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Arachidonate CYP hydroxylases of kidney contribute to formation
of hypertension and maintenance of blood pressure!
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ABSTRACT

AIM: To investigate the relationship of Kidney-specific
expression of cytochrome P-450 (CYP) 4Al and the
blood pressure. METHODS. The specific sense and
antisense CYP4A1 ¢DNA was administered respectively
with the help of eukaryotic expression vector pcDNA3. |
to the Sprague-Dawley (SD) rats via sublingual vein
(2 mg/kg). The systolic blood pressure of rats was
assessed by the tail-cuff method, and the relative tissue
expression of CYP4A] was analyzed by Western blot and
Northern blot at RNA and protein levels in the brain,
heart, lung, liver, and kidney of control, sense, and
antisense CYP4Al cDNA-treated rats. RESULTS:
Two weeks after the injection of the sense and antisense
CYP4Al cDNA recombinants respectively, the mean
systolic pressure of the transgenic rats increased by 1.8
kPa+0.3 kPa (13.2 mmHg £ 2.5 mmHg) or decreased
by 1.7 kPa + 0.3 kPa (13.0 mmHg + 2.2 mmHg)
compared with control. At the levels of transcription and
wranslaton, the Northern and Western blots all demon-
strated that CYP4Al preferentially overexpressed in the
kidney. CONCLUSION: The administration of sense
and antisense CYP4Al cDNA induced hypenension and
hypotension, respectively, which indicated that renal
arachidonate hydroxylase contributed to the formation of
hypertension and maintenance of blood pressure in normo-
tensive rats.
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INTRODUCTION

It has been well known that the arachidonic acid
(AA) exists extensively in eukaryotic cells, and its
metabolism is catalyzed by cycloxygenases and lipoxy-
genases to produce prostaglandins { PGs) and hydroper-
oxyeicosatetraenoic acid ( HPETE )", Recently the
third pathway of arachidonic acid metabolism con-
firmed!”) is metabolic pathway of cytochrome P-450-
dependent monoxygenases, which include epoxygenases
and hydroxylases. The epoxygenases catalyze AA to
produce epoxyeicosatraenoic  acids ( EETs ). The
hydroxylase metabolize AA to 19, 20-hydroxyeicosate-
traenoic acid (19, 20-HETE ), the later is cntically
important in blood pressure regulation!*’. 20-HETE can
not only comstrict renal artery by inhibiting Ca**-
activated K* channels (Xc,) in smooth muscle, but also
affect renal ubular transport of electrolytes. The
metabolism of AA by CYP hydroxylase may be important
in the control of sodium and chioride ions balance™ =,
through which HETE affects the blood pressure.
However, it is still controversy how they do so in vive.
Ma et ai'” reported the production of 20-HETE by outer
meduflary microsomes was lower in prehypertensive Dahl
salt-sensitive {SS/Jr) than in Dahl salt-resistant ( SR/Ir)
rats, and considered thai the deficiency in the production
of 20-HETE in the outer medulla of SS/Ir rats might
contribute to the development of hypertension in these
animals. The fact that induction of remal P-430 fatty
acid o-hydroxylase activity with clofibrate prevented the
hypertension in SS/Ir ats supports this possibility™ . In
contrast, Schwartzman er al reported that P-450 4Al and
4A3 could be detected in the kidney of 3-week-old male
spontaneous hypertension rats (SHR ), increasing with
age, peaking at 5-to 7-week, and the production of 20-
HETE was at its maximum when severe hypertension
occurred”" % Renal arachidonic acid «w-hydroxylase
activity inhibited by 1-aminobenzotriazole ( ABT) (an
inhibitor of CYP activity that can spare w-hydroxylase)



ISSN 1671483 Acta Pharmacol Sin

+ 498 - E-mail aps@ mail. shene. ac. cn

T AHAER 2002 Jun; 23 (1)
Phn.Fax 86-214474-2620

can reduce blood pressure in the SHR''’, which
suggested that excessive 19, 20-HETE production in the
kidney could cause hypertension. These paradoxical
results about the role of w™, w™’ hydroxylases in the
development and regulation of hypertension require further
investigations to figure out., Therefore in the present
paper, we studied the role of CYP4AL in the development
of hypertension and the regulation of blood pressure by
using gene transfer technology to overexpress or block the
expression of CYP4Al.

MATERIALS AND METHODS

Materials TRIzol reagent for protein and total
RNA isolation was purchased from Life Technologies
(USA). Westem blotting kit ( supersignal substrate, an
enhanced chemiluminescent substrate for detection of
HRP} was from Pierce Company (USA). Protein
molecular weight markers were obtained from Bio-Rad
Laboratories ( USA ).  Hybrisol solution was from
Intergen Company. Polyvinylidene diflucride ( PVDF)
and nylon transfer membranes were purchased from
Schleicher and Schuell { Dassel, Germany). [o-”P]
dCIP was purchased from Beijing Yahvi Company,
Primer-It 1| random primer labeling kit was obtained
from Stratagene Company ( USA) and QIAquick™
nucleotide removal kit for purification of probe was from
Qiagen Company (Germany). Mammalian expression
vector pcDNA3.1 was obtained from Invitrogen
Corporation  { USA ), anti-CYP4Al antisera was
purchased from Gentest Corporation { USA ), and
Sprague-Dawley (SD) rats were provided by the Medical
Experimental Center of Tongji Medical College of
Huazhong University of Science and Technology ( Grade
I, Centificate No 19-053).

Cloning of CYP4A1 cDNA Reverse transcrip-
tion was performed in 20 .L. reaction mixture containing 2
uL of 10 x buffer, 2 uL of dNTPs 1 mmol/L, 2.5 U/ul.
of reverse transcriptase {Gibco BRL), 5 pg of totat RNA
isolated from male SD rat's kidney by Trizole reagent
according fo manufacwurer’s instruction, and 2.5 ;umol/L
of 16-mer oligo-dT (Perkin-Elmer} After 1 h a1 40 C,
the reactions were terminated by heating (100 T,
2min), and then the product was utilized as PCR
template.

PCR was carried owt in 30 pl reaction mixture
containing 5 L of 10 x PCR buffer, 5 pL of dNTPs 2
mmol/L. each of the following primers at 50 pmol/L;
sense primer (5'-GTATAGAATTCCGAGGAGTGGCT-

GCACC-3') and antisense primer (5'-GTTACGTCGAC-
ACCACCAACTCAGCTT-3'), which were designed
from the published ¢DNA soquences'™*!, and 2.5 U of
Tag DNA polymerase. Thirty cycles of PCR were
performed in a thermal cycler with a denaturing phase of

1 min at 94 T, annealing phase of 40 s at 65 C, and

extension phase of 1 min at 72 C. The resulting PCR
products were gel-purified, and abowt 1600 bp of the
frapment was subcloned into PBS vector by EeoR T/
Sal 1. and sequenced by the dideoxy chain termination
method.  Sequence analysis demonstrated that the
sequence of the cloned CYPAAT ¢DNA was identical to
that of Genbank'™®).

Construction of sense and antisense CYP4A1/
pcDNA3.1 The EcoR | /Xho | and Kpn | /EcoR |
fragment of CYP4AI (about 1600 bp) was subcloned into
pcDNA3 . 1 to construct peDNA-4AT (sense) and pcDNA
-anti4Al {antisense) , respectively.

Effects of pcDNA-4A1 and pcDNA - anti4At
on systolic blood pressure in normotensive rats
SDrats (n = 24, weighing 210 - 225 g) were used in
this study. Rats were housed in an air-conditioned room
with a 12-h light/dark cycle, received a standard rat
chow (0.4 % sodium chloride), and drunk tap water.
One week before gene delivery, the rats were randomly
divided into 3 groups which were administered with
pcDNA - 4A1, peDNA - anti4Al, and pcDNA3. 1
{control ) plasmid vie sublingual vein (2 mg/kg),
respectively,  The systolic blood pressure of rats was
assessed by the tail-cuff method after the rats were
warmed at 37 T for 10 min. Blood pressure was
measured under conscious conditions at the beginning of
the experiment and at 1. 2, 3, and 4 weeks after delivery
of plasmid.

Preparation of protein and RNA At 2 weeks
after plasmid injection, two animals were sacrificed for
each group. Brain, heart, lung, fiver, and kidney
samples were collected and frozen in liquid nitrogen
followed by storage at —80 T until analysis. Total
RNA and protein from brain, heart. lung. liver, and
kidney samples were extracted by Trizole reagent
The RNA con-
centration was determined spectrophotometrically at 260
nm, and ethidium bromide-stained agrose gels were used
to check its integrity. Protein concentrations of the five
tissues were determined by Bradford method .

Northern blot analysis'”  CYP4Al cDNA
(1600 bp} and 500 bp of GAPDH cDNA were labeled

according to manufacturer’s instructions .
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with [« P |dCTP, using prime-a-gene labeling system
( Promega, USA). Total RNA 20 pg for each sample
were separated by 1.2 % formaldehyde-agarose gel
electrophoresis  and  transferred  onto  hybond  nylon
membrane ovemnight. The blot was baked for 2 h at
80 T, following by prehybridization for 2 h with
Hybrisol I (Intergene Co, USA). Then the labeled
probe was added to hybridize in same conditions. All
blots were subjected to stringent washing condition
(2 XSSC/0.1 % SDS and 0.5 XSSC/0.1 % SDS 20
min two times for each washing solution), prior to
autoradiography to X-ray film with intensifying screen at
-80 T for 3-4 d.

Western blot analysis!’ The tissue proteins
(20 pg/well) were resolved by 10 % SDS/PAGE and
transferred onto PYDF membrane in a transfer buffer
consising of Tris-HC! 25 mmol/L, glycine 192
mmol/L, and 20 % methanol at 4 C ovemight. After
blocked by immersion in a buffer {TBS-T) containing
TrissHCl 10 mmol/L, sodium chloride 150 mmol/L,
0.05 % Tween 20, and 5 % milk power with nonfat for
2h al oom temperature, the membrane was incubated
ovemight at 4 C with primary antibodies of goat anti-
CYP4Al antisera ( Daiichi Pure Chemicals, USA) in a
1:800 dilution in TBS-T. Then it was incubated with
donkey anti-goat horseradish peroxidase antibodies at
room temperature after washing out primary antibodies.
Labeled bands were visualized by using an enhanced
chemiluminescence kit ( supersignal substrate, Pierce,
USA).

RESULTS

Effect of CYP4A]l and antiCYP4A1 cDNA
injection on rat blood pressure The results showed
that the basal level of the blood pressure in all groups had
no significant difference and pcDNA3.1 injection did not
lead significant change in blood pressure. However,
pcDNA-4A1 significantly increased the blood pressure
one week after injection and to the maximum by 1.8 kPa
+0.3 kPa (13.2 mmHg + 2.5 mmHg) at 2 weeks, then
reurned 1o baseline at 4 weeks after injection. In
contrast, pcDNA - antidAl significantly decreased the
blood pressure one week after injection and to the lowest
level by 1.7 kPa2 0.3 kPa (13.0 mmHg + 2.2 mmHg)
al 2 weeks, then returned 1o baseline at 4 weeks after
injection (Fig 1).

Northern blot analysis after gene delivery

Systolic arterial pressure/kPa
n

~@— pcDNA antiCYP4A1
~O— peDNA-CYP4A1
—— pcDNAZ.1 ([control)

12 T T : v -
i} 1 2 3 4
Timetwoek
Fig 1. The time curve of SD rat’s systolic blood

pressure in response to treatment with pcDNA-4A1,
pcDNA-antidAl and pcDNA3.1 (control). n = 6.
%zs. "P<0.05 vs control,

To determine dynamics and expression level of CYP4Al1
and antiCYP4Al in various organs, Norther blot was per
formed. The resuits demonstrated that the transcriptional
levels of CYP4AL and antiCYP4A1 were difterent in the
tissues of brain, heart, fung, lver, and kidney.
CYP4Al and antiCYP4Al preferentially transcripted in
the liver and kidney, especially much more highly in the
kidney, compared with the control (Fig 2). While in

Kidney

Fig2. Northern blot (total RNA per lane 20 pg) showed
CYP4Al and antiCYP4A1 mRNA levels in kidney and liver
of rats 2 weeks after the injection of pcDNA-4A1, pcDNA-
antidAl, and pcDNA3.1 (control) respectively. Equal
RNA loading for each sample was verified by hybridization
with labeled GAPDH. This is a representative picture of
3 individual experiments.
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the brain, heart, and lung, the transcriptional level of
CYP4Al was almost the same as the control (data not
shown) .

Western blot analysis Westemn blot was per-
formed to compare expression levels of CYP4Al in
various organs of different groups at 2 weeks afier the
injection. The results showed that CYP4Al expression
increased in kidney of pcDNA +4A]-treated rats, and in
pcDNA « anti4Al-treated animal, CYP4Al expression was
almost completely blocked in kidneys (Fig 3), while the
translation level of CYP4Al in brain, heart, and lung
was almost the same as the control (data not shown)

Fig3. Western blot of kidney (20 pg protein per Jane}
in rats treated with pcDNA*4A1, pcDNA:anti4Al, and
pcDNA3.1 (control, 2 mg/kg). This is a repre-
sentative picture of 3 individual experiments,

DISCUSSION

Four isoforms of cytochrome P-450 in 4A family
(4Al, 4A2, 4A3, and 4AB) have been identified in rats
now. CYP4Al, 4A2, and 4A3 all catalyze the o™ and
w™! hydroxylation of fatty acids and produce 19, 20-
HETE. The 20-HETE is the main product in both the
quantity and physiological actions. Using RT-PCR with
isoform-specific primers, the expression of CYP4Al
mRNA was very low but CYP4A2 and 4A3 mRNA were
constitutively expressed throughout various nephron
segments and the renal vascular of male SD rais'®
Schwartzman et al also had discovered that by Northem
blot analysis CYP4A2 and 4A3 mRNA were constitutively
expressed in the rat Kidneys, whereas the expression of
CYP4Al mRNA was nearly undetectable in the kidney of
7-week-old male SD rats. These reports suggest that the
expression of CYP4Al mRNA is not very high in the
nomal SD rats,  Additionally, CYP4Al expresses a

litle in arterial system bur almost undetectable in other
organs.

To investigate the relationship of CYP4Al expres-
sion level and blood pressure in rats, we used eukaryotic
expression vector pcDNA3 .1 as vehicle to overexpress or
block the expression of CYP4AL by injection of pcDNA-
4Al and pcDNA - antidAl sublingual vein
respectively. To our swprising, Northem blot and
Westemn blot demonstrated that CYP4Al preferentially
expressed in the kidney and poorly expressed in the brain,
heart, and lung. Meanwhile, the expression of CYP4A1
on the protein level was almost blocked by antiCYP4Al
in the kidney of aniCYP4Al-treated rats. It is well
known that pcDNA3. 1 vector carrying the CYP4AL and
antiCYP4A] driven by the ubiquitous cytomegalovirus
{CMV) promoter. The reason why CYP4Al and
antiCYP4A]1 can highly kidney-specifically express is
further exploring. However, This kind of expression
charactetization facilitates us to investigate the relationship
of CYP4Al level of the kidney and the blood pressure
variation .

The patten of CYP4Al expression determined the
production rate of 20-HETE. Therefore, we consider
that the elevation of mean systolic pressure in the
CYP4Al-treated rats related to the kidney-specific
overexpression of CYP4Al. All these suggest that
overexpression of CYP4Al plays an important role in the
development of hypertension. This result is consistent
with that of Schwartzman ef ai''" .

In SHR the expression pattern of CYP4Al was
similar to that of CYP4Al transfected SD rats, which
typically exhibited a higher level of 20-HETE productions
in the kidney than that of nommotensive rais.

The decrease of mean systolic pressure in antisense
CYP4Al-delivered rals was due w0 the CYP4Al
expression  blocked by antisense CYP4Al mRNA
production which can hybridize CYP4Al to form double-
strand RNA, the later is easily digested by RNase in the
cells, This result suggests that the CYPAAL also plays
an important role in the maintenance of normal biood
pressure.

20-HETE increased the blood pressure of rat in the
kidney through at least two ways. Namely, 20-HETE
might constrict renal artery by inhibiting Ca’* -activated
K* channels in smooth muscle directly and also act
indivectly as second messenger for ET-1. It was
discovered in the model of unx/salt/DOCA of which the
rat was uninephrectomized, given excess salt and treated
with DOCA, the blood pressure increased progressively

vig
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over the 3-week period. Between the second and third
week . urinary excretion of ET-1 and HETE had increased
by three to four fold. Blockade of the ETA receptor
could lower blood pressure and attenuate organ hyper-
trophy and proteinuria while decreasing the excretion of
2)-HETE.

In summary, in normotensive SD rats, the delivery
of CYP4Al via sublingual vein could lead CYP4Al over-
expression in the kidney and elevated the blood pressuse
two weeks after injection, while the delivery of antisense
CYP4A] specifically biocked CYP4Al expression in the
kidney and significantly decreased the blood pressure.
Therefore we make the conclusion that cytochrome P-450
arachidonic acid hydroxylases in rats substantially
contribute to the formation of high blood pressure and the
maintenance of normal blood pressure.
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