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Dimethylcelecoxib (DMC), a derivative of celecoxib, has been developed to distinguish
between the COX-dependent and COX-independent anti-carcinogenic effects of celecoxib.
Although DMC has been shown to have no COX-inhibitory activity, it is important to ensure
that DMC has no other influence on prostaglandin production. Interestingly, in this study we
show that DMC inhibits PGE, production in vitro in the low micromolar range in different
cancer cell lines. This effect can be at least partly explained by our findings that DMC inhibits
microsomal prostaglandin E synthase-1 (mPGES-1) activity in a cell-free assay. Moreover, it
prevents mPGES-1 up-regulation after stimulation of Hela cells with IL-18 and TNFa.
Conversely, DMC has no effect on the expression levels of COX-1, COX-2, cytosolic PGES
(cPGES) or mPGES-2 in these cells. However, in the cell-free assay DMC inhibits mPGES-1 to a
maximum of 65% only and concentrations needed for inhibition of mPGES-1 activity are
about 10-fold higher than needed for inhibition of PGE, production in cell culture. This
suggests that DMC also has an impact on other proteins involved in PGE, production. In cell
culture experiments the anti-proliferative effect of DMC, measured by the WST-1 assay,
seems not to be dependent on PGE, inhibition, as DMC was equally effective in unstimulated
HelLa cells as well as in stimulated HeLa cells, and the addition of external PGE, did not
reverse the anti-proliferative effect of DMC in HCA-7 cells. We conclude that DMC is not a
suitable non-prostaglandin-inhibiting control substance for research purposes.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

with familial adenomatous polyposis, which is a precancerous
disease. Coxibs were primarily developed to spare gastro-

Celecoxib, a selective cyclooxygenase-2 (COX-2) inhibitor,
exhibits exceptional anti-proliferative properties in compar-
ison to other COX-2 selective inhibitors (coxibs). As a
consequence celecoxib is the only non-steroidal anti-inflam-
matory drug (NSAIDs) approved for the treatment of patients

intestinal site effects as compared to traditional NSAIDs. Both,
traditional NSAIDs and coxibs are used for treatment of
rheumatoid arthritis and have anti-inflammatory, analgesic
and anti-pyretic effects, which can be mainly attributed to
their COX-2-inhibitory potency. With respect to their anti-
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carcinogenic activity the molecular mechanism is not as clear.
Even though it is known that COX-inhibition plays a crucial
role in the anti-carcinogenic effect of NSAIDs (reviewed in
[1-4]), several COX-independent mechanisms have been
ascertained to be also of importance (reviewed in [5-7]).
COX-2 independent mechanisms have been identified on the
one hand by the use of cancer cell lines which do not express
COX-2 but were also sensitive against the anti-proliferative
effect of COX-2 inhibitors [8]. On the other hand when
non-COX-inhibitors, with high structural similarities to
COX-inhibitors, were applied they also demonstrated anti-
proliferative effects [9,10]. One of these substances is DMC
(dimethylcelecoxib = {4-[5-(2,5-dimethylphenyl)-3(trifluoro-
methyl)-1H-pyrazol-1-yl]benzenesulfonamide}) which is a
close derivative of celecoxib. The synthesis of DMC was first
published by Song et al.,, who investigated the anti-tumor
activity of celecoxib and various celecoxib derivatives with the
aim to dissociate between the apoptosis-inducing activity
from the COX-2-inhibitory activity of celecoxib [11]. Seven
compounds were synthesized with various COX-2 inhibitory
activities. Compound 7 (later known as DMC) was described to
have no COX-2 inhibitory activity but was a highly potent
inducer of apoptosis and therefore used as control substance
to investigate COX/PGE,-independent mechanisms involved
in the anti-carcinogenic effect of coxibs. The indicated ICs,
value of DMC for COX-2 inhibition was taken from a
publication of Penning et al., however, in this paper DMC
was not experimentally tested [12]. Thus, the first evidence,
showing that DMC is not a COX-2 inhibitor, was published by
Schénthal recently [13]. In this paper COX-2 inhibition of DMC
was measured by performing the cell-free COX inhibitor
screening assay demonstrating that DMC up to 100 pM has
only marginal effects on COX-2 activity. Nevertheless, to
ascertain if DMC is useful as a non-COX-2-inhibiting control
substance it has to be shown that it has no influence not only
on COX-activity, but on prostaglandin production in general.
In this regard PGE, is especially important because PGE; is the
most prevalent prostaglandin up-regulated in several cancer
entities [14-17] and contributes to an increase in angiogenesis,
inhibition of apoptosis and promotion of cell proliferation
[18-20].

2. Materials and methods
2.1. Cells and reagents

HCA-7 (human colon carcinoma) cells were purchased from
European Collection of Cell Cultures (ECC, Salisbury, UK), HeLa
(human cervix carcinoma) cells from Deutsche Sammlung fiir
Mikroorganismen und Zellkulturen (DSMZ, Braunschweig,
Germany) and A-549 (human lung carcinoma) cells from Cell
Bank of the Japanese Collection of Research Bioresources
(JCRB)/Human Science Research Resources Bank (HSRRB).
HCA-7 and A-549 cells were cultured in DMEM (Dulbecco‘s
modified Eagle’s medium), and HelLa cells in RPMI medium
1640. All media contained high glucose, GlutaMAX, 10% FCS,
and were purchased from Invitrogen (Germany) as well as
100 units/ml penicillin G and 100 pg/ml streptomycin. Cells
were cultured at 37 °C in an atmosphere containing 5% CO,.

Celecoxib, etoricoxib, dimethylcelecoxib, rofecoxib, valde-
coxib and SC-560 (a selective COX-1-inhibitor) were synthe-
sized by WITEGA Laboratorien Berlin-Adlershof GmbH.
Lumiracoxib was provided by Norvartis (Basle, Switzerland).
The identity and purity of all coxibs was determined using *H
NMR and liquid chromatography tandem mass spectrometry
(LC/MS-MS) as described previously [21,22] and was >99%.
Recombinant human IL-1 beta (IL-18) and recombinant
human tumor necrosis factor alpha (TNFa) were purchased
from PeproTech (London, UK).

2.2, COX inhibitor screening assay

Inhibition of COX-1 (ovine) and COX-2 (human recombinant)
activity by DMC was measured using a COX Inhibitor Screen-
ing Assay Kit (Cayman Chemicals, Ann Arbor, MI, USA),
according to the manufacturer’s protocol. SC-560, a selective
COX-1 inhibitor, and celecoxib, a selective COX-2 inhibitor,
were used as positive controls. The COX inhibitor screening
assay measures directly the amount of PGE,, PGD, and PGF,,
produced by SnCl, reduction of COX-derived PGH,. Addition-
ally to this protocol the amounts of prostaglandins were
quantified by LC-MS/MS analysis as described previously [23].

2.3. Prostaglandin measurement

Cells were incubated for 24 h at 37 °C in medium containing
10% FCS. The medium was replaced with fresh media with
addition of either 0.1% DMSO (control) or DMC (0.05-50 pM)
and, simultaneously, IL-1B (2 ng/ml) for stimulation of A-549
cells or IL-1B (1 ng/ml) + TNFa (5 ng/ml) for stimulation of HeLa
cells. HCA-7 cells produce high amounts of PGE, without
stimulation, therefore, we pre-incubated HCA-7 cells with
media containing either DMSO (0.1%) or DMC (0.05-50 uM) for
1h and replaced this media thereafter with fresh media and
the same additions. This procedure ensures that all PGE, was
removed that was produced when DMC has not displayed its
full activity. After incubation for 16h supernatant was
collected and briefly centrifuged. The amount of PGE, in
supernatant was determined using the PGE, Correlate EIA™-
Kit (Assay Designs Inc., Ann Arbor, USA) according to the
manufactures protocol. Additionally to this protocol the
amounts of prostaglandins (PGE,, PGD,, PGF,,) were quantified
by LC-MS/MS analysis as described previously [23].

2.4.  mPGES-1 activity assay

In order to investigate the impact of DMC on microsomal
prostaglandin E synthase-1 (mPGES-1) activity in vitro the
microsomal fraction of Hela cells was prepared. Approxi-
mately 4 x 10° cells were incubated for 24 h at 37 °C in medium
containing 10% FCS. The medium was removed and cells were
stimulated with IL-1B (1 ng/ml) + TNFa (5 ng/ml) for 16 h. After
washing with 10 ml PBS, cells were scraped in 2 ml PBS and
centrifuged at 2500 x g for 2min at 4°C. Cell pellets were
resuspended in 600 ul potassium phosphate buffer (Kpi-
buffer; 0.1 M; pH 7.4), containing 1x Complete™ protease
inhibitor cocktail (Roche Diagnostics, Mannheim, Germany),
sucrose (0.25M) and reduced glutathione (GSH; 1mM).
Samples were sonicated and centrifuged at 170,000 x g for
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1h at 4 °C. The microsomal fraction (pellet) was resuspended
in 50 pl Kpi-buffer (0.1 M, pH 7.4), containing 1x Complete™
and reduced GSH (2.5mM) and total protein content was
measured using the Bradford method.

The mPGES-1 activity assay was performed as described
by Thoren and Jakobsson [24]. Briefly, 0.1 mg/ml protein was
incubated with different concentrations of DMC (0.1-
1000 pM), MK-886 (0.1-500 pM) (Sigma, St. Louis, MO, USA),
celecoxib (1-200 pM), lumiracoxib or valdecoxib (5-200 pM)
for 30 min on ice. The reaction was initiated with 20 uM PGH,
and terminated after 1min by adding a stop solution
containing 40 mM iron chloride (FeCl,) and 80 mM citric
acid. After solid phase extraction the amount of produced
PGE, was measured by LC-MS/MS analysis as described
previously [23].

2.5. Western blot assay

Hel.a cells were seeded at a density of 1.8 x 10° cells per dish,
respectively, in medium containing 10% FCS and incubated
for 24 h at 37 °C. Cells were then stimulated with TNFa (5 ng/
ml) +IL-18 (1 ng/ml) and simultaneously treated with
increasing concentrations of DMC (5-40puM) for 16h.
mPGES-1 and mPGES-2 protein was analysed in the micro-
somal fraction as described above. Cytosolic PGES (cPGES) and
mPGES-2 protein was detected in the cytosolic fraction and
COX-1 and COX-2 protein in whole cell lysates. Immunoblot-
ting was performed as described previously [25]. Briefly, the
protein content of lysates was estimated using the Bradford
method (Biorad, Germany) and aliquots of 50 pg protein were
separated onto a 10-15% SDS-polyacrylamide gel and trans-
ferred to nitrocellulose membranes (Hybond-C, Amersham).
Blocked membranes were incubated with the respective
primary antibody directed against mPGES-1 (rabbit polyclo-
nal antiserum, a kind gift from Per-Johan Jakobsson (Swe-
den)), COX-1 (mouse monoclonal), COX-2, mPGES-2, cPGES
(rabbit polyclonal; Caymann, Ann Arbor, MI, USA). Anti-B-
actin antibody (mouse monoclonal; Sigma; St. Louis, MO,
USA) was used as loading control.

2.6.  Proliferation assay

The water soluble tetrazolium-1 (WST-1) assay (Roche) was
used to determine the viability and proliferation rate of the
cells after treatment with DMC. HeLa and HCA-7 cells were
seeded at a density of 3x10° and 6 x 10° cells/well,
respectively, in 100-pl culture medium containing 10% FCS
into 96-well microplates and incubated for 24h at 37 °C.
Medium was removed and HelLa cells were either stimulated
with IL-18 (1 ng/ml) + TNFa (5ng/ml) or not and simulta-
neously treated with increasing concentrations of DMC
(5-100 wM). HCA-7 cells were treated with increasing con-
centrations of DMC (20-100 pM) with or without addition of
PGE, (10 nM-10 uM) (Cayman Chemicals, Ann Arbor, MI,
USA). After 20 h, 10 pl of WST-1 reagent were added to each
well and the cells were incubated for further 90 min. The
formation of the dye was measured at 450 nm against a
reference wavelength of 620 nm using a 96-well spectro-
photometric plate reader (SpectraFluor Plus, Tecan, Crail-
sheim, Germany).

2.7. RT-PCR

For extraction of total RNA about 5 x 10° HeLa cells stimulated
with IL-1B (1 ng/ml) + TNFa (5 ng/ml) and treated with 20 uM
DMC or 30 pM MK-886 for 0, 2, 4 or 6 h were harvested in PBS
and centrifuged at 2500 x g for 2 min. RNA was isolated from
cells using the RNeasy Mini Kit (Quiagen, Hilden, Germany)
according to the manufactures protocol. RNA concentration
was assessed using a Nanodrop UV spectrophotometer. cDNA
was synthesized using the 1st Strand cDNA synthesis Kit for
RT-PCR (Roche).

Quantification was done by RT-gPCR using absolute QPCR
Sybr®™ Green Rox Mix and absolute QPCR Rox Mix (ABgene,
Epsom, UK). mPGES-1 specific primers (forward: 5'-ACG-CTG-
CTG-GTC-ATC-AAG-AT-3; 5-CCG-TGT-CTC-AGG-
GCA-TCC-T-3') were designed by using the primer express
software (Applied Biosystems, Weiterstadt, Germany). Human
B-actin LUX Primer Set (Invitrogen, Karlsruhe, Germany) was
used as control. The PCR was performed using a standard
protocol recommended by manufacture and analysis was
performed using the ABI PRISM®™ 7700 Sequence detection
system (Applied Biosystems). For data analysis, the fit point
method was employed. The relative amount of mPGES-1
mRNA was standardized against B-actin using the deltaC;
method as described previously [25]. Afterwards, the relative
mPGES-1 mRNA amount of stimulated HeLa cells treated with
DMC or MK-886 were related to control cells.

reverse:

2.8. Statistics

Proliferation data are presented as mean + standard error of
the mean (S.E.M.). The SPSS 9.01 computer software was used
for statistical analyses. ICso values were analysed using a
sigmoid Emax model followed by subsequent submission to
univariate analysis of variance (ANOVA) and t-tests using a
Bonferroni a-correction for multiple comparisons, « was set at
0.05.

3. Results
3.1. DMC is not a COX-inhibitor

Firstly, we determined the COX-inhibitory activity of DMC by
performing a commercially available COX-inhibitory screen-
ing assay using purified COX-1 (ovine) and COX-2 (human
recombinant) enzymes. As shown in Fig. 1 DMC inhibits COX-
1- and COX-2-activity only marginally at concentrations up to
100 pM. In comparison the COX-1 inhibitor (SC-560) and COX-2
inhibitor (celecoxib) show clear inhibitory effects on COX-1 or
COX-2 enzyme activities at concentrations of only 0.1 and
0.5 pM, respectively.

3.2.  Inhibition of PGE,-production by DMC

To date, DMC is used as a non-COX-2-inhibiting control
substance in comparison to celecoxib. In order to use DMC for
this purpose it must be ensured that it has no impact on
prostaglandin production. Therefore, we investigated the
effect of DMC on PGE, production in three different cancer
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Fig. 1 - Bar graph demonstrating inhibition of COX-1 and
COX-2 enzyme activity measured by the COX inhibitor
screening assay. As shown, 0.1 pM SC-560 (a selective
COX-1 inhibitor) and 0.5 pM celecoxib (a selective COX-2
inhibitor) inhibits COX-1 or COX-2 activity by about 90%,
respectively, whereas DMC has only weak effects on both
enzymes, even at substantially higher concentrations. All
experiments were carried out in quadruplicate; plotted
values represent mean * S.E.M.

cell lines (Hela, a cervix carcinoma cell line; A-549, a non-
small cell lung cancer cell line; HCA-7, a colon carcinoma cell
line). Each cell line expresses different amounts of COX-2 and
PGE,. In HelLa and A-549 cells COX-2 expression and hence
PGE, production has to be stimulated either with 5ng/ml
TNFa + 1 ng/ml IL-18 or 2ng/ml IL-1B8 alone, respectively.
HCA-7 cells express high amounts of COX-2 and produce PGE,
without stimulation (Fig. 2A and B). PGE, production was
determined by the use of a commercially available PGE, ELISA
kit. Fig. 2B shows that DMC inhibits PGE, production in HeLa,
A-549 and HCA-7 cells in a concentration-dependent manner.
The ICso values for PGE, inhibition are 0.64 + 0.15 pM (HelLa),
0.83+0.11 pM (A-549), and 3.08 +0.05 pM (HCA-7), respec-
tively. These data are surprising, as DMC has been shown to
inhibit neither COX-1 nor COX-2 activity at these concentra-
tions. Therefore, we looked for alternative targets of DMC
within the pathway from arachidonic acid to PGE, to explain
its PGE, inhibitory effects.

3.3.  DMC inhibits mPGES-1-activity

We investigated the effect of DMC on prostaglandin E
synthases (PGES). Three PGESs are described; the microsomal
prostaglandin E synthase-1, the mPGES-2 and the cytosolic
PGES. Due to the fact that basal PGE,-level in HeLa cells is only
marginal but highly inducible after IL-1p and TNFa« stimulation
(Fig. 2B) we used this cell line for further studies and
determined the expression levels of all prostaglandin E
synthases in these cells. cPGES and mPGES-2 are constitutively
expressed in Hela cells whereas mPGES-1 is highly inducible
after stimulation with TNF« and IL-1p (Fig. 3).

As it is already known that mPGES-1 is coupled to COX-2
and mainly responsible for PGE, production after stimula-
tion of cells with IL-1B and TNF« [26] we tested the influence
of DMC on mPGES-1 activity using microsomal fractions of
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Fig. 2 - (A) Western blot analysis of COX-1 and COX-2 in
human cancer cell lines. Protein expression was detected
in HeLa and A-549 cells which are either stimulated with
5 ng/ml TNF« + 1 ng/ml IL-1B or 2 ng/ml IL-1p alone,
respectively, or are non-stimulated as HCA-7 cells. 50 pg
of total protein extract was separated on a 12% SDS-
polyacrylamide gel and transferred onto a nitrocellulose
membrane. The expressions of COX-1 and COX-2 were
detected using a specific mouse monoclonal anti-COX-1
and a rabbit polyclonal anti-COX-2 antibody. The
expression of B-actin was used as a loading control. A
representative experiment out of three is shown for each
antibody treatment. (B) Percentage of PGE, in supernatants
of stimulated HeLa and A-549 cells and unstimulated
HCA-7 cells after treatment with increasing
concentrations of DMC. Cells were incubated with media
with addition of either 0.1% DMSO (control) or DMC (0.05-
50 pM) and, simultaneously, IL-1p for stimulation of A-549
cells or IL-1B + TNF« for stimulation of HelLa cells. After an
incubation time of 16 h supernatant was collected and the
amount of PGE, was determined using the PGE, Correlate
EIA™.-Kit. Presented data are the mean + S.E.M. of four to
six independent experiments. Statistical significant
differences in PGE, levels after DMC treatment were
indicated with an asterisk. *p < 0.05.

Hela cells. As shown in Fig. 4A, DMC inhibits HeLa mPGES-1
activity with an ICso value of 15.60 + 2.25 uM. Its efficacy,
however, only reached 65% of the maximum effect of
mPGES-1 activity. In contrast, the unspecific mPGES-1
inhibitor MK-886 [27] reduces mPGES-1 activity up to 100%
with an ICs, value of 3.98 +£0.36 uM. We then tested the
ability of other coxibs such as celecoxib, lumiracoxib,
valdecoxib, etoricoxib, and rofecoxib to inhibit mPGES-1
activity. As shown in Fig. 4B celecoxib and lumiracoxib also
inhibit mPGES-1 activity with a maximum efficacy of up to
about 70 and 80%, respectively, but these substances were
less potent than DMC (ICso values: 21.89 +3.26 pM, and
33.01 + 4.15 pM for celecoxib and lumiracoxib, respectively).
Valdecoxib inhibited mPGES-1 activity with an ICs, value of
75.08 & 18.7 pM, whereas all the other coxibs used did not
inhibit mPGES-1 activity even when used at a concentration
of 200 pM.
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Fig. 3 - Western blot analysis of prostaglandin E synthases
in non-stimulated and stimulated HeLa cells. Microsomal
and cytosolic fractions of HeLa cells were prepared and
50 pg protein were separated onto a 15% SDS-
polyacrylamide gel and transferred to nitrocellulose
membranes. mPGES-1, mPGES-2 and cPGES were detected
using specific rabbit polyclonal antibodies. The expression
of B-actin was used as loading control. mPGES-1 is only
present in the microsomal fraction and highly inducible
after stimulation of HeLa cells, whereas cPGES could be
only detected in the cytosolic fraction and is not inducible.
mPGES-2 is detectable both in the microsomal and
cytosolic fraction but also not inducible by treatment of
HelLa cells with IL-18 and TNFa. A representative
experiment out of three is shown for each antibody
treatment.

3.4. DMC prevents from mPGES-1 induction after
stimulation of HelLa cells with cytokines

As mPGES-1 activity was only inhibited at DMC concentrations
10-fold higher than the ICso value for PGE, inhibition we tested
the influence of DMC on PGES expression levels. As shown in
Fig. 3, cPGES and mPGES-2 are constitutively expressed in HeLa
cells, whereas mPGES-1 increases 8-24 h after stimulation of
Hela cells reaching a maximum at 16 h (data not shown).
Therefore, all further experiments have been conducted after
an incubation period of 16 h. Induction of mPGES-1 protein
expression after treatment of HeLa cells with IL-18 and TNFa is
prevented by DMC concentrations >15 uM whereas mPGES-2
and cPGES expression remains constant (Fig. 5A). In addition,
DMC (30 pM) prevented mPGES-1 mRNA induction in Hela
cells treated with IL-18 and TNFa (Fig. 5B).

3.5. The anti-proliferative effect of DMC is independent of
PGE, inhibition

In the literature the anti-proliferative activity of DMC in various
cancer cells is well documented [13,28,29]. Due to the lack of its
COX-inhibitory activity this anti-proliferative effect has been
described to be COX/PGE,-independent. In light of the data
presented here this assumption has to be re-evaluated. There-
fore, we treated stimulated and unstimulated HeLa cells with
increasing concentrations of DMC and measured cell viability
by a commercially available cell proliferation kit. Fig. 6A
demonstrates that both stimulated and unstimulated Hela
cells were equally sensitive against DMC (ICsg Hera unstimulateds
49.99 + 1.62 uM; ICsp HeLa stimulated, 47.66 +5.82 pM). Further-
more, we also compared proliferation rates of HCA-7 cells
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Fig. 4 - Relative mPGES-1 enzyme activity after DMC
treatment using microsomal fractions of stimulated HeLa
cells. 0.1 mg/ml microsomal protein was incubated with
different concentrations of DMC (0.1-1000 p.M) or MK-886
(0.1-500 pM) (A) or increasing concentrations of celecoxib
(1-200 pM), lumiracoxib (5-200 pM), and valdecoxib (5-
200 pM), respectively (B) for 30 min on ice. The reaction
was initiated by addition of 20 pM PGH, and terminated
after 1 min by adding a stop solution containing 40 mM
iron chloride (FeCl,) and 80 mM citric acid. After solid
phase extraction the amount of produced PGE, was
measured by LC-MS/MS analysis. For calculation of the
ICso values for mPGES-1 inhibition we used the non-linear
regression analysis and a sigmoid Emax model. All
experiments were carried out in triplicate; data are

mean * S.E.M.

(which express high levels of PGE, constitutively) treated
with DMC with and without exogenous addition of PGE,
(10 nM-10 pM). Additionally, no significant differences were
detected regarding the sensitivity against DMC (ICso xca-7 with-
57.81 + 0.94 pM; 64.41 +

ICSO HCA-7 with 0.1 pM PGE2» ICSO HCA-

out PGE2, ICs0 HCA-7 with 0.01 wM PGE2,
1.98 pM; 54.31 + 6.67 pM;
7 with 1 uM PGE2, 00.07 & 3.53 uM; 1Cs0 Hea-7 with 10 uM PGE2,  58.76
+ 2.45 pM) (Fig. 6B). DMC also has anti-proliferative activity in
the human colon carcinoma cell line HCT-116, which does not
express COX-1 or COX-2 and produces no PGE; (ICso ncr-116:
63.28 + 9.55 pM, data not shown).
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Fig. 5 - (A) Western blot analysis of mPGES-1, mPGES-2 and
cPGES in microsomal and cytosolic fractions of stimulated
Hela cells after treatment with increasing concentrations
of DMC. Up-regulation of mPGES-1 expression after
stimulation of HeLa cells with IL-18 and TNF« is impeded
by simultaneous treatment of cells with DMC at
concentration >15 pM whereas no changes in expression
levels of mPGES-2 or cPGES could be detected after DMC
treatment. A representative experiment out of three is
shown for each antibody treatment. (B) Determination of
the relative amount of mPGES-1 mRNA in stimulated HeLa
cells with and without simultaneous treatment of MK-886
(20 M) or DMC (30 xM) using Tagman® PCR. The content
of mPGES-1 mRNA in HelLa cells was standardized against
actin-mRNA and the amount of mPGES-1 mRNA in
stimulated HelLa cells treated either with MK-886 or DMC
is expressed as a ratio of that of stimulated HeLa cells. The
mean =+ S.E.M. of three independent experiments is
shown. Significant differences in the relative amount of
mPGES-1 mRNA between stimulated HelLa cells treated
with MK-886 or DMC vs. stimulated HeLa cells without co-
treatment is indicated with an asterisk, *p < 0.05;

**p < 0.01; ***p < 0.001.

4, Discussion

Dimethylcelecoxib, a close structural analog of celecoxib, has
been used as negative control substance for COX- and
consequently also for PGE,-inhibition in different studies
investigating COX-independent anti-carcinogenic mechan-
isms [29-31]. Here, however, we clearly demonstrated that
DMC potently inhibits PGE, production in vitro. The ICso values
in different cancer cell lines are in the range of 0.6 and 3 pM.
Our data are in line with previously published data from
Backhus et al. showing a reduction of PGE, in IL-1 stimulated
A-549 cells after DMC treatment. Unfortunately, Backhus used
only two concentrations of DMC (10 and 50 pM) that did not
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Fig. 6 — Determination of cell viability using the WST-1
assay after treatment of (A) stimulated or non-stimulated
Hela cells with DMC or (B) unstimulated HCA-7 cells with
DMC or DMC and PGE,. HeLa and HCA-7 cells were seeded
in a 96-well microplate and incubated for 24 h at 37 °C.
Medium was removed and HeLa cells were either
stimulated with IL-1 plus TNF« or not and
simultaneously treated with increasing concentrations of
DMC (5-100 pM). HCA-7 cells were treated with increasing
concentrations of DMGC (20-100 pM) with or without
addition of PGE, (10 nM-10 pM). After 20 h 10 pl of WST-1
reagent were added to each well and absorption was
measured after 90 min at 450 nm using a
spectrophotometric plate reader. The mean + S.E.M. of
three independent experiments is shown.

allow calculating an ICs, for PGE; inhibition. He presented the
data of PGE,-inhibition in a logarithmic scale plot so it is not
obvious that 50 pM DMC inhibits PGE, production by more
than 98% in these cells. Furthermore, Backhus and co-workers
described DMC as a non-PGE,-inhibitor (Fig. 2 of Backhus et al.
[32]). Another paper from Kardosh et al. shows that DMC has
no impact on the PGE,-level in COX-2 overexpressing U87-
glioblastoma cells, expressing high amounts of PGE, without
stimulation [29]. These results could be explained by differ-
ences in the PGE,-assay conditions. In our experiments HCA-7
cells (which produce also high amounts of PGE, without
stimulation) were pre-incubated with media containing DMC
(0.05-50 uM) for 1h and this media was replaced with fresh
media containing DMC (0.05-50 uM). This procedure ensures
that all PGE,, that was produced when DMC has not displayed
its full activity, was removed. In the paper from Kardosh et al.
cells were not pre-incubated, thus PGE, production could take
place until DMC displays its full activity [29]. In line with
published data [13], however, we confirmed that DMC inhibits
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neither COX-1 nor COX-2 activity in a cell-free assay. DMC has
also no effect on COX-1 protein expression and increases COX-
2 expression slightly at concentrations >30 uM (data not
shown), indicating that DMC must have an impact on other
enzymes of the PGE, production pathway. Both COX-2 and
mPGES-1 are up-regulated in different cancer cells or are co-
regulated by several cytokines and play a distinctive role in
cancer development [20,33-35]. Therefore, we investigated the
effect of DMC on prostaglandin E synthases, catalysing the
conversion of PGH, to PGE,. The cytosolic PGES uses PGH,
produced by COX-1 whereas the microsomal PGES-1 uses
COX-2-derived endoperoxide. mPGES-2 can use both sources
of PGH, (reviewed in [36]). In HeLa cells PGE, production by
COX-1/cPGEs or mPGES-1 is negligible as shown by the
minimal PGE, level in unstimulated cells (Fig. 2B). Following
stimulation of Hela cells with TNFa and IL-18 an up-
regulation of PGE, can be ascribed to COX-2 and mPGES-1 or
-2. As we did not see inhibition of PGE, production in the
cytosolic fraction (location of active mPGES-2 and cPGES; data
not shown) we assume that mPGES-1 is the main enzyme
responsible for PGE, production in HeLa cells. Interestingly,
mPGES-1 activity could be inhibited by DMC in a cell-free
assay, but the maximum effect reached was only 65% with an
ICso of 15uM. In contrast, MK-886, which is a MAPEG
(membrane-associated proteins involved in eicosanoid and
glutathione metabolism) inhibitor, inhibiting also FLAP (5-
lipoxygenase-activating protein) and LTC4 (leukotriene C4)
synthase [27,37], represses mPGES-1 activity by 100%. The loss
of efficacy of DMC in the cell-free assay could be explained last
but not least by: (1) DMC is not a direct inhibitor of mPGES-1
but rather represses mPGES-1 activity by indirect mechanisms
perhaps by inducing conformational changes of the enzyme or
allosteric inhibition; (2) in the performed mPGES-1 assay we
used 20 uM PGH, as substrate which is probably much higher
than the substrate concentration in the intact cell assay. If
DMC acts as a competitive inhibitor, the substrate concentra-
tion used in our mPGES-1 activity assay might be too high to
compete against them. Both hypotheses, however, have to be
further investigated. In contrast to COX-1 and COX-2, DMC
also diminished mPGES-1 protein and mRNA expression but
only at concentrations greater than 15 pM. We can conclude
that DMC has a clear impact on mPGES-1 activity and
expression but only at 10-fold higher concentrations than
needed for PGE, inhibition.

Interestingly, proliferation assays revealed that in vitro PGE,
inhibition seems not to be crucial for the anti-proliferative
effect of DMC (Fig. 6A and B). Additionally, in vivo, in the nude
mice model, DMC inhibits tumor growth of COX-2/PGE,
depleted human colon cancer xenografts [28], but we cannot
exclude that inhibition of PGE, production in the tumor
surrounding mouse tissue contributes to the anti-carcinogenic
effect of DMC.

In conclusion, we clearly demonstrated that the non-COX-
2-inhibitor, DMC, inhibits PGE, production in the low micro-
molar range. Neither DMC’s impact on mPGES-1 activity nor
on the mPGES-1 expression level could be solely responsible
for this effect. Furthermore, after stimulation of HelLa cells
with IL-18 and TNFa also other negligible detectable pros-
taglandins (PGD,, PGF,,) are slightly diminished by DMC
treatment (see supplement 1) so that also other enzymes,

important for prostaglandin production, have to be investi-
gated as targets of DMC. This study has demonstrated that
DMC is not suitable as a non-prostaglandin-inhibiting control
substance.
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