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1 Cyclooxygenase-2 (COX-2) is involved in the biosynthesis of prostanoids in the course of
in¯ammatory reactions. This isoenzyme is regulated at the transcription level and many cells express
COX-2 upon challenge with lipopolysaccharide (LPS) or pro-in¯ammatory cytokines.

2 Since hepatocytes respond to LPS and pro-in¯ammatory stimuli, we investigated the expression of
COX-2 in foetal and adult hepatocytes upon challenge with these substances.

3 COX-2 was expressed in foetal hepatocytes incubated with LPS, tumour necrosis factor-a and
interleukin-1b. This response rapidly decreased after birth and was absent in hepatocytes from animals
aged 2 days or more and treated under identical conditions. The expression of COX-2 was determined at
the mRNA, protein and enzyme activity levels using Northern and Western blot, and following the
synthesis of prostaglandin E2, respectively. The use of NS 398, a speci®c pharmacological inhibitor of
COX-2, con®rmed the expression of this isoenzyme in activated foetal hepatocytes.

4 Synergism in COX-2 expression was observed between LPS, tumour necrosis factor-a and
interleukin-1b. Interleukin-6 and permeant analogues of cyclic AMP failed to induce COX-2 or to
synergize with LPS. Also, transforming growth factor-b inhibited the LPS- and pro-in¯ammatory
cytokines-dependent expression of COX-2.

5 These results indicate that foetal hepatocytes are competent to express COX-2 upon challenge with
pro-in¯ammatory stimuli, a process lost completely in hepatocytes isolated from animals aged 2 days.
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Introduction

Prostaglandin H synthase, also known as cyclooxygenase
(COX), catalyzes the synthesis of prostaglandin H-2 from
arachidonate, and constitutes a key regulatory step in the

biosynthesis of prostanoids (Xie et al., 1991; DeWitt, 1991).
Two COX isoenzymes have been identi®ed in mammals and
they are referred to as COX-1 and COX-2. The two

isoenzymes are encoded by di�erent genes and the control of
its expression, regulation of enzyme activity and physiological
functions are very di�erent (Xie et al., 1991; DeWitt 1991;
Pilbeam et al., 1993; Cro�ord, 1997). COX-1 is constitutively

present in many tissues and is the responsible of the low
prostaglandin synthesis involved in cell homeostasis (Pilbeam
et al., 1993). The expression of this isoenzyme is scarcely

regulated in response to mitogens, hormones or growth factors
(Cro�ord, 1997; DeWitt & Smith, 1988). COX-2 is a highly-
inducible enzyme that is expressed in the course of

in¯ammation or other cellular stresses, and accounts for the
important synthesis of prostanoids that occurs in several
physiopathological situations such as endotoxemia, septic
shock and local in¯ammation of target tissues (DeWitt,

1991; Kujubu et al., 1991; Feng et al., 1995).
Hepatocytes well respond both in vivo and in vitro to

most of the stimuli that positively regulate COX-2

expression in other cells, including LPS, IL-1b, TNF-a, and
reactive oxygen intermediates (DeWitt, 1991; Feng et al.,
1995; Herschman et al., 1995; Williams & DuBois, 1996).

For example, iNOS, another enzyme involved in in¯amma-
tory responses and which activity is controlled at the
transcriptional level, is expressed upon challenge of

hepatocytes with these factors (Curran et al., 1989; Geller

et al., 1993; Casado et al., 1997). However, except for the
expression of COX-2 in Kup�er cells, other liver cells,
including hepatocytes, failed to induce COX-2 transcription

regardless of the stimuli used (Nanji et al., 1997; Zhang et
al., 1995). This segregation of COX-2 from the in¯ammatory
response of activated hepatocytes is rather paradoxical in

view of the widely observed cross-regulation of COX-2 with
other genes that participate in these processes (Williams &
DuBois, 1996; Sweirkosz et al., 1995; Salvemini et al., 1995).
When the expression of COX-2 was investigated in foetal

hepatocytes of 21 days of gestation we observed that these
cells, but not the adult counterparts, induced this enzyme.
Our results show that foetal hepatocytes exhibited an

important COX-2 activity upon challenge with LPS and
pro-in¯ammatory cytokines, whereas this response was
impaired after birth.

Methods

Chemicals

Cytokines, permeant cyclic AMP analogues and LPS from

Salmonella typhimorium were obtained from Boehringer
(Mannheim, Germany) or Sigma (St. Louis, MO, U.S.A.).
Antibodies were from Santa Cruz Laboratories (Santa Cruz,

CA, U.S.A.). Tissue culture dishes were from Falcon
(Lincoln Park, NJ, U.S.A.). Tissue culture media were from
Biowhittaker (Walkersville, MD, U.S.A.). The endotoxin

content of the IL-1b, TNF-a, TGF-b, 8Br-cyclic AMP and
solutions was negligible using the Limulus polyphemus test
(Sigma). NS 398 was from Universal Biological Ltd
(London, U.K.).2Author for correspondence.
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Isolation and incubation of foetal and neonatal
hepatocytes

Hepatocytes from 21 and 22 day-old foetuses were prepared
from pregnant albino Wistar rats (300 ± 350 g) aged 3 months.
Animals were cared following the Institutional Animal Care
Instructions. Neonatal hepatocytes were prepared from

animals aged 0, 1 or 2 days. Animals were fed on a standard
laboratory diet and killed between 9:00 and 10 : 00 h.
Gestational age was assessed by standard criteria and foetuses

were delivered by Caesarean section (Martin-Sanz et al., 1989).
A suspension of foetal or neonatal hepatocytes was prepared
by a non-perfusion collagenase dispersion method that

involved incubation (3 g per ¯ask) of chopped foetal liver for
30 min at 378C with 15 ml of Ca2+-free Krebs-bicarbonate
bu�er containing 0.5 mM EGTA, under continuous gassing

with carbogen (O2/CO2, 19/1) (Martin-Sanz et al., 1989). The
cell suspension was centrifuged (35 g for 2 min) and the cell
pellet was resuspended and incubated for 60 min in the
presence of 2.5 mM Ca2+ and 0.5 mg ml71 of collagenase A

(Boehringer). At the end of the incubation period, the cells
were centrifuged at 506g for 5 min and the resuspended cell
pellet was progressively ®ltered through nylon membranes of

500, 100 and 50 mm mesh. Cell viability was assessed by
Trypan blue exclusion and was always higher than 90%. The
hepatocyte suspension was washed twice with sterile DMEM

medium and then resuspended in this medium supplemented
with 50 mg ml71 of gentamicin, 50 mg ml71 of penicillin G and
50 mg ml71 of streptomycin. Hepatocytes from adult male rats

aged 3 months were prepared by perfusion with collagenase in
Krebs-bicarbonate bu�er under continuous gassing with
carbogen (O2/CO2, 19/1), and following the classic perfusion/
recirculation protocol (Martin-Sanz et al., 1989; Hortelano et

al., 1995). The hepatocyte suspension was washed twice with
sterile DMEM medium and then resuspended as indicated for
the foetal hepatocytes. Foetal, neonatal and adult hepatocytes

were maintained in the absence of serum for 30 min in a 10 cm
dish at 2 ± 36107 cells to remove adherent cells, and then the
suspension was plated at 3 ± 46106 cells in 6 cm tissue-culture

dishes, in a culture medium containing 2.5 ml of DMEM
supplemented with 10% of heat inactivated foetal calf serum.
Four hours after seeding the cells, the medium was aspirated
and the plates were washed twice with PBS to remove the non-

adherent cells. The hepatocytes were maintained in 2 ml of
phenol red-free DMEM supplemented with 2% of heat-
inactivated foetal calf serum (Casado et al., 1997; Martin-

Sanz et al., 1989). The amount of foetal hepatocytes in the
culture was evaluated by immunocytochemistry using an anti-
a-foetoprotein Ab and was higher than 84%. The amount of

cells expressing CD11b/c was also evaluated by immunocy-
tochemistry and was below 5% in these cultures.

Preparation of microsomal fractions

Cultured cells were washed twice with ice-cold PBS and
homogenized with 1 ml of ice-cold extraction bu�er (100 mM

Tris-HCl, pH 7.4; 2 mM EDTA, 10 mg ml71 leupeptin,
20 mg ml71 aprotinin, 0.5 mM phenylmethylsulfonyl¯uoride)
followed by three cycles of 15 s of sonication at 48C. The
homogenates were centrifuged at 10,0006g for 15 min at 48C.
The resulting supernatants were centrifuged at 105,0006g for
1 h at 48C and the microsomal pellets were shared in bu�er

(20 mM Tris-HCl, pH 7.4; 0.2 mM DTT, 0.5% Nonidet P-40).
An aliquot was removed for protein determination (Bio-Rad
protein reagent). Microsomes were boiled in Laemmli sample
bu�er (Laemmli, 1970) and equal amounts of microsomal

protein (20 mg) were loaded to a 10% SDS±PAGE, followed
by Western blotting analysis (see below).

RNA extraction and analysis

Total RNA (3 ± 46106 cells) was extracted following the
guanidinium thiocyanate method (Chomczynski & Sacchi,

1987). After electrophoresis in a 0.9% agarose gel containing
2% formaldehyde the RNA was transferred to a Nytran
membrane (NY 13-N; Schleicher & SchuÈ ell, FRG) with

106SSC (106SSC is 1.5 M NaCl, 0.3 M sodium citrate,
pH 7.4). The membrane was prehybridized and the level of
COX-2, a-foetoprotein and albumin mRNA was determined

using the corresponding full length cDNAs as probes (Gil et
al., 1996), labelled with [a-32P]dCTP using the Rediprime
labelling kit (Amersham). The membrane was washed with

26SSC and 0.5% SDS at room temperature for 10 min and
twice at 428C for 30 min. Quanti®cation of the radioactive
emission was performed in a FUJI BAS1000 detector, avoiding
saturation of the bands, and followed by exposure to X-ray

®lm (Kodak X-OMAT). Normalization of the blots for RNA
lane charge was performed using the hybridization with a
probe speci®c for the 18S-ribosomal RNA inserted into a

PBR322 plasmid and labelled by nick translation (Casado et
al., 1997).

Western blot analysis

The amount of COX-1 and COX-2 was determined in enriched

microsomal preparations. After determining the protein
content, samples were boiled in Laemmli sample bu�er and
equal amounts of protein were size-fractionated in a 10%
acrylamide gel, transferred to a PVDF membrane (Amersham)

and, after blocking with 5% non-fat dry milk, incubated with
anti-COX-1 (1 : 1000) or anti-COX-2 (1 : 1000) from Santa
Cruz Laboratories (Santa Cruz, CA). The blot was revealed

after incubation with horse-radish peroxidase-conjugated IgG
(1 : 2000) and following the ECL protocol (Amersham) as
recommended. Di�erent exposition times were performed in

each blot to ensure the linearity in the band intensities.
Densitometric analysis of the bands was carried out using a
laser densitometer (Molecular Dynamics, Sunnyvale, CA).

Determination of metabolites

PGE2 levels were determined in the culture medium using a

speci®c enzymeimmunoassay (EIA) system and following the
indications of the manufacturer (Amersham). To determine
the amount of NO release nitrate was reduced to nitrite, and

this was measured spectrophotometrically using Griess reagent
as described (Casado et al., 1997).

Immunocytochemistry of COX-2

Cultured foetal (21 days of gestation) hepatocytes were
stimulated for 24 h with 1 mg ml71 of LPS or 10 ng ml71 of

IL-1b and the cell layers were washed with ice-cold PBS and
®xed for 2 min with methanol (7208C). Fixed cells were
blocked for 1 h at room temperature with blocking solution

(3% gelatin in PBS) and then treated for 1 h with a 1 : 50
dilution of anti-rat-COX-2 antibody (Santa Cruz). After two
washes with PBS, the cells were incubated for 30 min at RT

with ¯uorescein-labelled goat-anti-rabbit IgG Ab (Cy3,
Amersham) diluted 1 : 150 in PBS. The cell layers were washed
three times with PBS and analysed in a MRC-100 confocal
microscope (Bio-Rad). The ¯uorescence of the cell was
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digitalized using the Cosmos software (Bio-Rad). Cells
expressing a-foetoprotein were characterized by using a speci®c
antibody and following an identical protocol. Results were

expressed as the total ¯uorescence intensity associated to the
cytoplasmic compartment (Diaz-Guerra et al., 1997).

Data analysis

The number of experiments is indicated in the corresponding
®gure. Statistical di�erences (P50.05) between mean values

were determined by one-way analysis of the variance followed
by Student's t-test.

Results

Foetal hepatocytes express COX-2 in response to LPS
and pro-in¯ammatory cytokines

Primary cultures of hepatocytes prepared from foetal (21-days

of gestation) or adult liver contain constitutively COX-1 as
deduced by the presence of immunoreactive enzyme and a
basal synthesis of PGE2 (Figure 1), although with important

quantitative di�erences between both types of cells (Table 1).
When foetal hepatocytes were incubated with LPS an
important expression of COX-2 was observed as evidenced

by the detection of both the immunoreactive protein and the
corresponding mRNA (Figure 1A). However, COX-2 was not
expressed in adult cells under these conditions (Figure 1A).

Indeed, the COX-2 expressed in foetal hepatocytes was
enzymatically active and a large synthesis of PGE2 was
measured (Figure 1B). In addition to these biochemical
criteria, the nature of the COX isoenzymes present in control

and LPS-activated foetal hepatocytes was assessed using
pharmacological inhibitors of COX-1 and COX-2 enzymes.
As Figure 2 shows, when control or LPS-treated cells were

incubated with increasing amounts of indomethacin, a general
COX inhibitor (Salvemini et al., 1995; Smith et al., 1996), or
with the COX-2-speci®c inhibitor NS 398, the release of PGE2

behaved di�erently depending on the stimulation of the

hepatocytes. NS 398 failed to inhibit PGE2 release in
unstimulated cells, and blocked the synthesis in LPS-activated
foetal hepatocytes. The apparent Ki values were 0.1 and 0.2 mM
for indomethacin in control and LPS-treated cells, and
0.08 mM for NS 398 in cells treated with LPS. These Ki values
were in the range of those previously published (Salvemini et

al., 1995).
To ensure that the absence of COX-2 expression in

adult hepatocytes treated with LPS was not due to a

di�erential kinetic response between foetal and adult
hepatocytes, the time-course of COX-2 protein and PGE2

accumulation was analysed over a 36 h period. As Figure
3 shows, only foetal hepatocytes expressed COX-2 with a

peak at 24 h in the protein levels. Indeed, the absence of
COX-2 expression in adult hepatocytes was not due to a
defect in the LPS-signalling pathway, since LPS-dependent

expression of iNOS was measured as determined by the
accumulation of nitrite plus nitrate in the culture medium
(Figure 3).

The e�ect of pro-in¯ammatory cytokines, growth factors,
liver-acute phase response modulators and second messengers
was tested in an attempt to de®ne conditions favouring COX-2

inducibility in foetal and adult hepatocytes. As Table 1 shows,
good agreement was observed between the immunodetected
COX-2 protein and the accumulation of PGE2 in the culture
medium. Only foetal hepatocytes responded to IL-1b, TNF-a

Figure 1 COX-2 is expressed in cultured foetal hepatocytes stimulated with LPS. Hepatocytes (3 ± 46106 cells) were prepared from
livers of animals of 21 days of gestation or from adult animals and were incubated for 24 h in the absence or presence of 1 mg ml71

of LPS. Microsomal extracts (20 mg of protein) and RNA (15 mg of total RNA, prepared at 8 h after stimulation) were analysed for
the content of COX-1 and COX-2 by Western and Northern blot (COX-2), respectively (A). The accumulation of PGE2 in the
culture medium was measured (note that the levels in adult hepatocytes are very low; see the values in the text (B). The densitometry
of the immunodetected COX-1 and COX-2 protein bands is shown in (B). The amount of COX-2 mRNA was determined after
normalization for the content of ribosomal 18S RNA (B). Results show a representative experiment out of four or the
mean+s.e.mean (n=4) of the PGE2 and band intensities of the Western and Northern blots. *, Denotes P50.001 vs the
corresponding value in the absence of LPS treatment.
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or combinations of both. Permeant cyclic AMP analogues did
not induce COX-2 expression, but rather exerted a moderate

inhibition on the e�ect of LPS. Stimulation of foetal
hepatocytes with LPS or IL-1b plus TNF-a in the presence
of TGF-b resulted in an important decrease of COX-2 protein
levels and activity, indicating an inhibitory e�ect of TGF-b in
the regulation of COX-2 levels in these cells. These results
con®rmed that adult hepatocytes failed to express COX-2
upon challenge with factors related with in¯ammatory

processes.

COX-2 expression is immunolocalized in foetal
hepatocytes challenged with LPS or IL-1b

To further characterize the cells expressing COX-2 in
response to LPS or IL-b, as a model of pro-in¯ammatory

cytokine, immunocytochemical experiments were carried out
in foetal hepatocyte cultures using confocal microscopy. As
Figure 4 shows, an important cell-associated ¯uorescence

was observed in foetal hepatocytes treated with LPS or IL-

1b, but not in the corresponding control. The COX-2-

dependent immuno¯uorescence was detected in the cyto-
plasmic compartment, and associated to the Golgi/
endoplasmic reticulum and the perinuclear envelope. Results

of the quantitative analysis of the distribution of the
¯uorescence are given in Table 2. Moreover, treatment of
the cells with anti-a-foetoprotein antibodies stained 88% of
the cells analysed in Figure 4, therefore representing foetal

hepatocytes the main cell population in the culture.

Table 1 E�ect of extracellular stimuli and permeant cyclic AMP analogues on COX-2 expression in cultured foetal and adult
hepatocytes

Hepatocytes Foetal Adult
Protein, band intensity PGE2 ngmg

71 Protein, band intensity PGE2 ng mg71

Treatment (a.u.) of protein (a.u.) of protein

None
LPS, 1 mgml71

IL-1b, 10 ngml71

TNF-a, 10 ngml71

IL-1b+TNF-a
LPS+IL-1b+TNF-a
IL-6, 10 ngml71

8Br-cAMP, 0.2 mM

TGF-b, 1 ngml71

LPS+8Br-cyclic AMP
LPS+TGF-b
TNF-a+IL-1b+TGFb

51
100
67
53
135
145
2

51
51
87
68
14

6+1
52+4**
35+3**
24+4**
75+6**
84+9**
7+1
5+1
3+1
44+4**
35+2**
11+1*

51
51
51
51
51
51
51
51
51
51
51
51

0.05+0.01
0.15+0.03
0.09+0.01
0.16+0.01
0.16+0.02
0.10+0.01
0.05+0.01
0.04+0.01
0.04+0.01
0.07+0.01
0.05+0.01
0.04+0.01

Hepatocytes were treated for 24 h with the indicated stimuli and the amount of COX-2 protein associated with the microsomal fraction
(analysed by Western blot) and the accumulation of PGE2 in the culture medium were measured. Results show the mean of the COX-2
band intensities of two experiments (protein detected by Western blot), in which the content of cells treated with LPS was considered as
100. The levels of PGE2 (mean+s.e.mean) were determined in three experiments, *P50.05, **P50.01 versus the control condition.

Figure 2 Dose-dependent inhibition of PGE2 release by COX
inhibitors in cultured foetal hepatocytes. Cells were incubated for
24 h in the absence (left panel) or in the presence of 1 mg ml71 of
LPS (right panel) and the indicated amounts of indomethacin or NS
398 and the PGE2 accumulation was determined. The amount PGE2
released in control and LPS stimulated cells was 5.4+0.3 and
63.4+5.3 ng mg71 of protein, respectively. Results show the mean of
two experiments assayed per duplicate.

Figure 3 Time course of COX-2 expression in foetal and adult
hepatocytes. Cultured foetal and adult hepatocytes were challenged
with 1 mg ml71 of LPS and the amount of COX-2 protein and PGE2
accumulation were analysed at the indicated times. The amount of
nitrate plus nitrite in the culture medium was determined to ensure
that adult hepatocytes responded to LPS challenge. Results show the
means+s.e.mean of three experiments in which the band intensities
of the Western blots (upper part of the panel) was measured. The
PGE2 and COX-2 protein values corresponding to adult hepatocytes
are overlapped (*, &). *, and **represent P50.01 and P50.001 vs
the corresponding value at time 0 h.
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LPS-dependent COX-2 expression is impaired after birth

To establish the moment in perinatal development at which

hepatocytes fail to induce COX-2 expression in response to
challenge with LPS or pro-in¯ammatory cytokines, hepato-
cytes from animals of di�erent ages were prepared. As Figure 5

shows, the immunodetection of COX-2 in foetal hepatocytes at
day 21 and 22 of gestation was similar. However, the
expression of COX-2 was reduced to 50% in hepatocytes

prepared from animals at birth, and was negligible (1.2% of
the value at 21 days of gestation) 2 days after birth.

The mRNA levels of a-foetoprotein and albumin were
measured in these preparations and an important switch in the

transcription of both genes was observed around birth.
However, the changes in the kinetic pro®le of a-foetoprotein/
albumin transcription were more extended in time than the fall

in COX-2 inducibility.

Discussion

Prostaglandins have been recognized as important mediators

of hepatic, renal, cardiovascular and pulmonary functions and
their synthesis is altered in the course of several physiopatho-
logical situations (DeWitt, 1991; Otto & Smith, 1995;
Kurumbail et al., 1996). The basal synthesis of PGE2 in foetal

hepatocytes is two-orders of magnitude higher than in the
corresponding adult counterparts, and COX-1 is the enzyme
responsible for this activity. However, biochemical and genetic

studies point to COX-2 expression as the main contributor of

prostanoid synthesis under pathological circumstances (De-

Witt, 1991; Pilbeam et al., 1993; Tsuji & DuBois, 1995;
Morham et al., 1995; Feng et al., 1993; DeWitt & Smith, 1995),
and therefore, the study of the mechanisms controlling the

expression of COX-2 has constituted an area of intense
research in the past years (DeWitt & Smith, 1995). Since both
foetal and adult hepatocytes respond to pro-in¯ammatory

stimuli we focused our attention on the response of these cells
in terms of COX-2 expression. Indeed, COX-2 expression has
not been described previously in hepatocytes, and only a

contribution by Kup�er cells is well documented (Nanji et al.,
1997; Zhang et al., 1995).

Our data show that adult hepatocytes failed to induce
COX-2 in response to a wide array of stimuli, including LPS

and pro-in¯ammatory cytokines. However, primary cultures
of foetal hepatocytes expressed COX-2 upon challenge with
LPS or pro-in¯ammatory cytokines, as assessed by the

detection of the corresponding mRNA, protein levels, and
PGE2 synthesis. Selective inhibition of COX-2 with NS 398
(Salvemini et al., 1995) reinforced the identi®cation of this

isoenzyme in activated foetal hepatocytes. To our knowledge,
this is the ®rst description of COX-2 expression in foetal
hepatocytes, at the time that our results suggest the existence of

a process that impairs COX-2 inducibility in the hepatocyte
immediately after birth.

The absence of COX-2 expression in adult hepatocytes
cannot be attributed to a lack of signalling of the stimuli used

since, for instance, the cells well responded in terms of NO
synthesis. However, some cases have been reported in which a
restricted expression of COX-2 has been observed. For

example, in microglial cells LPS, but not pro-in¯ammatory

Figure 4 COX-2-dependent immuno¯uorescence of hepatocytes. Cultured foetal hepatocytes were treated for 24 h with 1 mg ml71

of LPS or 20 ng ml71 of IL-1b. After ®xing with cold methanol (7208C), the cells were incubated with an anti-rat-COX-2 or anti-
rat-a-foetoprotein antibodies (1 : 50 dilution) and revealed with a Cy3-labelled secondary antibody. The cells were analysed by
confocal microscopy and the ¯uorescence intensity was digitalized and measured. The quantitative analysis of the average
¯uorescence intensity in the cytoplasm is shown in Table 2.

Table 2 Measurement of COX-2 expression in primary cultures of foetal hepatocytes by confocal microscopy

Treatment Antibody
Fluorescence

(a.u.)
% of stained

cells

None
LPS, 1 mgml71

IL-1b, 20 ngml71

None
LPS, 1 mgml71

IL-1b, 20 ngml71

COX-2
COX-2
COX-2
a-foetoprotein
a-foetoprotein
a-foetoprotein

50.8 (23)
29+3.4 (25)
24+2.5 (20)
33+4 (15)
29+4 (20)
30+3 (27)

52
69
61
89
83
87

Hepatocytes were treated for 24 h with the indicated stimuli and after ®xing and permeabilization with cold methanol the
amount of COX-2 and a-foetoprotein was determined using 1 : 50 dilutions of anti-rat COX-2 and a-foetoprotein
antibodies. The ¯uorescence was digitalized and the emission corresponding to 20 ± 25 cells was evaluated. Results show
the average ¯uorescence+s.e.mean for the number of cells analysed given in parenthesis.
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cytokines, induced COX-2 (Bauer et al., 1997). For this reason

we used several combinations of stimuli, although all of them
failed to induce COX-2 in adult hepatocytes.

Immunocytochemical analysis of foetal cells expressing
COX-2 revealed that this was a general response of

hepatocytes treated with LPS or IL-1b. The intracellular
localization of the ¯uorescence, cytosolic and associated to the

membranes of the endoplasmic reticulum and around the
perinuclear envelope, was in agreement with previous reports
(Morita et al., 1996). However, the staining was completely

negative in adult hepatocytes (not shown), con®rming previous
studies (Ledwith et al., 1997). In agreement with these results it
should be mentioned that immortalized liver cells, that
presumably have lost most of the characteristics of the

hepatocyte phenotype, express COX-2 upon challenge with
di�erent bacterial and pro-in¯ammatory factors or tumour
promoters (Ledwith et al., 1997), suggesting that the speci®c

di�erentiation of hepatocytes in the adult animal contributes
to abolish COX-2 expression. Regarding the mechanism
responsible of the suppression of COX-2 inducibility in adult

hepatocytes we can only speculate that it might be related to
transcription factors that are expressed, repressed or modi®ed
following birth. However, it is di�cult to propose a likely

candidate since the expression of most of these tissue-speci®c
transcription factors occurs earlier in development (Cereghini,
1996; Bisgaard et al., 1996). Further analysis of the structure
and activity of the COX-2 promoter during this period should

provide the basis of the loss of inducibility.
The biological relevance of COX-2 expression in foetal

hepatocytes remains to be established. However, it has been

proposed that COX-2 has an important role in early stages of
pregnancy (Majerus, 1998), in the response against pathogens
invading the foetal territory (Reisenberger et al., 1998), or

controlling the growth of foetal cells.
Finally, the identi®cation of the mechanism responsible of

the lack of COX-2 inducibility could contribute to a better

understanding of those situations in which a progressive de-
di�erentiation of liver occurs and presumably a gain in COX-2
responsiveness appears. In this regard, abrogation of COX-2
activity both at the pharmacological and genetic levels

suppresses intestinal polyposis, and suggests a role for COX-
2 in tumorigenesis (Oshima et al., 1996; Williams et al., 1996).

The authors thank Dr A. Alvarez from Centro de CitometrõÂ a de
Flujo de la Universidad Complutense for help in the experiments of
confocal microscopy. This work was supported by grants FIS92/
0267 and PM95-007 from CICYT (Spain).

Figure 5 COX-2 expression is abrogated after birth. Cultured
hepatocytes from foetal, neonatal and adult animals were stimulated
with 1 mg ml71 of LPS and the amount of COX-2 protein was
measured. In parallel, the levels of a-foetoprotein and albumin
mRNA were determined. Results show the means+s.e.mean (n=3)
of the densitometries of the bands, upon normalization for the
content of 18S ribosomal RNA in the case of Northern blot analysis.
*denotes P50.001 vs the COX-2 protein levels at day 22 of
gestation.
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