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Abstract

Recent studies have revealed that endothelins (ETs) have at
least two types of receptors. One receptor has high affinity to
ET-1 and ET-2 and low affinity to ET-3 (A type). The other
receptor binds almost equally to ET-1, ET-2, and ET-3 (B
type). In this study, microlocalization of mRNA coding for the
A-type and B-type ET receptors was carried out in the rat kid-
ney using a reverse transcription and polymerase chain reaction
assay of individual microdissected renal tubule segments along
the nephron, glomeruli, vasa recta bundle, and arcuate arteries.
Large signals for the B-type receptor polymerase chain reac-
tion product were detected in the initial and terminal inner med-
ullary collecting duct and the glomerulus, while small signals
were found in the cortical collecting duct and outer medullary
collecting duct, vasa recta bundle, and arcuate artery. In con-
trast, A-type receptor mRNA was detected only in the glomeru-
lus, vasa recta bundle, and arcuate artery. Thus, the two ET
receptor subtypes are distributed differently along the nephron.
This suggests that the two types of receptors and ET families
may affect kidney functioning in different ways. (J. Clin. In-
vest. 1992. 90:107-112.) Key words: reverse transcription *
polymerase chain reaction * messenger RNA * glomerulus * in-
ner medullary collecting duct

Introduction

Endothelin-1 (ET- 1),' initially described as a 21-amino acid
vasoactive peptide secreted by cultured vascular endothelial
cells (1), is now known to be a family of three distinct peptides
(2). ET- 1 differs in structure from ET-2 and ET-3 by two and
six amino acid residues, respectively (2). Recently, two distinct
ET receptors (ET-Rs) were described (3-5), each belonging to
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1. Abbreviations used in this paper: CCD, cortical collecting duct; ET,
endothelin; ET-R, ET receptor; Glm, glomeruli; GAPDH, glyceralde-
hyde-3-phosphate-dehydrogenase; IMCD, inner medullary collecting
duct; similarly, iIMCD and tIMCD, initial and terminal parts, respec-
tively, of the IMCD; OMCD, outer medullary collecting duct; PCR,
polymerase chain reaction, RT, reverse transcription.

the superfamily of rhodopsin-like receptors, with seven trans-
membrane domains. One receptor (A-type ET-R) binds ET-I
with 2- to 10-fold higher affinity than ET-2 and with > 100-
fold higher affinity than ET-3 (3, 5). The other receptor (B-type
ET-R) has similar affinities for all three peptides (4).
Many reports have been studied the renal action of ET-1.

GFR and renal blood flow decrease and urinary flow rate in-
creases after administration of ET-1 (6). ET-I has also been
reported to influence the function of the glomerulus (7) and
inner medullary collecting duct (8, 9). Autoradiographic study
revealed that the binding sites ofET-I were mainly the glomer-
ulus, vascular system, and renal medulla (10, 1 1). However, the
receptor subtypes are not clear in the binding study. The pres-
ence of ET-R in the kidney has been confirmed by Northern
blot analysis, which revealed that B-type ET-R mRNA was
expressed in rat (4) and human kidney (12). A-type ET-R
mRNA is also present in low amounts in rat (5) and bovine
kidney (3). Because of the heterogeneity of the kidney, the
Northern blot data did not give information about which parts
of the nephron segments or renal structure have these receptor
mRNAs. It seems very important to know the precise localiza-
tion of both types of receptor expression along the nephron
segments and renal vascular system in order to understand the
renal actions of ETs.

Recently, Moriyama et al. (13) and Terada et al. (14) intro-
duced a new method for measurement of relative levels of spe-
cific mRNA in single microdissected renal tubules in using the
polymerase chain reaction (PCR) coupled to reverse transcrip-
tion (RT-PCR). By using this technique, relative quantitation
ofmRNA coding for peptide hormone receptor was performed
from only 2-mm lengths of renal tubules (14).

In the present study, we employed the RT-PCR technique
for the precise localization of A-type and B-type ET-R mRNA
in microdissected renal tubules, glomeruli (Glm), arcuate arter-
ies, and vasa recta bundles.

Methods

Renal tubule microdissection. Male Sprague-Dawley rats weighing 75-
100 g were killed by decapitation. The aorta was cannulated with poly-
ethylene tubing below the left kidney, and the left kidney was perfused
in vivo. The kidney was perfused initially with 10 ml ofice-cold dissec-
tion solution (solution 1) and then with 10 ml of the same solution
containing 1 mg/ml collagenase (collagenase solution) (type I, 300 U/
mg, Sigma Chemical Co., St. Louis, MO) and 1 mg/ml BSA (Sigma
Chemical Co.). The dissection solution (solution 1) contained the fol-
lowing (mM): 135 NaCI, 1 Na2SO4, 1.2 MgSO4, 5 KC1, 2 CaCl2, 5.5
glucose, and 5 Hepes (pH 7.4).

The left kidney was removed and a coronal section was made that
contained the entire corticopapillary axis. This section was cut into
four pieces: cortex, outer medulla, the outer 25% ofinner medulla, and
the inner 75% of inner medulla. These pieces were transferred into
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individual tubes containing 1 ml of the same collagenase solution that
was used to perfuse the kidney. The tubes were incubated for 30 min
(cortex and outer medulla) or 40 min (inner medulla) at 370C in a
shaking water bath. The solutions were bubbled with 100% oxygen
during these incubations. Then tissues were transferred to the dissec-
tion solution containing 10mM vanadyl ribonucleotide complex (Life
Technologies Inc., Grand Island, NY), a potent ribonuclease (RNase)
inhibitor, and they were placed on ice until microdissection.

Following previously described techniques ( 14), we microdissected
the following structures: Glm, proximal convoluted tubule (PCT), cor-
tical collecting ducts (CCD), arcuate artery, outer medullary collecting
duct (OMCD), outer medullary thick ascending limb (MTAL), outer
medullary vasa recta bundle, the initial part ofinner medullary collect-
ing duct (iIMCD), and the terminal part of inner medullary collecting
duct (tIMCD). In the dissection ofglomeruli, care was taken to remove
all attached pieces of tubule, as well as afferent and efferent arterioles.
PCT and CCD segments were obtained from medullary rays in cortical
slices. The arcuate arteries were dissected from the junction of cortex
and outer stripe of the outer medulla. MTAL, OMCD, and vasa recta
were dissected from the inner stripe of outer medulla. The IMCD seg-
ments were dissected from the outer 25% of inner medulla (iIMCD)
and the inner 75% of inner medulla (tIMCD).

The lengths of the dissected tubules were measured using a cali-
brated eyepiece micrometer. Generally, 2-mm lengths of the renal tu-
bule segments or arcuate arteries were transferred to each assay tube, as
indicated. Because it was impossible to separate individual vasa recta in
a microdissected vascular bundle, we transferred entire bundles into
the assay tubes for the RT-PCR procedure.

Microdissected structures were transferred to a separate wash-dish
using a bent, polished, Pasteur pipette coated with 0.1% BSA (RNase-
free, Boehringer Mannheim, GmBH, Mannheim, FRG). This wash-
dish contained 10 ml of the dissection solution. Microdissected tu-
bules, Glm, and arcuate arteries and vasa rectas were washed free of
contaminating debris and vanadyl ribonucleotide complex. These
structures were transferred into the appropriate RT-PCR reaction tube,
which contained 10 gl of ice-cold dissection solution containing > 1
U/Ml of human placental RNase inhibitor (Boehringer Mannheim
GmBH) and 5 mM DTT (Sigma Chemical Co.).

RT. RT was performed using a cDNA synthesis kit (Boehringer
Mannheim GmBH). The RNase-inhibitor solution was removed and 9
,ul of2% Triton X- 100, containing > 1 U/Ml of RNase-inhibitor, 5 mM
DTT, and 3 U RNase-free DNase (Pharmacia Fine Chemicals, Div. of
Pharmacia Inc., Piscataway, NJ) was added to permeabilize the cells,
followed by incubation at 37°C for 30 min to digest the genomic DNA.
The samples were heated to 90°C for 5 min to inactivate the DNase.
RT components were added to the reaction tubes as described previ-
ously (14) (,ul): 4 buffer I, 1 RNase inhibitor, 2 deoxynucleotide mix-
ture, 2 random primer, and 2 avian myeloblastoma virus reverse tran-
scriptase. Reaction tubes were incubated at 42°C for 60 min in the
Programmed Tempcontrol System (Astec, Tokyo, Japan). At the end
of the incubation period, the reaction was stopped by heating at 90°C
for 5 min. This heat treatment also denatures RNA-cDNA hybrids and
inactivates the reverse transcriptase. Then the reaction tubes were
placed on ice until the addition ofPCR reagents.

PCR. PCR was performed using the GeneAmp DNA Amplifica-
tion Reagent Kit (Perkin-Elmer, Cetus Corporation, Emeryville, CA),
with rat A-type ET-R- and B-type ET-R-specific primers prepared on
a DNA synthesizer (Applied Biosystems, Tokyo, Japan). We designed
specific primers 20-25 nucleotides in length with 50-60% GC compo-
sition. The resultant high calculated melting temperature (> 75°C) al-
lows a stringent annealing temperature in the PCR cycle. A-type ET-R
primer 1 (antisense) was defined by bases 1172-1191, and primer 2
(sense) encompassed bases 405-424 (5). The sequence ofA-type ET-R
primer 1 was 5'-CGAGGTCATGAGGCTTTTGG-3'; primer 2 was 5'-
GTGTTTAAGCTGTTGGCGGG-3'. The predominant cDNA am-
plification product was predicted to be 787 bp in length (the distance
between primers plus primer length). A third oligonucleotide was syn-
thesized to serve as an amplification product-specific probe. This oligo-

nucleotide (sense) included bases 691-710 of the cDNA, positioned
between primer 1 and primer 2. The sequence of this oligonucleotide
probe was 5'-TACAAGGGCGAGCAGCACAG-3'.

B-type ET-R primer 1 (antisense) was defined by bases 1418-1439,
and primer 2 (sense) encompassed bases 521-545 (4). The sequence of
B-type ET-R primer 1 was 5'-TGCACACCTTTCCGCAAGCACG-3';
primer 2 was 5'-AGCTGGTGCCCTTCATACAGAAGGC-3'. The pre-
dominant cDNA amplification product was predicted to be 919 bp in
length. A third oligonucleotide was synthesized to serve as an amplifi-
cation product-specific probe. This oligonucleotide (sense) included
bases 602-621 of the cDNA, positioned between primer 1 and primer
2. The sequence of this oligonucleotide probe was 5'-CTGTTGCTTC-
TTGGAGTCGA-3'.

RT and PCR of glyceraldehyde-3-phosphate-dehydrogenase (GA-
PDH) served as a positive control. The primers were defined by the
following cDNA base sequences (15): primer 1 (antisense), bases 794-
813, sequence 5'-AGATCCACAACGGATACATT-3'; primer 2
(sense), bases 506-525, sequence 5'-TCCCTCAAGATTGTCAGCAA-
3'. The cDNA amplification product was predicted to be 309 bp in
length. When we used GAPDH as an internal control primer, after RT,
we divided 20-Al samples to 15 ,l for A-type or B-type ET-R and 5 ,l
for GAPDH. The volume was adjusted to 20 Ml with sterile water. Then
we ran parallel PCR reactions with each set of primers.

To confirm that there is no cross-contamination ofIMCD or glo-
merulus to other nephron segments, we used aldose reductase as a

specific nephron marker. Aldose reductase was reported to be present
in IMCD, inner medullary thin limb, and glomerulus (13, 16). The
primers were defined by the following cDNA base sequences (13):
primer 1 (antisense), bases 1276-1300, sequence 5'-CCCCCATAG-
GACTGGAGTTCTAAGC-3'; primer 2 (sense), bases 631-655, se-

quence, 5'-ACTGCCATTGCAAAGGCATCGTGGT-3'. The cDNA
amplification product was predicted to be 670 bp in length.

To carry out the PCR, 80 ,l of a PCR Master mix (Perkin-Elmer
Cetus Corp., Emeryville, CA), prepared immediately before and con-

taining all PCR components, was added to each tube directly. Total
PCR volume was then 100 Ml including the original 20 Ml of RT reac-

tion. 50 pmol of each of primers 1 and 2 was used per reaction for both
A-type and B-type ET-R. Deoxynucleotides were added to a final con-
centration of 0.20 mM each. Reaction buffer (l OX) was diluted (1/ 10)
to have a final composition of 10 mM Tris-HCl, pH 8.3; 50 mM KCl;
1.5 mM MgCl2; and 0.001% (wt/vol) gelatin, 2.5 U ofTaq DNA poly-
merase.

100 Ml of mineral oil was overlayed to prevent evaporation during
the high temperature incubations. The tubes were placed in the Pro-
grammed Tempcontrol System (Astec) programmed as follows: (a) in-
cubation at 94°C for 3 min (initial melt); (b) 30 cycles of the following
sequential steps: 94°C for 1 min (melt); 60°C for 1 min (anneal); 72°C
for 3 min (extend). (c) incubation at 72°C for 7 min (final extension).
Then samples were kept at 40C until the time of analysis.

PCR product analysis. 90 ,l of the total reaction volume was eth-
anol precipitated (17). The PCR products were size-fractionated by
agarose gel electrophoresis. After electrophoresis and ethidium bro-
mide staining, DNA bands were visualized with an ultraviolet transillu-
minator (Funakoshi, Tokyo, Japan).

For Southern blot analysis, gels were denatured, neutralized, and
blotted onto a nitrocellulose filter (Funakoshi) essentially as described
by Maniatis et al. (17), with 20X standard sodium citrate (SSC; compo-
sition [M] 3 sodium chloride, 0.3 sodium citrate, pH 7.0) as the transfer
buffer. Blots were baked at 800C for 4 h to fix the DNA. The synthetic
oligonucleotide probes were end-labeled with 32P as described previ-
ously (14). Prehybridization/hybridization washes were also the same

as previously described (14).
To confirm that the PCR products were really A-type and B-type

ET-R cDNAs, the PCR products were sequenced. PCR products from
Glm were separated by gel electrophoresis. PCR products of A-type
and B-type ET-R were subcloned into pGEM-3Zf(-) vector (Promega
Boitec, Madison, WI), then sequenced using the dideoxynucleotide
chain-termination reaction of Sanger et al. ( 18).
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Relative-quantitation ofmRNA levels from autoradiographs. The
PCR products of B-type ET-R were detectable from several nephron
segments. The relative amount of PCR products was determined by
densitometer scanning of autoradiographs using a laser densitometer
(Hoeler Scientific Instruments, San Francisco, CA). Each RT-PCR ex-
periment included one or more tIMCD samples. For relative quantita-
tion, we used the densitometry value from the tIMCD samples as an
internal standard (100%) and calculated the percentage of the tIMCD
value for each segment.

To test the relationship between the quantity of starting material
and that of amplification product as reflected by densitometry values,
we compared amplification products from one, three, and five Glm.

Statistics. The results were given as mean ±SEM. The differences
were tested using analysis of variance. P < 0.05 was considered signifi-
cant.
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Results

Relationship between the quantity ofstarting material and that
ofamplification product (Fig. 1). We compared amplification
products from one, three, and five Glm. A typical gel is shown
in the upper portion ofFig. 1. Assigning the five-Glm sample as
an arbitrary unit of 100, the values obtained were
(mean±SEM, n = 5) 25.5±4.8 (one glomerulus) and 68.9±5.7
(three Glm). Linear regression analysis showed a high corre-
lation between densitometry values and the numbers ofGlm (r
= 0.99).

Distribution ofA-typeET-R mRNA in microdissected struc-
tures (Fig. 2). Each reaction was performed using either 2 mm
of tubule length, 5 Glm, a single vasa recta bundle, or a 2-mm
length of arcuate artery. A single band of predicted size (787
bp) was consistently found from the Glm, vasa recta, and ar-
cuate artery (Fig. 2 A). The Southern blots of the gels demon-
strated specific binding ofthe oligonucleotide probe to the 787-
bp product (Fig. 2 B). We confirmed that the PCR product has
identical sequence to A-type ET-R cDNA by sequencing the
subcloned PCR product. When the PCR procedure was carried
out in the absence ofreverse transcriptase, the 787-bp band was
not seen and there was no other recognizable band. This indi-
cated that the 787-bp band originated from mRNA, not from
genomic DNA, which was presumably digested by DNase
treatment. No band for A-type ET-R was detectable from any
tubule segments. Therefore, we did not do relative-quantitative
analysis of the PCR products for A-type ET-R. The amplifica-

B

C
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Figure 2. Detection of A-type ET-R mRNA in microdissected renal
structures by RT-PCR. (A) Ethidium bromide stained agarose gels
for A-type ET-R. The arrow indicates expected PCR product size (787
bp). (B) Autoradiograms ofcorresponding Southern blots for A-type
ET-R. The blots were probed with a 32P-labeled oligonucleotide that
localized between the PCR primers. (C) Ethidium bromide-stained
agarose gel of GAPDH as positive control primers. The arrow indi-
cates expected PCR products size (309 bp).

Figure 1. Densitometric
analysis of the relationship
between the quantity of
starting material and the
resulting amplification
product for B-type ET-R
mRNA. The upper portion
ofthe figure is a typical au-
toradiogram. From left to
right, the band originated
from one, three, and five
glomeruli. The data are the
mean ± SEM of five exper-
iments from five rats. An
arbitrary value of 100 was
assigned to the sample rep-
resenting five glomeruli.

tion product ofGAPDH was detected from all renal structures
at predicted size (309 bp) and served as a positive control for
the RT-PCR reaction (Fig. 2 C).

Distribution ofB-typeET-R mRNA in microdissectedstruc-
tures (Fig. 3). A single band was consistently found from the
Glm, iIMCD, tIMCD, OMCD, CCD, MTAL, and vasa recta
for B-type ET-R (Fig. 3 A). This band was the predicted size
(919 bp). The Southern blots ofthe gels demonstrated specific
binding of the oligonucleotide probe to the 919-bp product
(Fig. 3 B). We confirmed that the PCR product has identical
sequence to B-type ET-R cDNA by sequencing the subcloned
PCR product. When the PCR procedure was carried out in the
absence of reverse transcriptase, the 91 9-bp band was not seen
and there was no other recognizable band. Among renal tubule
segments, the largest signal was consistently found in tIMCD.
Furthermore, a large signal was consistently seen in iIMCD,
and Glm. CCD and OMCD also showed pronounced bands.
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Figure 3. Detection of B-type ET-R mRNA in microd
structures by RT-PCR. (A) Ethidium bromide-stained,
for B-type ET-R. The arrow indicates expected PCR pro
bp). (B) Autoradiograms ofcorresponding Southern blol
ET-R. The blots were probed with a 32P-labeled oligon
localized between the PCR primers. (C) Ethidium bromi
agarose gel of GAPDH as positive control primers. Th4
cates expected PCR products size (309 bp). (D) Ethidiu
stained agarose gel of aldose reductase as a specific nephr
The arrow indicates expected PCR products size (670 bi

Small but detectable bands were observed from MTAL, vasa

recta bundle, and arcuate artery (not shown in Fig. 3). The
amplification product ofGAPDH was detected from all renal
structures at predicted size (309 bp) and served as a positive
control for the RT-PCR reaction (Fig. 3 C). Because we found
the largest PCR signals of B-type ET-R from IMCD and glo-
merulus, cross-contamination of IMCD and glomerulus to
other segments might cause false positive results. Distribution
of aldose reductase mRNA, which was reported presented in
IMCD, inner medullary thin limb, and glomerulus (13, 16),
was studied to rule out the possibility that other segments were

contaminated by IMCD or glomerulus. As shown in Fig. 4 D,
we did not detect any aldose reductase band in other segments.
This suggested that there was no detectable cross-contamina-
tion between these segments. We detected a positive band of
aldose reductase in the vasa recta bundle. However, the sample
probably included medullary thin limbs because it is almost
impossible to microdissect only vasa recta.

Relative levels of the B-type ET-R amplification products
among the nephron segments (Fig. 4). The densitometer values
are presented as percentages of the tIMCD value measured in

Figure 4. Relative quantitation of B-type ET-R mRNA in renal
nephron segments. The values for each segment are expressed as a

309 bp percentage oftIMCD values obtained in the same amplification run.
<3 0 TPhe total number ofeach segment is five experiments from five rats.

The value obtained from PCT was not significantly different from
zero (indicated as *). GIm, glomerulus; PCT, proximal convoluted
tubule; MTAL, medullary thick ascending limb; CCD, cortical col-
lecting duct; OMCD, outer medullary collecting duct; iIMCD, initial

< 670 bp inner medullary collecting duct; tIMCD, terminal inner medullary
collecting duct.

[issected renal the same experiment. Among collecting duct segments, the val-
agarose gels ues were CCD, 6.8±2.0% (n = 5); OMCD, 8.8±2.4%; and
Aduct size (919 iIMCD, 53.8±7.1%. In proximal convoluted tubules, the signal
ts for B-type was 0.3±0.1%; this value was not significant from zero. The
ucleotide that values in MTAL were 2.8±0.5%. The signal from five Glm
ide-stained gave a relatively large signal, 28.5+5.6%, compared with the

e arrow indi- signal from 2-mm tIMCD.
im bromide-
ron marker.
p). Discussion

The sites of action ofET along the nephron have not been well
defined. Our results show that the highest PCR signals for B-
type ET-R were present in iIMCD and tIMCD. Moderate sig-
nals were obtained from the CCD and OMCD. These results
suggest that the B-type ET-R may have a physiological func-
tion in the collecting duct system. We also detected significant
signals from glomeruli for both A-type and B-type ET-R. We
detected mainly A-type ET-R signal from the vasa recta bundle
and from arcuate arteries.

ET increases urinary flow rate despite a decrease in GFR
and renal blood flow (6). ET increases renal vascular resistance
and contracts glomerular mesangial cells. These reports suggest
that ET may influence glomerular function (7). Our results
show that the glomerulus has both types ofET-R mRNA. The
functional difference between A-type and B-type ET-R is not
known, but the glomerular actions of ET may be the result of
both A-type and B-type receptor functions. Another work indi-
cated that ET decreased urinary sodium excretion, urine osmo-
lality, and osmolar clearance, and increased free water clear-
ance (19). Recently, we reported that ET specifically inhibited
vasopressin-dependent cAMP accumulation in CCD, OMCD,
and IMCD (20). Zeidel et al. (9) reported that ET inhibited
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Na-K-ATPase activity in IMCD cells. These reports suggest
that ET has physiological roles in the distal nephron segments.
We also reported that ET inhibited fluid absorption in rat CCD
(20) and also inhibited arginine-vasopressin-stimulated os-
motic water permeability in rat tIMCD (21). From our results,
PCR signal for B-type ET-R was abundant in these segments,
especially in initial and terminal IMCD, although we were not
able to detect A-type ET-R signal from these segments. It seems
likely that the ET has effects on the distal segments through
B-type ET-R, but not A-type ET-R.

Many papers have reported on the renal binding sites of
radiolabeled ET. Koseki et al. (10) found a high density ofET
binding sites in the arcuate artery, vascular bundle, glomerulus,
and papilla. Kohzuki et al. ( 11) reported similar results, show-
ing that ET binding sites were present in the glomerulus, vascu-
lar system, and medulla. These binding studies used only radio-
labeled ET- 1, so these results could not distinguish between
A-type and B-type ET-R. Although all ofthese reports demon-
strated binding sites in renal papilla, it seemed difficult to de-
termine whether the signals were from medullary collecting
tubules or vasa recta. The advantage of our method is that we
were clearly able to distinguish A-type and B-type ET-R be-
cause we selected specific primers for each receptor. In addi-
tion, we used microdissected identified structures, so it was
relatively clear to determine which segments had signals. From
our results, we can speculate the results of previous reports as
follows: the bindings to the glomerulus are a combination of
A-type and B-type ET-R, those to the vascular system represent
mainly A-type ET-R, and those to the medulla are a combina-
tion of two signals, namely, B-type ET-R of medullary renal
tubules and A-type ET-R of the vasa recta bundle.

The functional difference between A-type and B-type ET-R
has not been well studied. ETs may elicit biological responses
by various signal transduction mechanisms, including G pro-
tein-coupled activation of phospholipase C and phosphatidyl-
inositol hydrolysis, and increasing cytosolic Ca2+ concentra-
tion in target cells (22). The possibility ofanother transduction
system was also reported. ETs cause not only vasoconstriction,
but also transient vasodilation, which may be evoked partly
through the production ofendothelium-derived relaxing factor
(2, 23). Recently, Emori et al. (24) reported that ET-3 stimu-
lates production of endothelium-derived nitric oxide in cul-
tured bovine endothelial cells.

To understand the functional difference between A-type
and B-type receptors, it is important to know the organ-specific
mRNA expressions of each receptor. The mRNA for A-type
and B-type ET-R shows different tissue distribution. B-type
ET-R is widely expressed in brain, placenta, kidney, and a
small amount in aorta (12) but is undetectable in a vascular
smooth muscle cell line (A-10 cell) (4). By contrast, A-type
ET-R mRNA is detected in heart, lung, brain, kidney, and
aorta but is not expressed in endothelial cells (25). These re-
ports suggest that the B-type ET-R is expressed in vascular
endothelial cells, where it possibly mediates the release ofendo-
thelial-derived relaxing factor and prostacyclin (1, 12, 26). ET
has also been reported to stimulate prostaglandin E2 and in-
hibit Na-K-ATPase activity (9). Our data showed that renal
tubules express only B-type ET-R. Therefore, the renal tubular
actions of ET may be mediated through endothelial-derived
relaxing factor and prostacyclin, besides increasing cytosolic
Ca2+ concentration.

Our approach to relative quantitation of the B-type ET-R
PCR amplification product was to run Southern blots of the
amplified cDNA using a 32P-labeled hybridization probe and
then to assess the amount ofbound radioactivity by densitome-
try of the resulting autoradiograms. The tIMCD consistently
gave a large signal that was relatively invariant between repli-
cates from experiment to experiment. Therefore we used the
signal oftIMCD as an internal standard and expressed the den-
sitometry values of other segments as percentages of tIMCD.
For A-type ET-R, we detected positive signals only from the
vascular system. We did not try relative quantitation of the
signal because the anatomical structures of the glomerulus, ar-
cuate artery, and vasa recta are completely different.

Other approaches to relative or absolute quantitation have
been previously proposed, including competitive PCR (27) and
PCR-aided transcript titration assay (PATTY) (28). Competi-
tive PCR used a competitor cDNA whose sequence is the same
as that of the target, except for the addition of either a short
intron or an internal restriction enzyme target site. The compet-
itor is added to the same samples and is coamplified, then the
unknown samples are compared with the product of internal
standard. This method does not account for the efficiency of
the reverse transcription step and can give only relative, rather
than absolute, quantitation ofthe number ofmRNA molecules
originally present. PCR-aided transcript titration assay is simi-
lar to competitive PCR, except that the internal standard is
RNA that differs from the target mRNA by a single base substi-
tution, creating a restriction site that allows it to be distin-
guished from the target. This method can potentially yield ab-
solute quantitation ofthe specific target mRNA. However, it is
unclear whether this approach would give adequate quantita-
tion in microdissected tubules, because the efficiency of RT
may be different between endogenous mRNA and the exoge-
nous standards.

We chose a simple approach to relative quantitation rather
than any of the complicated alternatives for several reasons.
The ability of any method to yield absolute quantitation re-
mains in question and would have to be carefully documented.
The value of knowing the absolute number of mRNA mole-
cules present in a given cell may be extremely limited for most
physiological questions because there is presently no way to
relate this number to the ultimate functional expression of the
gene product.

We believe that our method gives a relative measure of the
amount of specific B-type ET-R mRNA initially present in the
cells. This conclusion is based on the observation that there is
an approximately linear relationship between the number of
glomeruli used for the assay (i.e., the amount of starting mate-
rial) and the value obtained from densitometry of the amplifi-
cation product band.

In summary, our data show that B-type ET-R mRNA dis-
tributes mainly in the collecting ducts and glomeruli, whereas
A-type receptor mRNA is present only in the vascular system
and glomeruli. This different distribution oftwo-type receptors
suggests that two-type receptors and ET families play different
roles to modulate renal functions.
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