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Abstract~yclooxygenase (COX), a key enzyme in the formation of prostanoids, is known to exist in 
two isoforms: an inducible enzyme (COX 2) and a constitutive form (COX 1). Both enzymes are 
inhibited by non-steroidal anti-inflammato~ drugs (NSAID), but only marginal selectivity has thus far 
been reported. In this study, we report on a novel selective inhibitor of COX 2, CGP 28238 (6-(2,4- 
difluorophenoxy)-S-methyl-sulfonylamino-l-indanone). Human washed platelets were used as a source 
of COX 1. For IL-1 stimulated rat mesangial cells we demonstrated the almost exclusive presence of 
COX 2 in western blot and mRNA analysis. Therefore these two model systems were chosen for 
selectivity testing. With an IC 5. value of 15 nM, CGP 28238 blocked COX 2 activity in a similar 
concentration range to that of other potent NSAID such as indomethacin and diclofenac (K&J = 1.17- 
8.9 nM). However, in contrast to these reference NSAIDs, CGP 28238 was at least lOOO-fold less potent 
in inhibiting COX 1. Using other cell systems reported to express COX 1 or COX 2, we obtained a 
similar selectivitv for COX 2. Thus, on the basis of our findinns, CGP 28238 is a novel, highlv ootent 
and selective inhibitor of COX 2 and may be a lead compou& for a new generation of potent anti- 
inflammatory drugs with an improved side-effect profile. 

I(ey words: non-steroidal anti-inflammatory drugs; cyclooxygenase; arachidonic acid metabolism; 
interleukin 1; mesangial cell; reverse trans~ption-pol~erase chain reaction 

The prostanoids, consisting of prostaglandins, 
prostacyclin and thromboxane, act locally in a 
paracrine and autocrine manner and modulate 
cell and tissue responses in physiological and 
pathophysiological processes. Recent findings have 
demonstrated that two isoenzymes of COXP catalyse 
the conversion of AA to PGH2, the precursor for 
prostanoid biosynthesis. Because of this central 
function in the arachidonic acid cascade, the enzyme 
is of physiological and ph~macological importance 
in the regulation of prostanoid synthesis. 

The isoforms COX 1 and COX 2 are encoded by 
separate genes and differ in their regulation and 
tissue distribution. COX 1, a housekeeping gene 
expressed constitutively, is assumed to be responsible 
for producing prostanoids for physiological functions 
such as vascular homeostasis, regulation of renal 
blood flow and maintenance of glomerular filtration 
rate [l]. COX 2, an immediate early gene during 
inflammatory responses, appears to be expressed 
only by specific stimulatory events. Inflammation 
mediators such as growth factors, cytokines and 
endotoxin dramatically induce the enzyme expression 
in different cellular systems [Z, 31. Furthermore, the 
induction of this isoform is do~regulated by 
glucoco~icoids 141. This has led to the hypothesis 
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J Abbreviations: COX, cyclooxygenase; IL-l, interleu- 
kin l/3; NSAID, non-steroidal anti-inflammatory drugs; 
RMC, rat mesangial cells; AA, arachidomc acid; TxA2, 
thromboxane Az; PGHI, 15(S)-hydroxy-9,11-[epidioxyl- 
prosta-5,13(Z,E)-dienoic acid; RT-PCR, reverse tran- 
scription-polymerase chain reaction. 

that a highly expressed COX 2 is responsible for the 
high levels of prostanoids present in inflamed tissues. 
It is generally accepted that both cyclooxygenases 
are important targets for NSAID [5,6]. Aspirin, 
indomethacin and ibuprofen inhibit COX 1 and 
COX 2, which explains their anti-inflammatory 
effects as well as their most common side-effects, 
gastro-intestinal bleeding and renal dysfunction [7], 

Although COX 1 and COX 2 proteins share a 
high degree of homology (60-70%), several studies 
with available NSAID have demonstrated that the 
two isozymes can be inhibited differentially [8,9] 
but a factor of 8 for preferential COX 2 inhibition 
over COX 1 has been the maximum reported [S]. 
We investigated the inhibitory action of a novel 
compound, CGP 28238, for which potent anti- 
inflammatory activity and excellent gastro-intestinal 
tolerability has been reported [lo, 111. Our data 
point to a minimum of more than lOOO-fold higher 
inhibitory activity of CGP 28238 for COX 2 over 
COX 1 for this novel NSAID. 

MATJZRIALS AND ~~0~ 

Cell culture media were obtained from GIBCO 
(Eggenstein, F.R.G.) except for the insulin- 
transferrin-selenite supplement (Boehringer 
Mannheim, Mannheim, F.R.G.). Recombinant 
human (rh)IL-l#I was kindly provided by Dr 
K. Vosbeck (Ciba, Base& Switzerland). [14C]- 
Arachidonic acid (53 mCi/mmol) was purchased 
from DuPont (Dreieich, F.R.G.); organic solvents 
were obtained from Merck (Darmstadt, F.R.G.); 



1606 T. KLEIN er al. 

and polyclon~ antibodies directed against COX 2 
as well as prostanoid standards were from Cayman 
Chemicals (Gif, France). The ECL kit and 
nitrocellulose membranes (Hybond-C) were pur- 
chased from Amersham (Braunschweig, F.R.G.). 
Diclofenac as well as indomethacin were purchased 
from Sigma (Deisenhofen, F.R.G.). Primers were 
synthesized by MWG-Biotech (Ebersberg, F.R.G.), 
AmpliTaq polymerase was obtained from Perkin- 
Elmer (Weiterstadt, F.R.G.) and Superscript reverse 
transcriptase from GIBCO (Eggenstein, F.R.G.). 
CGP 28238 was kindly provided by Dr I. Wiesenberg- 
Boettcher (Ciba, Basel, Switzerland). 

Cell cuZture 

Human washed platelets and monocytes were 
isolated from fresh blood as reported recently 
[12,13]. 

Rat mesangial cells were used between passage 5 
and 10 (with a constant split ratio of 1:3) [14]. 
Cultures were maintained under growth conditions 
in RPM1 1640 supplemented with insulin (5 pg/mL), 
transferrin (5 pg/mL), sodium selenite (5 pg/mL), 
L-glutamine (1%)) penicillin (100 U/mL), strep- 
tomycin (100 ,ug/mL), containing 10% FCS; growth 
was then arrested by low serum conditions (0.5% 
FCS) without penicillin and streptomycin for 24 hr. 
The cells were stimulated under low serum conditions 
with IL-l/3 (1 nM) for 24 hr and the supernatants 
collected for determination of endogenously gen- 
erated 6-keto-PGF1, by radioimmunoassay [15] and 
nitrite by the Griess reagent [ 161, Cells were washed 
and fresh medium was added 15 min prior to 
arachidonic acid stimulation. 

Differential western blot analysis 

Following 24 hr stimulation mesangial cells were 
washed twice with ice-cold PBS scraped off in PBS 
containing 15 mM EDTA, 1 mM PMSF, 10 pg/mL 
aprotinin and 0.2 mg/mL cuz-macroglobulin, and 
pelleted. Cell pellets were solubilized in the same 
buffer contai~ng 1% Triton X-100 (lysis buffer). 

Immunoblot analysis for both COX isoforms was 
performed as follows: solubilized cell lysates with 
equal amounts of protein were separated by a 10% 
SDS-PAGE and blotted for 1.5 hr with a constant 
current of 300 mA on to a nitrocellulose membrane 
in a semidry blot procedure (25 mM Tris/192 mM 
glycine/20% methanol). Proteins were visualized 
with a 5% solution of Ponceau S to check transfer 
efficiency. After destaining, the membrane was 
blocked with 5% milk powder in PBS/O.l% Tween 
20 for 2 hr. A polyclonal antibody directed against 
COX 2 was applied in a dilution of 1: 500 for 2 hr 
in a humid chamber. The blot was washed several 
times with PBS-Tween and incubated with a goat 
anti-rabbit antibody in a dilution of 1:7500 for 
45 min. For detection of COX 1, the membrane 
[after stripping off anti-COX2 antibody with 100 mM 
Tris-HC1/2% SDS/100 mM @mercaptoethanol 
(pH 6.7) for 30 min at 60”] was reprobed with a 
polyclonal antibody [13] which cross-reacts with both 
isoforms. Antibody binding was visualized by the 
enhanced chemiluminescence technique, according 
to the instructions of the supplier (Amersham). 

~~~loox~gen~e activi~ and product characterization 
in whole cells and cell &sates 

WhoZe cells. After preincubation with different 
stimuli, cells were rinsed twice with PBS and the 
different cyclooxygenase inhibitors added. Following 
15 min incubation the cells were washed and 
stimulated with 14C-labelled arachidonic acid (final 
concentration 2 PM) or 5 ,uM [14C]PGHZ synthesized 
as described in [17], for 15 min and S min, 
respectively, at 37”. The reaction was stopped by 
scraping off the cells with a rubber policeman and 
the cell suspension was transferred to 4v/v 
ethylacetate. Radioactive products were extracted 
at pH 3 into the organic solvent, gently evaporated 
under Nz and subsequently separated by thin layer 
chromatography (ethyl-acetate : HZ0 : isooctane : 
acetic acid/90 : 100: 50: 20). The amount of pro- 
stanoid production was quantified by autoradio- 
graphy, following visualization with a phos- 
phoimaging system (Image Quant; Molecular 
Dynamics) and expressed as % radioactivity of total 
amount of extracted radioactivity. Thereafter, the 
location of authentic prostanoids was visualized with 
iodine vapour, and the radioactive zones were 
identified. Prostacyclin synthesis was monitored by 
the formation of 6-keto PGF1, and TxA2 formation 
by its stable hydrolysis product TxB2. XC, values 
were determined by ~omputeral analysis (Graphpad) 
from at least four independent experiments. 

CelZ homogenates. Stimulated RMC or platelets 
were sonificated in lysis buffer, preincubated for 
15 min with the indicated inhibitors and then 
stimulated in the presence of the cofactors hematine 
(2 ,uM), glutathione (5 mM) and L-tryptophan 
(5 mM) with 10 PM [14C]AA for 15 min at 37”. The 
following steps were performed as described above. 

Whole cell RT-PCR analysis 

Cells (1.2 x 106) were washed in PBS, and 
resuspended in DEPC-treated Hz0 containing 10 U 
RNasin and lysed for 30 min on ice. Cells were 
pelleted by &ent~~gation and the RNA-containing 
supernatant was used for specific reverse transcription 
with Superscript reverse transcriptase and the wobble 
primer PCOXRl(S’-A(G/C)AGCTCAGT(G/T)- 
GA(A/G)CG(C/T)CT-3’) complementary to a 
homologous 3’-part of mouse COX 1 and 2. This 
approach allowed a specific and simultaneous 
transcription of both COX-isoenzymes. After 
removal of excess primers for transcription, PCR 
amplification was performed using the cDNA with 
the primer PCOXFl (5’-GGAGAGAAGGA(A/ 
G)ATGGCTGC-3’), corresponding to a homologous 
5’-part of COX 1 and 2, and PCOXRZ (5’- 
ACCCGTCAT~CCAGGGTAA-3’) as antisense 
primer specific for COX 1 and PCOXR3 (5’- 
ATCTAGTCTGGAGTGGGAGG-3’) as antisense 
primer specific for COX 2. The reactions were cycled 
35 times in a cycle profile for 45 set at 94”, 45 set at 
50” and 45 set at 72” after a 5 min denaturing step 
at 95”. Amplification products were analysed by 2% 
agarose gel electrophoresis and ethidium bromide 
staining. The identity of the fragments was evaluated 
by their molecular mass and restriction enzyme 
pattern. 
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Fig. 1. Chemical structure of CGP 28238. 

RESULTS AND DISCUSSION 

CGP 28238 [6-(2,4-difluorophenoxy)-S-methyl- 
sulfonylamino-1-indanone; Fig. l] was reported to 
be a highly potent anti-inflammatory compound with 
significantly improved gastrointestinal safety. In 
various acute and subchronic rat models for anti- 
inflammatory, analgesic and antipyretic activity 
the compound was shown to be equipotent to 
indomethacin [lo, 111. 

To determine whether this drug, compared to 
reference NSAID such as indomethacin and 
diclofenac, exhibits a selectivity for one of the COX- 
isoenzymes, we used two model systems: human 
washed platelets, known from various studies to host 
only COX 1, were taken to study inhibitory effects 
on the constitutive enzyme; and IL-l-stimulated rat 
mesangial cells were used as a source of the inducible 
enzyme. 

Immunoblot analysis with a polyclonal antibody 
reacting exclusively with COX 2 demonstrated a 
strong band of approximately 70 kD in IL-l- 
stimulated mesangiaf cells, consistent with data 
recently publish~ [18]. Interestingly, a weak band 
for COX 2 was also observed in control cells, COX 
1 being only barely detectable (data not shown). 
The induced appearance of the 70 kD protein was 
totally abolished by coincubation with 1 @I 
dexamethasone (Fig. 2), a typical feature of COX 
2. Further, RT-PCR with primers specific for COX 
1 and 2 amplified fragments of predicted sizes in 
control cells. In IL-l-treated cells, a dramatic 
elevation in the amplification of the COX 2 fragment 
was observed, indicating an increase in COX 2 
mRNA expression. COX 1 mRNA remained 
unchanged (Fig. 3). As a control, amplification of a 
fragment of pactin revealed no difference in IL-l- 
stimulated and control cells (Fig. 3). Taken together, 
the above data confirm our presumption of IL-l- 
stimulated rat mesangial cells as a suitable COX 2 
model system. As an additional marker of IL-l- 
induced cell stimulation, the concentration of nitrite 
and 6-keto PGFi, was measured in the supernatant, 
as it has been reported that IL-l induces nitric oxide 
synthase in rat mesangial cells [19]. 

First, we determined the inhibitory action of 
indomethacin, diclofenac and CGP 28238 on COX 
1 in human platelets. As shown in Table 1 and Fig. 
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Fig. 2. Immunoblot analysis of COX 2 induction in rat 
mesangial cells. Detection of IL-1 induced COX 2 in rat 
mesangial cells with an antiCOX 2 antibody. Lane 1, 
control cells; lane 2, IL-1 treated RMC; lane 3, cells treated 
with IL-1 in the presence of 1 PM dexamethasone; lane 4, 
cells treated with IL-l in the presence of 1 @I 
cycloheximide. Total cellular protein was 200 pg of Triton 
solubilized cell lysates. Values displayed below represent 
the endogenous production of nitrite and 6-keto-PGF,,. 

4A, all compounds inhibited the conversion of 
exogenously added arachidonic acid to TxB2 
concentration dependently, although with remark- 
ably different potencies. Whereas indomethacin and 
diclofenac inhibited with ICKY values of 1.5 nM and 
17.9 nM, respectively, an inhibitory action of CGP 
28238 could only be observed at much higher 
concentrations (Table 1). The determined IC,, of 
72.3 PM for the inhibition of COX 1 is about 50,000- 
fold higher than the IC, value of indomethacin and 
~~-fold higher than the 1% of diclofenac. 

Next, we analysed the in~bito~ potential of these 
NSAIDs on intact rat mesangial cells (COX 2). For 
CGP 28238 we determined an lcso value of 14.7 
nM, showing an equipotent inhibition of COX 2 
compared to indomethacin (rcsa = 8.9 nM) and 
diclofenac (ICKY = 1.2 nM). This is of interest since 
CGP 28238, indomethacin and diclofenac are com- 
parably active as anti-inflammatory compounds. 
The ratio rc5~.cox 1/Ic50_cox z of approximately 5000 
for CGP 28238 demonstrates a high selectivity of 
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Fig. 3. Whole cell PCR of rat mesangial cells for COX 1 and COX 2. RT-PCR analysis of the 
cyclooxygenase isoform mRNA of 1.2 x lo6 of non-stimulated or IL-l-stimulated cells was performed 
as described under Materials and Methods. Lanes 1 and 2, control cells; lanes 3 and 4, IL-1 stimulated 
cells; the primers used were PCOX Fl and PCOX R2 for COX 1 (lanes 1 and 3) and PCOX Fl and 

PCOX R3 for COX 2 (lanes 2 and 4). The control amplified mRNA for pactin is indicated below. 
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Fig. 4. Inhibitory effect of different NSAID on platelets 
COX 1 (A) and induced rat mesangial cell COX 2 (B). 
Cells were preincubated with the indicated concentrations 
of the different NSAID for 15 min and 5 ,uM [‘4C]AA was 
then added. Generated prostanoids were chromatographed 
and IC,, values determined as described under Materials 
and Methods. All values represent four independent 
experiments? SE. The icsO values determined are 

summarized in Table 1. 

Table 1. IC, values of different NSAID in platelets and in 
mesangial cells 

CGP 28238 Indomethacin Diclofenac 

Platelets (COX 1) 72.3 PM 
RMC (COX 2) 14.7nM 
Ratio -5000 

1.5nM 17.9 nM 
8.9 nM 1.2nM 

0.15 15 

The ratio (icsacox ,/K&.~-~ J gives a description of 
efficiency in inhibition of COX 2 relative to COX 1. The 
ICKY values were determined from the concentration 
dependencies in Fig. 4. 

Table 2. Effect of CGP 28238 in~bition on thromboxane 
and prostacyclin synthase activity 

Control CGP 28238 

Platelets TxB2 32.3 -t 0.66 32.4 -c 1.6 
RMC 6-keto-PGF1, 1.9 -c 0.2 2.1 * 0.4 

Platelets or IL-l-stimulated RMC were incubated for 
5 min with 5 FM [r4C]PGHz in the presence or absence of 
500 PM CGP 28238. The given products were analysed by 
thin layer chromatography. The values represent % 
conversion of total extracted radioactivity. 

this drug for COX 2. These results may explain the 
favourable side-effect profile of CGP 28238 in 
comparison to indomethacin and diclofenac [ll]. 

Comparing our results with published data, the 
selectivity of CGP 28238 for COX 2 is about 7OO- 
fold higher than that of 6-methoxy-2-naphthyl acetic 
acid [S], the active metabolite of nabumetone, and 
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Table 3. IC, values for CGP 28238 inhibition on the 
metabolism of endogenously released arachidonic acid 

CGP 28238 Stimulus 

Platelets (COX 1) 42~ Thrombin [l U/mL] 
RMC (CGX 2) 35 nM Angiotensin II IlOO nM] 

Human plateiets were labelled with IA4C1AA for 2 hr. 
After wash&g, the platelets were stimul~ted~or 3 min with 
thrombin (1 U/mL) and TxB, formation was identified bv 
thin layer ~hro~mat~g~a~hy. The conversion of endogenous 
AA to 6-keto PGF,, in IL-1 stimulated RMC, treated with 
100&l angiotensin II for 30min, was measured in eel1 
supernatants by RIA. rcM values were calculated from 
inhibition of increasing concentrations of CGP 28238. 

1000 times greater than that of BF-389 161. Both 
compounds were reported to be more selective 
inhibitors of the COX 2 isoenzyme. To exclude the 
possibility that the inhibitory action of CGP 28238 
is due to the inhibition of the secondary enzymes of the 
arachidonic acid metabolism, namely thromboxane 
synthase and prostacyclin synthase, we investigated 
the effect of CGP 28238 on the enzyme-catalysed 
conversion of PGH, to thromboxane and prosta- 
cyclin. Even in concentrations up to 500pM no 
inhibitory effect of CGP 28238 on thromboxane 
synthase activity in platelets or prostacyclin synthase 
activity in rat mesangial cells was observed (Table 
2). 

In order to investigate drug effects on the 
conversion of AA from endogenous pools, we 
labeled platelets and IL-l-stimulated mesangial cells 
with [14C]AA and then analysed the effect of CGP 
28238. Platelets were stimulated with thrombin and 
rat mesangial cells with angiotensin iI to mimic 
physiolo~cal situations. We observed a similar 
selectivity of CGP 28238 in inhibiting COX 2 in rat 
mesangial cells with an lcso value of 35 nM compared 
to COX 1 inhibition in platelets @es0 = 42 ,u.M; Table 
3). Notably, the phospholipase A2 step was 
unaffected by CGP 28238 (unpublished results). 

To exclude the possibility that the availability of 
AA across the membrane or from phospholipids was 
affected by CGP 28238 and consequently that an 
interaction upstream of the COX step might occur, 
we studied the inhibitory potential of the compound 
in cell lysates. As seen in Fig. 5, CGP 28238 inhibited 
solubilized COX 2 with an 1~50 value of approximately 
10 nM to the same extent as in intact mesangial cells. 
COX 1 in homogenates of platelets was only inhibited 
in concentrations above 10 PM. 

To extend these findings further we also tested 
the inhibition of COX activity by CGP 28238 in 
other well-characterized cell systems (Table 4). In 
TPA-treated HEL cells which after 72 hr stimu- 
lation express COX 1 exclusively [20,21] and in 
LPS-stimulated human monocytes, expressing high 
levels of COX 2 after 14 hr of stimulation, we ob- 
tained comparable results. CGP 28238 was nearIy 
inactive in inhibiting prostanoid production in 
HEL-celis (COX 1: 1~50 > 10 m), but very potent 
in LPS-stimulated monocytes (COX2: lcso = 38 nM). 

I 
.OOOl ,001 .Ol .I 1 10 I 

CGP 28238 [NM] 

Fig. 5. Concentration dependency of CGP 28238 inhibition 
in cell homogenates of RMC and platelets. Platelets or 
IL-l-stimulated RMC were disrupted in the presence of 
1% Triton as described and incubated with 5 MM [14C]AA 
in the presence of the indicated concentration of CGP 
28238. After extraction, TX& and 6-keto PGF1, formation 

was detected by thin layer chromatography. 

Table 4. IQ values for CGP 28238 inhibition in human 
monocytes and HEL cells 

CGP 28238 Stimulus 

HEL cells (COX 1) >lOpM TPA [la0 nM] 70 hr 
Monocytes(COX 2) 38 nM LPS [t pg/mL] 14 hr 

HEL cells and human monocytes were treated as 
indicated below. The cells were preincubated for 15 min 
withva~ousconcentrationsof CGP28238. Fivemicromolar 
[i4C]AA was added for 15min and prostanoids were 
extracted and determined as described under Materials 
and Methods. 

In summary, we report here the inhibitory profile of 
a highly specific COX 2 inhibitor. The metabolism 
of endogenous and exogenous AA in cells 
predominantly or exclusively containing COX 2 and 
also by the solubilized COX 2 enzyme is blocked by 
CGP 28238 in nanomolar concentrations, whereas 
in all systems measuring COX 1 activity, CGP 28238 
was only marginally active. On the basis of these 
results it should be possible for clinical use to 
synthesize selective COX 2 inhibitor which 
effectively suppress the production of pathologically 
relevant prostanoids without affecting the synthesis 
of prostanoids essential for physiolo~cal functions. 

During preparation of this manuscript a new 
compound (NS-398) with a selectivity for COX 2 
was reported [22]. However, no chemical structure 
was given, and the maximal inhibition of COX 2 
isoenzyme of this compound amounted to 60%. 
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