epithelial cells, such as LLC-PK, and
MDCK cells, in which ET- 1 increased intracellular Ca++ (28).
The sites of ET- 1 production along the nephron are not clear.
Recently, ET- 1 production was shown in primary cultured
renal tubules from proximal convoluted tubules ( PCT), medul-
lary thick ascending limbs (MAL), CCD, and IMCD (29, 30).
An in situ hybridization study showed the presence of ET- 1
mRNA in glomeruli, vasa recta, and inner medulla (31 ). How-
ever, it is not known if intact renal tubules can produce ET- 1.
Because the plasma concentration of ET- 1 is low, it has been
suggested that ET- 1 is a local hormone rather than a circulating
one (32). Therefore, it would be quite important to know the
local production sites of ET- 1 in order to understand the auto-
crine or paracrine action of ET-I in the kidney.

The purpose of our study was to investigate whether the
nephron segments produce ET- 1. We used two different meth-
ods to determine the sites of ET- 1 production along the
nephron. We examined ET- 1 production in microdissected
nephron segments using RIA, and ET- 1 mRNA distribution
using a polymerase chain reaction technique coupled with re-
verse transcription (RT-PCR).

Messenger RNA Expression and Synthesis ofEndothelin-l in Rat Nephron 1043



Methods

Preparation of tubule suspensions and microdissected nephron seg-
ments. Tubule suspensions were used to determine the time course and
best condition to stimulate ET-l production. Male Sprague-Dawley
rats, weighing 150-250 g, and male New Zealand White rabbits, weigh-
ing 1.5-2.0 kg, were used to make tubule suspensions as previously
described (33). In brief, after perfusion with solution 1, the left kidney
was divided into three parts: cortex, outer medulla, and inner medulla.
Solution 1 contained the following (mM): 130 NaCl, 5 KCI, 1

NaH2PO4, 1 MgSO4, 1 Ca lactate, 2 Na acetate, 5.5 glucose, 5 L-ala-
nine, 2 L-leucine, and 10 Hepes; pH was adjusted to 7.4 by NaOH.
After mincing, each part was incubated in solution 1 with 0.1% BSA
and 0.1% collagenase (Sigma Chemical Co., St. Louis, MO) in the
presence of 100% 02 for 30 min (for cortical tubule suspensions), or 45
min (for outer medullary tubule suspensions), or 60 min (for inner
medullary tubule suspensions). Solution 1 was replaced with solution 2
just before the incubation of tubule suspensions or microdissected
nephron segments. Solution 2 contained the following (mM): 118
NaCl, 25 NaHCO3, 2.5 K2HPO4, 1 MgSO4, 1 Ca lactate, 2 Na acetate,
5.5 glucose, 5 L-alanine, and 2 L-leucine, and was bubbled with 5%
C02/95% 02. Microscopic study showed that tubule suspensions from
cortex, outer medulla, and inner medulla were rich in PCT, MAL, and
IMCD, respectively. To confirm the viability, we measured ANP-sti-
mulated cGMP accumulation and AVP-stimulated cAMP accumula-
tion in tubule suspensions from inner medulla, as described previously
(33, 34).2

Nephron segments were microdissected from Sprague-Dawley rats,
weighing 80-150 g as previously described (33, 34). Microdissected
nephron segments were glomeruli, PCT, MAL, and IMCD. 50-500
glomeruli and 150-350-mm-length tubules were used as one sample to
determine ET-1 production. Since we had to use very long tubules for
the ET-l production study, we combined initial IMCD (iIMCD) and
terminal IMCD (tIMCD) as IMCD. When the tubule length was not
long enough, supernatants were pooled after the incubation until the
total length of tubules became > 150 mm.

Measurements of ET-J production in tubule suspensions and mi-
crodissected nephron segments. Tubule suspensions or microdissected
nephron segments in 100 ,l of solution 2 were transferred to the bot-

tom of a freshly siliconized glass vial. FCS (Gibco, Gaithersburg, MD),
transforming growth factor-,B (TGF-f3) (16 ng/ml) (Collaborative Re-

search, Inc., Bedford, MA), or tumor necrosis factor-a (TNFa) (90
ng/ml) (Hayashi Biochemical Laboratory, Tokyo, Japan) was added

to the solution. The final volume of each sample was 600 or 1,200 MA.

Incubation times were varied from 4.5 to 24 h in tubule suspension
experiments. Microdissected nephron segments were incubated for 16
h. After incubation at 37°C with 5% C02/95% 02, an entire sample
was transferred to a 1.5-ml centrifuge tube and centrifuged for 10 min
at 3,000 rpm. The supernatant was frozen until ET- I was assayed. The
RIA of ET-l was performed using ET- 1-specific antibody after the
extraction of samples (32).

Determination ofET-1 mRNA expression along the nephron. Deter-
mination of ET-1 mRNA along the nephron was performed as previ-
ously described (35, 36). Microdissection oftubules was carried out in
solution 1 containing 10 mM vanadyl ribonucleoside complex (VRC)
(Life Technologies, Gaithersburg, MD), a potent RNase inhibitor. We
dissected the following structures: glomeruli, PCT, MAL, CCD,

2. ANP dose-dependently stimulated cGMP accumulation in tubule
suspensions from inner medulla (3.9+1.8, 17.8+4.6, and 61.2±6.4
fmol/Mg protein/3 min in the absence of ANP, and in the presence of
108 and 10-6M ANP, respectively, n = 4). Dose-dependent AVP-stim-
ulated cAMP accumulation was also observed in tubule suspensions
from inner medulla( 105±20,383±16, and 588+42 fmol/Mgprotein/3
min in the absence of AVP and in the presence of 10-9 and 10-7M
AVP, respectively, n = 4). These data are compatible with previous
data (33) and showed the presence of receptors to ANP and AVP in
tubule suspensions from inner medulla.

OMCD, iIMCD (outer 25%) and tIMCD (inner 75%), as well as the
vasa recta bundle.

Microdissected structures were transferred to another dish filled
with solution 1. Microdissected tubules, glomeruli, and vasa recta bun-
dles were washed free ofcontaminating debris and vanadyl ribonucleo-
side complex, and then they were transferred to the RT-PCR reaction
tubes. The tubules were rinsed three times with 10 A1 of ice-cold solu-
tion 1 containing 1 U/Il of human placental RNase inhibitor and 5
mM DTT (Cleland's Reagent).

Reverse transcription (RT) was performed using a cDNA synthesis
kit. After centrifuge of the reaction tubes, the RNase inhibitor solution
was removed and 9 pl of2% Triton X-100, containing 1 U/,l ofRNase
inhibitor and 2 mM DTT, was added to permeabilize the cells. Then
RT components were added. The composition ofRT components was
as follows: 4 Al ofbuffer I, I Al ofRNase inhibitor, 2 AI ofdeoxynucleo-
tide mixture, 2 ,l ofoligo dT ( 1 5-mer) primer, and 2 ,ul ofavian myelo-
blastoma virus reverse transcriptase. The reaction tubes were incubated
at 42°C for 60 min in the DNA thermal cycler (Astex, Tokyo, Japan).
After this incubation, the tubes were incubated at 90°C for 5 min to
stop the reaction and denature the RNA-cDNA complex. Then each
tube was kept at 4°C until the addition of polymerase chain reaction
(PCR) reagents.

PCR was performed using a DNA amplification reagent kit (Gen-
eAmp; Perklin-Elmer Cetus, Norwalk, CT), with rat preproendothe-
lin- I -specific primers prepared by a DNA synthesizer (Applied Biosys-
tems, Tokyo, Japan). We designed a specific primer that is 20-25 nu-
cleotides in length with 50-60% GC composition. The resultant high
calculated Tm (> 75°C) allows for a stringent annealing temperature
during PCR cycles. The sequence of primer 1 (antisense) was 5'-AA-
GATCCCAGCCAGCATGGAGAGCG-3', which was defined by
675-699 bps (37). The ET primer 2 (sense) encompassed 157-177 bps
and the sequence was 5'-CGTTGCTCCTGCTCCTCCTTGATGG-3'
(37). ET primers 1 and 2 were designed to localize in separate exons
(38). The cDNA amplification product was predicted to be 543 bps in
length. The third oligonucleotide was synthesized to serve as an ampli-
fication product-specific probe. This oligonucleotide (sense) includes
302-321 bps ofcDNA and was positioned between ET primers 1 and 2.
The sequence of this oligonucleotide probe was 5'-CAAAGACCACA-
GACCAAGGG-3'.

To carry out PCR, 80 MI of a PCR master mix was added to each
tube, which contained 20 Ml ofRT reaction buffer. 50 pmol ofprimers
1 and 2 was used for each reaction. The final concentration ofdeoxyn-
ucleotides was 0.2 mM. The composition of reaction buffer was as
follows (mM): 10 Tris-HCl (pH 8.3), 50 KCI, 1.5 MgCl2, and 0.001%
(wt/vol) gelatin. Two and a half units of Taq DNA polymerase was
used for each reaction. 100 ul of mineral oil was overlayed, to prevent
evaporation during the high temperature incubations. The tubes were
placed in the DNA thermal cycler programmed as follows: (a) first
incubation at 94°C for 3 min (initial melt); (b) and then, 40 cycles of
the following sequential steps: 1 min at 94°C (melt), 1 min at 60°C
(anneal), and 3 min at 72°C (extend); (c) final incubation at 72°C for
7 min (final extension). Then the samples were kept at 4°C until PCR
products were assayed.

90 Mil of samples was transferred to new tubes and precipitated by
ethanol. The DNA pellets were resuspended and the PCR products
were size fractionated by agarose gel electrophoresis. After staining by
ethidium bromide, DNA bands were visualized with an ultraviolet
transilluminator (Spectoline; Funakoshi, Tokyo, Japan).

For Southern blot analysis, gels were blotted onto a Gene Screen
(Dupont New England Nuclear, Boston, MA) and were baked at 80°C
for 4 h to fix the DNA. The synthetic oligonucleotide probes described
above were end-labeled with 32P as described previously (35, 36). Pre-
hybridization/hybridization washes were also done as previously de-
scribed (35, 36).

Detection ofET-I mRNA expression in glomeruli andIMCD incu-
bated with FCS and TGF-,3. To see the effect of FCS and TGF-3 on
ET-1 mRNA expression, five glomeruli or 10 mm of microdissected
IMCDs were incubated with or without FCS and TGF-j3 for 6 h. We
also performed RT-PCR of glyceraldehyde-3-phosphate dehydroge-
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nase (GAPDH) as an internal standard. The primers were defined by
the following cDNA base sequence (39): primer 1 (antisense), bases
795-814, sequence, 5'-AGATCCACAACGGATACATT-3'; primer 2
(sense), bases 506-525, sequence 5'-TCCCTCAAGATTGTCAG-
CAA-3'. The predominant cDNA amplification product was predicted
to be 309 bp in length. After RT, a 20-1d sample was divided into 15 Al
for ET- I and 5 ytl for GAPDH. The volume was adjusted to 20 zd with
sterile water. Then parallel PCR reactions were performed as described
above. 30 cycles ofPCR was performed since a previous study showed a
linear relationship between PCR cycles and PCR products (mRNA)
for up to 30 cycles of PCR (36).

Protein assay. The protein contents of tubule suspensions were
determined using a protein assay kit (Bio-Rad Laboratories, Rich-
mond, CA). Albumin was used as a standard.

Statistics. Statistical analysis was performed using analysis of vari-
ance (followed by Dunnet's multiple comparison) or Student's t test. A
P < 0.05 was considered significant. Results were expressed as
mean±SE.

Results

ET-I production by tubule suspensions in the rabbit and rat. In
the presence of 10% FCS, tubule suspensions from rabbit inner
medulla showed a higher ability to produce ET-1 than those
from cortex and outer medulla (0.03±0.03, 0.16±0.14, and
20.9±5.8 pg/mg protein/4.5 h in cortical, outer medullary,
and inner medullary tubule suspensions, respectively, n = 4)
(Fig. 1 a). TGF-3 or TNF-a had no additive effects with FCS
on ET- 1 production.

We next used tubule suspensions from the rat inner me-

dulla, since later experiments use microdissected tubules from
rats. A time course experiment showed that ET-1 production
in inner medullary tubule suspensions increased linearly up to
24 h in the presence of 10% FCS (Fig. 1 b). FCS, up to 15%,
dose-dependently stimulated ET-1 production (Fig. 1 c). In
contrast to rabbit, TGF-,B stimulated ET-1 production in rat
inner medullary tubule suspensions (8.0±1.5, 12.7+1.7, and
7.5±2.3 pg/mg protein/ 16 h in 10% FCS only, FCS + TGF-f,
and FCS + TNF-a, respectively, n = 5, P < 0.05).

ET-I production along the rat nephron segments. From the
results of tubule suspensions, ET-1 production in microdis-
sected nephron segments was measured in the presence of 15%
FCS and TGF-f. ET- 1 production was high in glomeruli and
IMCD (20.4±5.0 fg/glm/16 h and 28.1±12.2 fg/mm/16 h,
respectively, n = 4-5) (Fig. 2). ET-1 production in PCT and
MAL was almost negligible (0.22±0.17 and 0.89±0.77 fg/
mm/ 16 h, respectively, n = 4-5).

ET-I mRNA distribution along the rat nephron segments.
Fig. 3 shows typical results from agarose gel electrophoresis and
Southern blot analysis of amplification products by RT-PCR
ofET- 1 mRNA in microdissected structures. A single band was
consistently found from glomeruli, iIMCD, and tIMCD. This
band was of the predicted size (543 bp). The Southern blots of
the gels demonstrated specific binding of the oligonucleotide
probe to the 543-bp product, confirming its identity. The se-

quences of ET-1 and -2 primers localized to different exons

with the genomic sequence (37, 38). Thus, amplification of
genomic DNA cannot be the predicted size of 543 bp. In the
absence ofRT, the 543-bp band was not seen and there was no

other recognizable band (not shown).
The largest signal was found in the glomeruli among the

nephron segments. Pronounced bands were also detected from
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Figure 1. (a) ET- 1 production in tubule suspensions from cortex,
outer medulla, and inner medulla of rabbits. Tubule suspensions from
three parts of the rabbit kidney were incubated for 4.5 h in the pres-
ence of 10% FCS, 10% FCS plus TGF-,B ( 16 ng/ml), or 10% FCS plus
TNF-a (90 ng/ml). ET-l in the supernatants was measured using
radioimmunoassay. (b) Time-dependent ET-1 production in tubule
suspensions from inner medulla of rats. 10% FCS was present. (c)
Effect of FCS on ET- 1 production by inner medullary tubule suspen-
sions of rats. Tubule suspensions were incubated for 16 h at 37°C.

iIMCD and tIMCD in the predicted size. However, no bands
were found from other nephron segments.

ET-I mRNA induction by FCS and TGF-f3 in rat glomeruli
andIMCD. Fig. 4, a and b, (top panels) shows a typical agarose
gel electrophoresis with the band of predicted size (543 bp).
The middle portion of Fig. 4 shows a Southern blot of the gel.
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Figure 2. ET-1 production-by microdissected glomeruli and nephron
segments. 50-500 glomeruli and 150-350-mm-long nephron seg-
ments (PCT, MAL, and IMCD) were incubated with 15% FCS and
TGF-f (16 ng/ml) for 16 hat 370C (n = 4-5).

Incubation with FCS and TGF-3 caused a significant increase
of ET- 1 PCR product both in glomeruli and IMCD (Fig. 4, a
and b). The internal standard, GAPDH, showed almost the
same intensity with and without FCS/TGF-f3. Thus, FCS and
TGF-,B selectively increases the ET- 1 mRNA level in glomeruli
and IMCD.

Discussion

Our present data clearly show that ET- 1 production occurs in
the glomeruli and the IMCD along the nephron. ET- 1 mRNA
expression determined by RT-PCR, and ET- 1 production as-
sayed by RIA, completely agreed with this conclusion. Taking
into account that the glomeruli and the collecting ducts are the
target sites of ET-1 (2, 3, 11, 13, 14, 20-25), our data suggest
that ET-1 is an autocrine (and paracrine) factor in glomeruli
and IMCD.

ET was originally found in culture medium of vascular
smooth muscle cells ( 1). Epithelial cells as well as endothelial
cells have become known to produce ET- 1 (2, 3, 26-28). Cell
lines, such as MDCK or LLC-PK, cells, have been used to show
that epithelial cells can produce ET- 1. Recently, cultured tubu-
lar cells from PCT, MAL, CCD, and IMCD were also reported

H :I 0 0 0

(D 0- U 0 =*-

to produce ET-1 (29, 30). However, it has not been known
whether intact renal tubules can produce ET- 1. We used an
ET-l-specific antibody for radioimmunoassay (34). There
was almost no cross-reactivity with ET-2 or ET-3. Since the
amount of ET-1 produced by intact nephron segments was
quite small, we had to dissect nephron segments > 150 mm in
length. This small amount of ET- 1 production may indicate
that ET- 1 is important as a local hormone rather than a circu-
lating one.

Recently, Moriyama et al. (35) and Terada et al. (36) intro-
duced a new method to detect specific mRNA in single micro-
dissected renal tubules using RT-PCR. Using this technique,
relative quantitation of mRNA coding for peptide hormone
receptor was performed from only 2-mm-long renal tubules
(36). We did not purify RNA from renal tubules, so genomic
DNA might have contaminated the samples. We designed two
primers to localize in separate exons to distinguish the PCR
amplification product by genomic DNA from cDNA, which is
synthesized by mRNA (38). We could not detect any band
when PCR amplification was performed without RT. This re-
sult indicated the presence of intron sequences between the
primers, which prevented PCR amplification. It seems likely
that the amplification product from genomic DNA is too big
for Taq polymerase to amplify efficiently. Therefore, PCR
products from glomeruli and IMCD must not originate from
genomic DNA but from mRNA.

We used 40 cycles ofPCR to detect ET- 1 mRNA along the
nephron. These reaction conditions should result in maximal
amplification, allowing us to determine whether ET- 1 mRNA
was present in various portions of nephron segments. In con-
trast, we used 30 cycles of PCR to determine the effect of FCS
and TGF-f on mRNA in glomeruli and IMCD, since a pre-
vious study showed that the linearity between PCR cycles and
PCR products (mRNA) was seen at < 30 cycles ofPCR (36).

Histological studies showed that binding sites of ET- 1 are
mainly in glomeruli, IMCD, and the vascular system, and
slightly in proximal tubules (5, 15, 16, 18). Functional studies
showed that the target sites ofET- 1 in the kidney are glomeruli,
whole collecting ducts, and the vascular system (1 1, 13, 14,
20-25). We could not detect ET- 1 mRNA in proximal tubules
and CCD and OMCD. However, immunostaining study ( 18)
showed slight staining of ET- 1-like immunoreactivity in PCT.
The ET- 1-like immunostaining in PCT was mainly in the
most proximal portion of the proximal tubule brush border.
This immunostaining may represent reabsorption of urinary
ET- 1 by the brush border, however, functional effects of ET- 1

C-~-< 0(L

U- o-) ~-(00

Figure 3. ET-l mRNA distribution along rat nephron
segments. Five glomeruli and 2-mm-long nephron seg-

' 543bp ments (PCT, MAL, CCD, OMCD, IMCD) were used for
RT-PCR. The left panel shows the result from agarose
gel electrophoresis, and the right panel shows the South-
ern blot analysis.
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in proximal tubules have been reported ( 19, 40, 41 ). ET- 1 has
been shown to inhibit AVP-stimulated cAMP accumulation
not only in IMCD but in CCD and OMCD (20). ET- 1 may act
as a paracrine factor in proximal tubules and CCD and
OMCD. On the other hand, ET- 1 mRNA and ET- 1 produc-
tion were observed in glomeruli and IMCD, where ET- 1 has
several functional effects. This strongly suggests that ET- 1 is an
autocrine factor in glomeruli and IMCD.

The strongest stimulator of ET- 1 production in vitro was
FCS. ET- 1 production without FCS in tubule suspensions from
inner medulla was quite small. Although a small band ofET- 1
mRNA was observed after the incubation of IMCD without
FCS, the addition of FCS to the incubation medium greatly
increased ET- 1 mRNA expression. Similar effects were ob-
served in glomeruli. It is not known what components in the
serum stimulated ET- 1 production. TGF-f is also known to
stimulate ET- 1 production in several tissues (28, 42, 43). The
plasma ET- 1 concentration increases in several diseases, such
as acute and chronic renal failure, essential hypertension, myo-
cardial infarction, and endotoxin shock (44-49). The sites of
ET- 1 production in these diseases are not known. The vascular
system and glomeruli could be the site of ET- 1 production in
these diseases. Another possibility is that these diseases may
stimulate the production of cytokines, such as interleukin,
TGF-f, or TNF-a, which increase ET- 1 synthesis. In particu-
lar, TGF-3 has been shown to increase in inflammation. AVP
and angiotensin-I1 are also known to stimulate ET- 1 produc-
tion in glomeruli and cultured bovine endothelial cells (50,
5 1 ). It is not known whether IMCD-derived ET- 1 increases in
these diseases. ET- 1 produced by IMCD could be important for
natriuresis and diuresis as an autocrine factor. ET- 1 has been
shown to inhibit AVP-stimulated osmotic water permeability
in tIMCD, and active chloride and water reabsorption in CCD
(24, 25). ET-1 is thought to cause natriuresis by inhibiting
AVP-dependent cAMP accumulation through stimulation of
protein kinase-C in collecting ducts (20). The presence of local
regulation of body fluid homeostasis by ET- 1 in IMCD would
be important for water and electrolyte balance. It would be
quite interesting to know the sites and mechanisms of ET- 1
production in pathophysiological conditions.

In summary, we demonstrated that ET- 1 mRNA, deter-
mined by RT-PCR, and ET- 1 synthesis, assayed by RIA, were
detected only in glomeruli and IMCD among nephron seg-
ments. These data clearly demonstrated that the sites of ET- 1
production along the nephron are glomeruli and IMCD. ET- 1
may act as an autocrine factor in glomeruli and IMCD.
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' 309 lp
Figuire 4. Effect of FCS and TGF-j on ET- 1 mRNA expression in (a)
microdissected glomeruli and (b) IMCD. Five glomeruli or 10-mm
IMCDs were incubated with or without 10% FCS plus TGF-j ( 16
ng/ml) for 6 h before RT-PCR. A shows the result from agarose gel
electrophoresis, B shows the Southern blot analysis. GAPDH is shown
in C of both panels as an internal standard.
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