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Expression of cyclooxygenase-2 in the Kkidney of
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Abstract: Objective To examine the mRNA and protein expressions of cyclooxygenase-2 ( COX-2) and the kinetic
changes of three metabolites ( PGI,, PGE, and TXA,) of COX-2 in kidney tissues of fetal rats after intrauterine distress
(ID), and to explore the possible roles of COX-2 in the pathogenesis of kidney impairment of fetal rats after ID. Methods
A model of intrauterine ischemia and hypoxia of fetal rats was made by occluding one side of vessels supplying two horn
uteri. The fetal rats in the other side were used as Sham-operation group (n =22). After 30 minutes of blood occlusion,
reperfusion started. Pups were removed 0, 0.5, 2, 6, 12, 24 and 30 hrs post-reperfusion respectively (n =20 for each
time point). After the renal tissues of fetal rats were homogenized, RT-PCR, Western blotting and radioimmunoassay
methods were used to detect the mRNA and protein expressions of COX-2 and the kinetic changes of PGI,, PGE, and TXA,
concentrations. At the same time, hematoxylin-eosin staining was used to observe the histopathological changes of the
kidney. Results After intrauterine ischemia, hypoxia and reperfusion, the expressions of COX-2 protein and gene in fetal
rat kidney were significantly up-regulated. Compared with the Sham-operation group, the concentrations of 6-keto-PGF,,
and PGE, began to increase following 2 hrs of reperfusion, and reached a peak 12 hrs and 24 hrs after reperfusion
respectively. The TXB, concentration in the Ischemia-reperfusion group was not different from the Sham-operation group at
any reperfusion time point. Conclusions Intrauterine ischemia, hypoxia and reperfusion can induce the up-regulation of
COX-2 expression in fetal kidney at the transcriptional level. COX-2 may play a protective role in ischemic impairment of
fetal kidney through PGI, and PGE,. It is suggested that COX-2 inhibitors should not be used for kidney impairment
patients during the perinatal period. [ Chin J Contemp Pediatr, 2005, 7(1) : 15-19 ]
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Cyclooxygenase (COX), known as a key enzyme
in the synthesis of prostaglandin from arachidonic acid
(AA), exists in two subtypes in the human body,
COX-1 and COX-2. COX-1 is expressed constitutively
in a wide variety of tissues. In contrast, the expression
of COX-2 is low under physiological conditions but is
dramatically up-regulated by a variety of stimuli such
as hypoxia, lipopolysaccharide ( LPS), interleukin-1
(IL-1), tumor necrosis factor ( TNF) and epidermal
growth factor ( EGF). It has been reported that the
expression of COX-2 protein is up-regulated following
ischemia and reperfusion in adult renal tissues, but
little is known about the effect of intrauterine distress
on COX-2 expression in fetal rat kidney. In this study,
Western blotting assay, RT-PCR and radioimmunoas-
say were used to examine the changes of protein,
mRNA of COX-2 and metabolites of COX-2 in rat fetal
kidney so as to study the roles of COX-2 in kidney

impairment of fetal rats after intrauterine distress.
Materials and methods

Animals and reagents

Animals: Sprague-Dawley (SD) rats were pur-
chased from the Department of Experimental Animal,
China Medical University. The average body weight of
female SD rats was 250 g = 20 g, and 380 g = 20 g
for male SD rats. The female rats were housed with
breeder males in a ratio of 4: 1. The day on which
sperm was observed in a vaginal smear was designated
as day zero of pregnancy. Pregnant rats were then
housed in individual cages for 21 days.

Reagents: Goat anti-rat polyclonal antibodies of
COX-2 were purchased from Santa Cruz. Rabbit anti-
goat horseradish peroxidase-conjugated secondary anti-
body was from Beijing Zhongshan Bio-Tech Company.
Total RNA was extracted by Trizol ( Promega ).
The

primer pairs for COX-2 and B-actin were chosen on the

Reverse Transcription Kits were from Takara.

basis of published standards ''' and were synthesed by
The
quences were as follows; COX-2: upstream: 5" ACA
CTC TAT CAC TGG CAT CC 3', downstream; 5’
GAA GGG ACA CCC TTT CAC AT 3'; B-actin: up-
stream: 5' GAG ACC TTC AAC ACC CCA GCC 3',
downstream: 5" TCG GGG CAT CGG AAC CGC TCA
3'. *H-PGE, kit, '""I-TXB, and "*1-6-keto-PGF,, kits

were purchased from Beijing Immune-Tech Research

Shanghai Shenggong Bio-Tech Company. se-

Institute.

Animal model and grouping

The animal model of intrauterine asphxia was es-
tablished as follow'*' ; Briefly,21-day-old pregnant rats
were anesthetized with 2. 5% pentobarbital sodium (50
mg/kg). A small incision was made in the midline
lower abdominal to expose two horn uterus and vessels
supplying the uterus and ovary. An arterial clamp oc-
cluded one side of the vessels supplying the two horn
uteri. The fetal rats in the non-occluded side were used
as the Sham-operation group. After 30 minutes of blood
occlusion, reperfusion started. The reperfusion times
were 0, 0.5, 2, 6, 12, 24 and 30 hours respectively
and then an experimental model of different time reper-
fusion after intrauterine hypoxia was established. After
reaching the prescribed time, the uterus horn was
opened rapidly and pups were removed. Twenty fetal
rats were used for each time point in the Ischemia-
reperfusion group. Twenty-two fetal rats were used for
the Sham-operation group. The pups were sacrificed
and kidneys were removed and stored in -70°C. Sam-
ples for RT-PCR were stored in sterilized, RNAase free
Eppendorf tubes. Meanwhile renal tissues from three
fetal rats were removed, fixed in buffered solution of
10% formaldehyde to observe the morphological chan-
ges of kidney.
Hematoxylin-eosin staining

Renal tissues from fetal rats were removed, fixed
in a buffered solution of 10% formaldehyde, and em-
bedded in paraffin. Longitudinal 5um sections were
cut and mounted on glass slides. Hematoxylin-eosin
staining was performed as routine. Morphological chan-
ges in the kidney were observed under a microscope.
Western blotting assay

After fetal renal tissues were homogenized, mem-
brane protein was extracted and diluted to equal con-
centration. Samples of 200 mL were mixed with mixed
with 50 L of 5 x sample buffer, and then boiled for 5
minutes. After electrophoresis in a 7.5% SDS-PAGE
gel, the protein was transferred on to nitrocellulose
membrane, washed with TBS for 10 minutes and
blocked with TBS containing 5% bovine serum albumin
for 1 hour. After being washed with TBS twice for 5
minutes each, the membrane was incubated with goat
antibody to COX-2 (at 1:400 dilution) overnight at
4 C. The next day blots were washed again and incu-
bated with rabbit anti-goat ALP-conjugated second IgG
antibody (at 1:2 000 dilution) at room temperature for
2 hours. Finally the substrate of ALP O-dianidine and
B-naphthy acid phosphate were added to the membrane
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and were stained for 15 minutes. The blots were ana-
lyzed with Chemilmager-5500 electrophoresis gel image
system based on optical density scanning.
RT-PCR

Total RNA of fetal kidneys was isolated using
Trizol reagent according to manufacture’s instructions.
A total of 2 pL of sample RNA (2.5 pg) was used for
first strand ¢cDNA synthesis, which was performed in 4
L of 2mM MgCL,, 2 L of RT buffer (10 x ), 1 pL
of ANTPs (10 mM each ), 1 uL of Bea BEST poly-
merase (2 U/pl), 1 wL of Oligo dT primer, 0.5 pL
of Rnase Inhibitor (40 U/uL) and 8.5 pL of DEPC
water in a total volume of 20 pL, incubated first at
45°C for 60 minutes and then 70°C for 10 minutes.
The reaction product was then subjected to PCR ampli-
fication, which was performed in a total volume of 20
L in the presence of 4 wL of ¢cDNA, 1.25 pL of
MgCl,, 2 pL of buffer (10 x ), 0.3 L of dNTPs,
0.1 pL of Tag DNA polymerase, 10.35 pL of DEPC
water and 1 wL of COX-2 (or B-actin) upstream and
downstream primer. The amplification condition was
denaturation, 94°C , 3 minutes; annealing, 60°C ,45
seconds; and elongation, 72°C, 1 minutes for 30 cy-
cles. Ten microliters of PCR products were electropho-
resised on a 10% polyacrylamide gel, then stained
with ethidium-bromide, and observed using ultraviolet
light and photographed. Electrophoresis bands were
analyzed by Chemilmager-5500 gel image system.
Radioimmunoassay

The renal tissues were obtained at different time
points. The concentrations of 6-keto-PGF, , TXB,,
and PGE, ( metabolites of COX-2) in fetal renal tissues
were detected by specially trained technicians accord-
ing to the manufacture’s instructions.

Statistical analysis

Statistical analysis was performed using the statisti-
cal package SPSS 10.0. The data were expressed as x + s
and were analyzed by two-way analysis of variance for
multiple comparisons between groups. The Dunnett ¢-test
was used to assess differences between individual means.

Differences were considered significant at P <0.05.
Results

Histopathologic changes in renal tissues

Cloudy swelling of renal tubules occurred follow-
ing 30 minutes ischemia without reperfusion, including
swelling of epithelial cells in proximal convoluted tu-
bule, whose cavity got narrow, and cytoplasm was
filled with pink staining materials. Six hours after reper-
fusion, proximal convoluted tubule dilated slightly,
renal glomerulus got hyperemia and vacuolation oc-
curred (Figure 1A) ; when reperfusion was continued
proximal convoluted tubule dilated visibly and there
was exudation in cavity. Twenty-four hours after reper-
fusion, vacuolation was more serious in proximal con-
voluted tubule, the cavity disappeared, and sheet nec-
rosis occurred locally. After 30 hours of reperfusion, the
above mentioned changes were aggravated , large pieces
of tissue necrosis occurred in proximal convoluted tu-
bule, the structure of renal tubule was not clear, and
the pathologic changes were most severe (Figure 1B).
Changes of COX-2 proteins in renal tissues

COX-2 proteins were expressed in normal renal
tissues of fetal rats at a low level. Following 30 minutes
ischemia and 2 hours reperfusion, COX-2 proteins ex-
pression was up-regulated significantly (P <0.05),
and reached a peak 24 hours post-reperfusion (P <
0.01). Thirty hours after reperfusion it was still above
the Control group(P <0.01). See Figure 2 and Table 1.

Figure 1 Histopathologic changes in renal ischemic reperfusion injuries ( hemotoxylin-eosin staining, x 360 ).

A. There were

evident histopathologic changes in fetal kidney tissues 6 hrs after reperfusion: Proximal convoluted tubule dilated slightly ( dark arrow) ,

renal glomerulus got hyperemia ( dark triangle) and vacuolation ( white triangle) occurred.

B. 30 hrs post-reperfusion, large pieces of

necrosis occurred in proximal convoluted tubule (white arrow) , the structures of renal tubule were not clear, and the pathologic chan-

ges were most severe.
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Figure 2  Effects of acute intrauterine ischemia and reper-

fusion on expression of COX-2 protein in fetal rat kidney.
Lane 1 Control group. lane 2. Ischemia 0.5 hr group. lane
3. Reperfusion 0.5 hr group. lane 4. Reperfusion 2 hrs group.
lane 5: Reperfusion 6 hrs group. lane 6: Reperfusion 12 hrs
group. lane 7 ;:Reperfusion 24 hrs group,lane 8; Reperfusion 30
hrs group.

Expression of COX-2 mRNA in fetal rat kidney

In the normal controls, COX-2 mRNA was detec-
ted in renal tissues of fetal rats, but the expression was
less. During the reperfusion process following 30
minutes ischemia, the COX-2 mRNA expression in-
creased gradually. Compared with the Sham-operation
group, the COX-2 mRNA expression began to increase
in renal tissues 30 minutes post-reperfusion ( P <
0.05) ,and reached a peak 12 hours later( P <0.01) ,

then decreased, but it remained higher until 30 hours
post-reperfusion (P <0.01). See Figure 3 and Table 1.

Table 1 6-keto-PGF
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Figure 3  Expression of COX-2 mRNA in fetal rat kidney
after acute intrauterine ischemia and reperfusion by
RT-PCR. M :marker DL 2000. lane 1:Control group. lane 2.
Ischemia 0.5 hr group. lane 3:Reperfusion 0.5 hr group. lane
4. Reperfusion 2 hrs group. lane 5: Reperfusion 6 hrs group.
lane 6 Reperfusion 12 hrs group. lane 7: Reperfusion 24 hrs
group. lane 8 :Reperfusion 30 hrs group.

Kinetic changes of 6-keto-PGF1«, TXB, and PGE,
concentrations

Compared with the Sham-operation group, the
concentrations of 6-keto-PGF, and PGE, began to in-
crease following 2 hours reperfusion, and reached a
peak 12 hours and 24 hours after reperfusion respec-
tively. The TXB, concentration in the Ischemia-reper-
fusion group was not different from the Sham-operation

group at any reperfusion time point ( Table 1).

TXB, ,PGE, ,COX-2 concentrations and COX-2mRNA expression after intrauterine

ischemia and reperfusion in fetal rat kidneys (x%5)
Group 6-keto-PGF, TXB, PGE, COX=2 COX=2
(pg/mg) (n=8) (pg/mg) (n=8) (pg/mg) (n=8) (n=6) mRNA(n =6)
Sham- operation 165 + 84 126 +32 3360 + 1292 30 +6 0.60 +0. 10
30 min ischemia 180 +84 128 + 16 3462 + 1504 32 +7 0.66 +£0.09
Reperfusion 0.5 hr 230 £ 121 135 +28 3764 +1537 35 +8 0.76 £0.09*
2 hrs 402 +185* 161 +20 5596 +1551* 43 £7¢ 0.79 +0.06"
6 hrs 534 +113"° 170 +23 5898 + 1460 54 £9° 0.97 +0.10"
12 hrs 995 +216" 179 £22 5953 +1371" 66 12" 1.09 +0. 10"
24 hrs 822 +221° 189 £15 6850 £2109" 70 +11° 1.96 £0.07"
30 hrs 456 +267° 166 +36 5824 +1692" 52 +7" 0.82 +0.06"

Compared with the Sham-operation group (a P <0.05, b P<0.01)

Discussion

Perinatal asphyxia that can result in multi-organ
impairments is one of the leading causes of death and
disability in neonates. The kidney is energy-consu-
ming, and shares much blood flow from the body. So it
is especially sensitive to ischemia and hypoxia. The
incidence of kidney impairment following asphyxia is
high, reaching as high as 56% "'.

early and special clinical symptoms after kidney im-

As there are no

pairment, it is difficult to make an early diagnosis and

so research should focus on the pathogenesis, preven-
tion and treatment of the disease.

COX-2 is a key enzyme in the synthesis of prosta-
glandin. It has been shown that COX-2 can be induced
in renal tissues after ischemia and reperfusion but until
now the function of COX-2 in the ischemic renal im-
pairment has not been clear. Abassi™*’ has reported
that in rats with renal ischemia caused by experimental
COX-1 and COX-2 are abundantly

expressed in the renal medulla, with a level that is

heart failure,

significantly higher than that in the cortex. Along with

the advances of heart failure, the expressions of COX-2
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mRNA and protein becomes much higher, and selec-
tive COX-2 inhibitor can obviously lower the blood flow
in renal medulla and thus lead to much more severe
renal impairment by ischemia. Therland"’ has reported
that in ischemic renal failure cases, COX-2 is up-
regulated in vascular smooth muscles and glomerular
mesenchymal cells, so it can be deduced that the
COX-2 metabolic products is important in maintaining
the glomerular filtration rate and protectfing the renal
function. Recently, some studies have shown that
COX-2 is also expressed in normal human kidney"’’.
This suggests that it is possible for COX-2 inhibitors to
suppress the renal function and cause acute renal fail-
ure in the patients who have already had chronic renal
function deficiency'®’. In the present study, Western
blotting was adopted to study the expression of COX-2
protein in fetal rat kidney following intrauterine dis-
tress. The results showed that COX-2 protein was in-
creased after ischemia for 30 minutes. The COX-2 pro-
tein began to increase at 2 hours of reperfusion, peak-
ed by 24 hours and remained at high levels 30 hours
after reperfusion. These results were consistent with the
report of Abassi'*!

COX-2 is inducible. Under physiological condi-
tions, it is expressed at a low level in most tissues.
COX-2 mRNA can be induced by ischemia, LPS,
IL-1, TNF and many other inflammatory factors. This
study showed that COX-2 mRNA began to increase at
30 minutes of reperfusion, peaked at 12 hours and
remained at high levels 30 hours after reperfusion. This
suggestes that the elevated COX-2 protein was regula-
ted by COX-2 mRNA at the transcriptional level.

The main functions of COX-2 are performed by its
metabolic products. Now it is certain that the metabolic
s IXB, and
PGE,. This study showed that in fetal renal tissues,
6-keto-PGF,, and PGE, began to increase at 2 hours of

reperfusion, peaked between 12-24 hours and re-

products in renal tissue are 6-keto-PGF

mained at high levels 30 hours after reperfusion. TXB,
increased only slightly and showed no significant differ-
ence compared with the Sham-operation group.

Many studies have shown that PG, and PGE, are
the protective factors for acute ischemic renal injury.
Animal experiments indicate that the administration of
PGI, analogues can lessen the medulla impairment
caused by acute renal failure. PGE, can inhibit the
synthesis of TNF-a by activated macrophages in adult
renal ischemia-reperfusion impairment and thus sup-

press the inflammation'”’. In vitro studies testified that

PGI, and PGE, can lessen the injury in renal medulla
epithelial cells and exert a protective effect when they

were administrated into the cell culture media in

(8]

advance Recently in adult renal ischemia-reperfu-

sion animal experiments, Matsuyam'®’ found that large
pieces of necrosis occurred in renal tubules 12 hours
after reperfusion following 30 minutes ischemia and that
the COX-2 protein expression was up-regulated in
normal renal tubular epithelial cells before necrosis
occurred. The present study also showed that the major
metabolic products of COX-2 were PGI, and PGE, in
ischemic fetal renal tissues. Both these studies demon-
strated that COX-2 may exert a protective effect on
ischemic renal injury. It was found that the peak ex-
pression of COX-2 protein appeared prior to the peak
pathologic injury of renal medulla, which indicated that
COX-2 may have protective effects on fetal renal ische-
mic impairment. It is suggested that COX-2 inhibitors
should not be administered in the treatment of asphyxia

in perinatal period.
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