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Ubiquitous localization of leukotriene A, hydrolase in the rat nephron.

Background. Leukotriene (LT) B, is a well-known inflammatory
mediator and is implied to play some roles in glomerulonephritis.
Although LTA, hydrolase, a final-step key enzyme to produce LTB,,
is located in glomerular mesangial cells, as well as in leukocytes, plate-
lets, and endothelial cells, its precise distribution in the kidney other
than in mesangial cells remains unknown. Therefore, we have investi-
gated the localization of mRNA, protein, and enzyme activity of LTA,
hydrolase in the rat kidney.

Methods. Microdissection reverse transcriptase—polymerase chain
reaction was used for the determination of LTA, hydrolase mRNA.
The enzyme protein was detected by Western blot, and immunohisto-
chemistry was performed. Finally, LTA, hydrolase activity and LTB,
were assayed in kidney tissues.

Results. LTA,hydrolase mRNA was detectable in all microdissected
nephron segments of the cortex and outer medulla. The corresponding
size of ~ 70 kDa protein was shown in descending order in the inner
medullary > outer medullary = cortical homogenates. The immunohis-
tochemical study demonstrated the ubiquitous presence of the enzyme
in all nephron segments of cortex, outer medulla, and inner collecting
tubules. LTA, hydrolase activity was detected in the inner medullary =
outer medullary = cortical tissue homogenates. LTB, was demon-
strated in the inner medullary > outer medullary = cortical tissues
during the basal condition, and was time-dependently increased by
stimulation with arachidonic acid and ionomycin in the cytosolic frac-
tion from outer medulla and in the glomerular suspension.

Conclusions. These results strongly suggest that renal tubular cells
as well as glomerular cells have an LTB,-forming potency, which may
participate in physiological and pathophysiological roles in the kidney.

Leukotriene (LT) B, is a bioactive lipid mediator with
chemotactic and chemoattracting activities on leuko-
cytes, and thereby participates in various inflammatory
diseases [1, 2]. It also has been reported to play an impor-
tant role in some animal models of glomerulonephritis
[3, 4]. The initial step of LTB, biosynthesis is a liberation
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of arachidonic acid from membrane phospholipids by
the action of phospholipase A,, and the resultant free
arachidonic acid is converted to LTB, by the sequential
action of 5-lipoxygenase (LO) with 5-LO-activating pro-
tein and LTA, hydrolase [5, 6]. The key enzyme for LT’s
formation, 5-LO, biosynthesizes LTA, and is thought to
be exclusively present in leukocytes. Red blood cells and
platelets are known to form LTB, by the transcellular
metabolism of LTA, hydrolase generated in leukocytes
[7, 8]. It has been reported that isolated rat renal glomer-
uli possess synthetic LTB, potency [9, 10] such that im-
mune-injured isolated glomeruli release a high amount
of LTB, [3], and that the depletion of resident macro-
phages in the glomeruli reduces LTB, generation [11].
These results suggest that LTB, can be synthesized by
resident glomerular macrophages/monocytes. However,
LTB, biosynthetic pathways in other cellular compo-
nents in the kidney, such as tubular cells and interstitial
cells, have not been reported.

In this study, we demonstrate a ubiquitous distribution
of LTA, hydrolase mRNA, the enzyme protein, and the
enzyme activity in tubular as well as in glomerular cells
of the rat kidney. We also detected a comparative
amount of LTB, in rat kidney tissues during both the
basal and stimulated conditions.

METHODS
Material

Collagenase (type 1) was the product of Sigma (St.
Louis, MO, USA). Avian myeloblastosis virus (AMV)
reverse transcriptase, random hexamer, ribonuclease
(RNase) inhibitor, “DNA tailing kit,” digoxigenin (DIG)-
dUTP, positively charged nylon membrane, chemilumi-
nescent DIG detection kit, and DIG-labeled DNA
weight marker (pBR328 Bgl/ I+ pBR328 Hif 1) were
purchased from Boehringer Mannheim (Mannheim, Ger-
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many). Taq polymerase was purchased from Takara
Shuzo (Kyoto, Japan). NuSieve 3:1 agarose was the prod-
uct of FMC BioProducts (Rockland, ME, USA). Oligo-
nucleotides used for polymerase chain reaction (PCR)
and Southern hybridization were synthesized by Funa-
koshi Co. Inc. (Tokyo, Japan).

Microdissection

Male Sprague-Dawley rats (5 to 7 weeks old) were
used in this study. Microdissection of nephron segments
was performed as previously reported [12]. In brief, the
left kidney was perfused from the abdominal aorta with
amicrodissection solution (containing 137 mm NaCl, 4 mm
KCl, 1 mm CaCly,, 1 mm KH,PO,, 1 mm MgSO,, 5 mm
glucose, 5 mm lactate, and 10 mm N-2-hydroxyethylpiper-
azine-N'-2-ethanesulfonic acid, as well as 0.1% bovine
serum albumin, and pH adjusted to 7.4 by NaOH) con-
taining 0.1 % collagenase and was cut with a razor blade,
and a tissue slice was incubated with collagenase for 30
minutes at 37°C. In a microdissection solution (4°C), the
nephron was dissected into eight segments: glomerulus,
proximal convoluted tubule, proximal straight tubule,
medullary thick ascending limb, cortical thick ascending
limb, distal convoluted tubule, cortical collecting duct,
and outer medullary collecting duct. These nephron seg-
ments (20 glomeruli or about 2-3 mm of each tubular
segment) were rinsed carefully in another dish and were
transferred into a 500 wl tube. Then, 100 pl of a denaturing
solution [4 M guanidinium thiocyanate, 25 mm sodium
citrate (pH 7), 0.5% sarcosyl, and 0.1 M 2-mercaptoetha-
nol] were added, and the tube was well vortexed. Five
micrograms of tRNA were added as carrier, and nucleic
acids were precipitated with ethanol (200 wl) in the pres-
ence of 10 pl of 3 M sodium acetate (pH 5.3). After
precipitation at —20°C, the tubes were centrifuged, and
the pellets were rinsed once with 70% ethanol and air
dried. Both RNA and DNA in the sample were totally
recovered by this procedure.

Reverse transcription—polymerase chain reaction and
sequence analysis of the RT-PCR product

Reverse transcription—polymerase chain reaction (RT-
PCR) was performed using precipitated nucleic acid
from microdissected segments as previously reported,
with minor modification [13]. The dried pellet was dis-
solved in the RT solution, and it was divided into two
aliquots: one for LTA, hydrolase and the other for
B-actin (positive) or RT (negative) control. After the addi-
tion of 0.5 pl of AMV reverse transcriptase (or 0.01%
gelatin as a negative control) to each tube, RT was per-
formed at 42°C for 60 minutes. The final volume of RT
buffer was 10 pl, and its composition was 10 mm Tris-HCl
(pH 8.3), 50 mm KCI, 10 mm MgCl,, 1 mm dithiothreitol, 1
mMm dNTP, 4 uMm random hexamer, 2 unit/pwl RNase inhibi-
tor, 1.25 units/pl AMV. The sequence of sense PCR

primer (SE) was 5'-CAGTCACAGGAGGATAAT-3',
which corresponds to bases 131 to 148, and that of anti-
sense primer (AS) was 5-GGAGTGAGCCACTGA
AGG-3', which corresponds to bases 346 to 363 of rat
LTA, hydrolase cDNA [14]. The sense PCR primer of
B-actin was 5'-TCCTAGCACCATGAAGATC-3', cor-
responding to bases 2845 to 2863 (exon 5 of rat B-actin
gene), and the antisense PCR primer of B-actin was
5'-AAACGCAGCTCAGTAACAG-3', corresponding
to bases 3140 to 3158 (exon 6 of rat B-actin gene) [15].
These combinations of primers were designed to span
introns so that the PCR products of the expected size
were exclusively amplified from the cDNA, which had
been reversely transcribed from the specific mRNA. The
predicted size of RT-PCR product from cDNA of rat
B-actin and LTA, hydrolase is 190 bp [13] and 233 bp,
respectively. The final volume of PCR mixture was 50
wl, and the composition was as follows: 10 mm Tris-HCI
(pH 8.3), 50 mm KCI, 2 mm MgCl,, 200 nm each sense
and antisense primers, 0.2 mm dNTPs, and 0.025 unit/pl
Taq polymerase. The PCR conditions were as follows:
40 cycle of 94°C (30 seconds), 59°C (20 seconds), 72°C
(10 seconds) for LTA, hydrolase, and 32 cycle of 94°C
(30 seconds), 59°C (30 seconds), and 72°C (30 seconds)
for B-actin. The RT-PCR product corresponding to the
LTA, hydrolase mRNA from rat kidney was directly
sequenced from both directions using a 373 Sequencer
(Applied Biosystems, Foster City, CA, USA) with the
same primers as those used for PCR.

Southern hybridization

Ten microliters of each PCR product was detected by
Southern hybridization after electrophoresis [13]. For
Southern hybridization, PCR products were electropho-
resed on NuSieve 3:1 agarose gel and blotted to a nylon
membrane using 20 X 3 M NaCl, 0.3 M sodium citrate,
pH 7.0 (SSC) after alkalization. The oligonucleotide
probe, in which the sequence was 5'-TCAACGGAC
AAGAAGTCAAATACACTCTTG-3" corresponding
to bases 200 to 230 of rat LTA, hydrolase mRNA, was
labeled with DIG-dUTP using a DNA tailing kit. Hybrid-
ization of DIG-labeled oligonucleotide was performed
at 65°C for 12 hours. The hybridized nylon membrane
was washed in 2 X SSC at room temperature for 10
minutes and then in 0.1 X SSC at 65°C for 30 minutes.
The hybridized bands were detected using a DIG lumi-
nescent detection kit following the manufacturer’s in-
structions.

Western blotting analysis

Rats were killed under anesthesia with intraperitoneal
injection of pentobarbital, and lungs and kidneys were
removed after perfusion with Hank’s buffered solution
(138 mm NaCl, 4 mm NaHCO;, 0.3 mm Na,HPO,-7H,0,
5.0 mm KCI, 0.3 mm KH,PO,, 1.3 mm CaCl,, 0.5 mm
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MgCl,-6H,0, 0.4 mm MgSO,-7H,O, pH 7.4) from the ab-
dominal aorta. Kidney tissue was separated into three
parts: cortex, outer medulla, inner medulla. Glomeruli
were collected by sieving methods from the renal cortex.
Each tissue was homogenized with three volumes of
phosphate-buffered saline containing 10 mm ethylenedi-
aminetetraacetic acid and using a microhomogenizer;
this was then centrifuged 10,000 X g at 4°C for 15 min-
utes. The supernatants (100 wg) were subjected to so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(10% polyacrylamide gel) [16] and were transferred to
a nitrocellulose membrane. The membrane was blocked
with Block Ace (Yukijirushi, Hokkaido, Japan) and then
was incubated with the affinity-purified antihuman LTA,
hydrolase antibody (2 pg/ml as IgG), and finally, the
membrane was incubated with affinity-isolated antirab-
bit IgG conjugated with horseradish peroxidase (1:5000
dilution). The immunoreactive bands were visualized
with 3,3’-diaminobenzidine and hydrogen peroxide as
substrates [17].

Immunohistochemical staining

Immunohistochemical staining was performed by the
methods described previously [17], with slight modifica-
tions. The kidney removed by the method described
earlier here was fixed with 20% (wt/vol) neutral-buffered
formalin and was embedded in paraffin. Tissue blocks
were sliced into 6 pm coronal sections and mounted
on Polypep glass slides (Sigma). After deparaffinization
with xylene and the consecutive removal of picric acid
with ethanol (70%, 90%, 100%), sections were boiled
with 10 mm citrate buffer, pH 6.0, for 5 minutes and
were then incubated with 0.1% trypsin (type I; Sigma),
and 0.1% CaCl, in 0.05 m Tris-HCI buffer pH 7.6 for 25
minutes at 37°C. Tissue sections were immersed in 1%
normal goat serum for 30 minutes at room temperature.
Tissue samples on glass slides were then incubated for
30 minutes at room temperature with 50 1 of the affinity-
purified antibody (2 pwg/ml as IgG) or normal rabbit IgG
(2 pg/ml). After washing three times with phosphate-
buffered saline pH 7.4, sections were processed succes-
sively using SLAB (R) 2 kit (Dako, Carpinteria, CA,
USA), according to the manufacturer’s manual. Finally,
immunoreactive LTA, hydrolase was visualized with
NBT/BCIP (Boehringer Mannheim, Mannheim, Ger-
many) as a substrate for alkaline phosphatase. Control
samples were stained with 1% methyl green for clear
visualization.

Assay of LTA, hydrolase activity

Leukotriene A, hydrolase activity was measured as
described previously with minor modification [18]. Forty
microliters of 10,000 X g supernatant obtained by the
method described earlier in this article were mixed with
10 pl of 0.1 m Tris-HCI buffer (pH 7.6) and were pre-

warmed for several minutes at 37°C. Then 1 g of LTA,
in 1 pl in ethanol was added. After one minute of incuba-
tion, 117 p.l of stopping solution (0.1% acetic acid in meth-
anol containing 0.3 nmol of prostaglandin B, as an internal
standard) were added. After being kept at —20°C for
at least 20 minutes, the mixtures were centrifuged at
10,000 X g for 10 minutes. A 50 pl aliquot of the superna-
tant was directly injected onto high pressure liquid chro-
matography (HPLC). The conditions were as follows:
column, TSK-ODS 80TM, 0.46 X 15 cm (Tosoh, Tokyo,
Japan); solvent, methanol/water/acetic acid (70/30/0.05,
vol/vol/vol); flow rate, 1 ml/min; column temperature,
35°C; UV monitor, 270 nm. PGB, and LTB, were eluted
at approximately 7 and 11 minutes, respectively, and the
amount of LTB, formed was calculated from the peak
ratio of LTB,/PGB,.

Assay of LTB, content

The LTB, assay was performed by the combination
method of column extraction and enzyme immunoassay
(EIA). After being cut into three parts, each tissue was
frozen in dry ice/acetone immediately after weighing and
was stored at —20°C until assay. On the day of assay,
each tissue was homogenized with nine volumes of ice-
cold ethanol using a microhomogenizer, and 1 ml of
aliquot was centrifuged by 10,000 X g for five minutes
at 4°C. The supernatant was diluted with nine volumes
of acetic acid (0.1 N) and was applied to a Bond Elute
C2 column pre-equilibrated with 2 ml of ethyl acetate,
4 ml of methanol, and 8 ml of water successively. Then
the column was washed with 6 ml of water, 4 ml of
ethanol, and 4 ml of hexane, in that order. LTB, was
eluted with 1.5 ml of ethyl acetate twice and was evapo-
rated under N,. After resuspension with EIA buffer,
LTB, was assayed using the EIA kit according to the
manufacturer’s manual (Cayman Chemical, Ann Arbor,
MI, USA).

Glomerulus obtained by the sieving method [19] was
resuspended in Hank’s buffered saline and was aliquoted
in tubes. After centrifugation at 300 X g for five minutes,
the supernatants were aspirated, and 300 pl of Hank’s
buffered saline containing 30 pwwm of arachidonic acid and
2.5 um of ionomycin were added to start the reaction.
The tubes were incubated at 37°C for the indicated time,
during which they were swirled to keep the glomeruli in
suspension. The reaction was stopped by the immersion
of the tubes in boiled water for five minutes, and they
were centrifuged at 10,000 X g for 10 minutes. The super-
natants were stored at —20°C until assay. Precipitated
glomeruli were assayed for protein after being dissolved
with 0.1 N NaOH. In the experiments in which 5-LO
inhibitors, nordihydroguaiaretic acid (NDGA), and AA-
861 (a gift from Takeda Pharmaceutical Company, Tokyo,
Japan) were used, glomeruli were preincubated for 10
minutes with these 5-LO inhibitors (NDGA, 4 uM; AA-
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861, 0.2 wm) at 37°C, and were then incubated for 30
minutes further after the addition of arachidonic acid
(30 uM) and ionomyecin (2.5 um). In the experiment with
tubules and interstitial cells, the outer medulla was cut
out as described earlier, and the solution was homoge-
nized with three volumes of Hank’s buffered saline.
After centrifugation at 10,000 X g for 10 minutes the
supernatants were aliquoted in tubes, and arachidonic
acid and ionomycin were added in a final concentration
of 30 wM and 2.5 M, respectively. The reaction was
stopped exactly as in the glomeruli experiment. Protein
concentration of the supernatants was assayed by the
method described later in this article. These supernatants
were adjusted to approximately pH 3 to 4 by the addition
of six volumes of 0.3 N acetic acid, and were then ex-
tracted and used for the LTB, assay as described earlier.
The recovery rate of exogenously added *H-labeled LTB,
in tissue and supernatants was 96.4 = 0.4% and 82.9 =
0.7%, respectively.

Miscellaneous

The amount of protein was determined with the Pro-
tein Assay Kit (Bio-Rad, Hercules, CA, USA) using bo-
vine serum albumin as the standard. Statistical analysis
was performed by analysis of variance, and P values of
less than 0.05 were denoted to be significant.
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Fig. 1. Polymerase chain reaction (PCR)
products from rat kidney or lung. Nucleic acids
were extracted from rat kidney or lung, and
amplified by PCR with or without RT as de-
scribed in the Methods section. RT (+) indi-
cates PCR with RT, and RT (—) indicates
PCR without RT. Lanes 1 and 2, lung homoge-
nate tissues; Lanes 3 to 6, kidney homogenate
tissues. Arrows indicate the size of the markers.

-~ 271 bp
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Fig. 2. Distribution of LTA, hydrolase
mRNA along the microdissected nephron seg-
ments. (A) RT-PCR products from microdis-
sected samples using the primers specific for
LTA, hydrolase as described in the Methods
section. (B) RT-PCR products using the prim-
ers for rat B-actin. Abbreviations are: gl, glo-
merulus; PCT, proximal convoluted tubule;
PST, proximal straight tubule; mTAL, medul-
lary thick ascending limb; cTAL, cortical as-
cending limb; DCT, distal convoluted tubule;
CCD, cortical collecting tubule; OMCD, outer
medullary collecting tubule. Arrows indicate
the size of markers.

~ap— 242 bp
~— 190 bp
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RESULTS

RT-PCR determination and Southern hybridization of
LTA, hydrolase mRNA and direct sequencing of the
RT-PCR product

We designed the set of PCR primers according to the
cloned sequences of LTA, hydrolase cDNA from rat
mesangial cells reported by Makita et al [14]. The size
of RT-PCR products in our system is predicted to be
233 bp. Although rat genomic DNA of LTA, hydrolase
has not been cloned, cloned human genomic DNA of
the enzyme was revealed to have two introns with 54 bp
and 74 bp inside the sequences we attempted to amplify
[20]. Thus, the size of PCR products from rat LTA,
hydrolase genomic DNA using our set of primers should
be longer than that of the RT-PCR product from the
mRNA of the rat LTA, hydrolase, if the rat genomic
DNA has an intron(s) as the human counterpart. A single
band with the size of 233 bp was detected in each RT-
PCR product from the sample of rat lung and kidney
(Fig. 1, 1anes 2, 5, and 6). The size of each PCR product
without RT was larger than that from cDNA, suggesting
that it was derived from LTA, hydrolase genomic DNA
(Fig. 1, lanes 1, 3, and 4). The RT-PCR product with
233 bp corresponding to LTA, hydrolase mRNA was
detected in all the nephron segments of the cortex and
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Fig. 3. Southern hybridization of RT-PCR products of nephron segments. Abbreviations are in Fig. 2.

outer medulla (Fig. 2A). The relative amount of RT-PCR
product for LTA, hydrolase in comparison to that for
B-actin (Fig. 2B) could not be determined, because our
RT-PCR condition was not strictly quantitative. The spec-
ificity of RT-PCR products of 233 bp was also confirmed
by Southern hybridization, as shown in Figure 3. Further-
more, the result of sequencing of the RT-PCR product
showed a 100% match to the nucleotide sequences from
131 bases to 363 bases of the cloned rat LTA, hydrolase
(data not shown) [14].

Western blotting and immunohistochemical analysis of
LTA, hydrolase protein

Western blotting analysis using affinity-purified anti-
body against human LTA, hydrolase [17] revealed a band
of approximately 70 kDa protein as the most prominent
protein in the cytosolic fraction of lung, followed in order
by the glomeruli obtained by the sieving method, inner
medulla, outer medulla, and cortex . Because the molecu-
lar mass of rat LTA, hydrolase protein was reported to
be in the range of 68 to 70 kDa [21] and rich in the lung
[22], this approximate 70 kDa protein seems to be LTA,
hydrolase protein (Fig. 4). Immunoreactive LTA, hy-
drolase was detected in all of the nephron segments in
the cortex and outer medulla in the rat kidney slice by
immunohistochemistry, using the same antibody (Fig. 5
A-C). In glomeruli, immunologic reactivity of LTA, hy-
drolase was localized in mesangial cells and glomerular
visceral epithelial cells (arrow and arrowhead, respec-
tively; Fig. SA). Proximal tubules were also stained by
the specific antibody against LTA, hydrolase (Fig. 5A).
Photomicrographs of the outer medulla showed immuno-
staining in proximal straight tubules (Fig. 5B). Figure 5C
showed an immunoreactivity in the inner medullary col-
lecting tubules (IMCTs). The staining of thin descending
limb cells (TDLs) seemed very weak or negative, com-
pared with IMCTs, although faint signals of TDLs might
be because of their thin cytosolic area.
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Fig. 4. Western blotting analysis using the affinity-purified antibody
against LTA, hydrolase. Homogenate of each part of kidney, glomeruli,
and lung were separated on SDS-PAGE and electrophoresed, then trans-
ferred to a nitrocellulose membrane. Proteins were immunostained by
using affinity purified anti-LTA, hydrolase antibody. Lane 1, cortex;
lane 2, outer medulla; lane 3, inner medulla; lane 4, glomeruli; lane 5,
lung.

LTA, hydrolase activity and LTB, content in the
kidney tissue

The specific activity of LTA, hydrolase was highest in
the inner medulla, followed by the outer medulla and
cortex (Fig. 6), which corresponded to the amount of
LTA, hydrolase protein in these three parts of the kidney
(Fig. 4). LTB, was detectable in the inner medullary
tissue > outer medullary tissue > cortical tissue (Fig. 7).
This LT was also present in glomeruli as well as in the
mixture of tubular and interstitial cells even under the
basal condition (Fig. 8). When stimulated with arachi-
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Fig. 5. Immunohistochemical observations of a rat kidney slice. (4) Rat glomeruli and proximal tubules (X279). Glomerular mesangial cells, and
epithelial cells were immunostained (arrow and arrowhead, respectively). Proximal tubules were also stained by the LTA, hydrolase antibody.
(B) Outer medulla (X279). Proximal straight tubules (arrow) were shown to be immunoreactive against the antibody. The area with weak staining
is the vascular bundle. (C) Inner medulla (X279). IMCTs (arrow) were strongly stained, while other tubules, mainly TDLs, were not stained.
Arrowhead indicates a junction of two IMCTs. Normal rabbit IgG was used instead of specific antibody against LTA, hydrolase in cortex (D,
X186), outer medulla (E, X186), and inner medulla (F, X186).




106 Nakao et al: LTB, formation in the rat kidney

0.2 ~

0.1 A

LTA, hydrolase activity
nm/min mg protein

0.0

Quter
medulla

Inner
medulla

Cortex

Fig. 6. LTA, hydrolase activity in rat kidney cortex, outer medulla,
and inner medulla. Cytosolic fractions from each part of kidney tissue
were prepared, and LTA, hydrolase activities were determined as de-
scribed in the Methods section. Abbreviations are: C, cortex; OM, outer
medulla; IM, inner medulla.
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Fig. 7. LTB, content in rat kidney cortex, outer medulla, and inner
medulla. Each kidney tissue sample was prepared and assayed as de-
scribed in the Methods section. *P < 0.005 vs. cortex, and #P < 0.05
vs. outer medulla.

donic acid and ionomycin, LTB, was formed time depen-
dently in the isolated glomeruli (Fig. 8A), more was
found there than in the tubular and interstitial cell mix-
ture (Fig. 8B), and the LTB, synthesis reached a plateau
level in 15 minutes. Glomerular LTB, synthesis stimu-
lated by arachidonic acid and ionomycin was profoundly
reduced by pretreatment with NDGA or AA-861, which
are selective 5-LO inhibitors, at 30 minutes (Fig. 8C).

DISCUSSION

In this study, we used the RT-PCR method to deter-
mine the presence of LTA, hydrolase mRNA, and the
results were confirmed by Southern blot analysis. Finally,
the direct sequencing of the RT-PCR product showed a
100% match to the LT A, hydrolase nucleotide sequences
that we attempted to amplify. From these results, we
conclude that LTA, hydrolase mRNA is ubiquitously
distributed along all of the microdissected rat nephron
segments of the cortex and outer medulla (Fig. 2). We
also tested for the presence of LT A, hydrolase protein by
Western blot analysis using the affinity-purified specific
antibody against human L'TA, hydrolase, which was pre-
pared per the study of Ohishi et al, utilizing the recombi-
nant human enzyme [17]. Western blotting analyses of
various tissues of guinea pig with this antibody revealed
a single protein band with a molecular mass of approxi-
mately 70 kDa, and immunohistochemical examinations
showed immunostaining in various tissues, including epi-
thelial cells of the tracheo-bronchial system [17]. We
applied the antibody to the rat kidney as well as to
lung tissues. The results showed an approximate 70 kDa
protein band in the lung, glomeruli, inner medulla, outer
medulla, and cortex. The amount of the protein in the
three fractions of rat kidney was greater in the inner me-
dulla, followed by the outer medulla and cortex (Fig. 4).
In addition, we examined the specific activity of the en-
zyme and the basal content of LTB, in these three parts
of rat kidney. Both were highest in inner medulla, fol-
lowed by outer medulla and cortex (Figs 4, 6, and 7),
indicating that the rank order of the amount of the en-
zyme protein, the activity of the enzyme, and the product
of the enzyme correlated well with one another in these
three fractions of rat kidney. Moreover, LTA, hydrolase
protein could be immunohistochemically detected in all
of the nephron segments except thin descending limb
cells (Fig. 5 A-C). These results indicate that all of the
renal tubular segments in the cortex and outer medulla
express LTA,hydrolase mRNA and mature enzyme pro-
tein. We could demonstrate the distinct presence of the
protein in IMCTs, but not in TDLs. We did not perform
the RT-PCR of TDLs because of the difficulty of micro-
dissection of this segment and the possible contamination
of other tissues such as IMCTs and vascular components.
More sophisticated methods are required to determine
whether LTA, hydrolase mRNA is present in TDLs.

Rat renal tubular segments and isolated glomeruli
have not been shown to express 5-LO, nor 5-LO activat-
ing protein, the essential enzyme or cofactor protein
for LTs biosynthesis. Although L'TB, formation by the
intercellular transfer from cells that produce LTA, has
been suggested [7, 8], the activity of LTA, hydrolase as
an amino peptidase has been reported [23, 24]. There-
fore, we studied the presence of endogenous LTB,-form-
ing capacity in rat kidney. LTB, production could be
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seen in the glomerulus as well as in the outer medullary
tissue by stimulation with arachidonic acid and iono-
mycin (Fig. 8). Furthermore, the presence of LTB, could
be detected in renal tissue even under the basal condition
(Figs. 7 and 8). The selective 5-LO inhibitors, NDGA
and AA-861, reduced LTB, synthesis stimulated by ara-
chidonic acid and ionomycin, which strongly suggested
that we measured authentic LTB, and that LTA, hy-
drolase present in glomeruli as well as in outer medullary
tissues had activated LTB, formation. Therefore, we con-
clude that all of the nephron segments other than TDLs
can form LTB, under both steady-state and stimulated
conditions, probably by transcellular metabolism of LTA,
generated by leukocytes or monocytes/macrophages, as
has been shown in other tissues [8, 25]. Whether or not
LTA, hydrolase in these tubular cells acts as an amino
peptidase when in physiological conditions needs to be
elucidated in the future. The relevance of the absence
of the protein in TDL also remains to be clarified.

The pathophysiological significance of glomerular 5-LO
products is supported by several studies. Glomeruli sub-
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Fig. 8. LTB, synthesis by isolated glomeruli and cytosolic fraction of
outer medullary homogenates. Arachidonic acid (30 wm) and ionomycin
(2.5 pm) were used for stimulation. The reaction was stopped at the
indicated time by immersion of sample tubes in boiling water for 5
minutes. (A) Glomerular LTB, synthesis both under the basal and the
stimulated conditions. *P < 0.002 vs. values with vehicle at 5 min, 15
min, and 60 min; #P < 0.005 vs. value with vehicle at 30 min. (B) LTB,
synthesis by cytosolic fraction of outer medullary homogenates. (C)
Reduction of LTB, synthesis by 5-LO inhibitors, AA-861 and NDGA.
Glomeruli were pretreated with vehicle, 0.2 pm of AA-861, or 4 um of
NDGA for 10 min, and then incubated with or without arachidonic
acid and ionomycin for 30 min. Symbols are ([[]) incubation with vehicle,
AA-861 or NDGA alone; (Z) incubation with arachidonic acid and
ionomycin after pretreatment with vehicle, AA-861 or NDGA. *P <
0.005 vs. vehicle at 15 min, #P < 0.01 vs. vehicle at 60 min. P < 0.005
vs. vehicle at 60 min.

jected to immune injury release a substantial amount of
LTB, [3, 26]. Selective 5-LO inhibitor also has been shown
to attenuate glomerulonephritis in an animal model [26].
However, physiological and/or pathophysiological roles
of LTB, in the tubular and interstitial cells still remain to
be clarified. Because LTB,, a potent chemotactic agent, is
generally involved in inflammatory processes [1, 2], this
eicosanoid formed in the tubular and interstitial cells
might play a role(s) in the pathogenesis of those renal
diseases with interstitial changes, such as interstitial ne-
phritis and nephrosclerosis. Recently, interstitial infil-
tration of leukocytes in the kidney has been reported to
play a pathogenetic role in glomerulonephritis [27, 28].
We believe that tubular L'TB, may also participate in
the pathogenesis of glomerular diseases. Moreover,
physiological roles can be speculated when considering
the steady-state presence of LTB, in tubular cells and
in glomeruli. These possible roles of LTB, should be
tested in the near future. In this context, our study may
provide a new insight into the biological roles of L'TB,
in the kidney.
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APPENDIX

Abbreviations used in this article are: AMV, avian myeloblastosis

virus; DIG, digoxigenin; EI, enzyme immunoassay; IMCTs, inner med-
ullary collecting tubules; LO, lipoxygenase; LT, leukotriene; NDGA,
nordihydroguaiaretic acid; RT-PCR, reverse transcription-polymerase
chain reaction; TDLs, thin descending limb cells.
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