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Abstract

Oljective: To explore the effects of FK506 on the inhi-
bition of cell proliferation and the expression of cy-
clooxygenase-2 (COX-2), inducible nitric oxide syn-
thase (INOS) and their products PGE, and NO in
TNF-a-stimulated human rheumatoid arthritis syn-
ovial fibroblasts (RASF) treated with triptolide (IP),
and to study the mechanisms involved when combin-
ing FK506 and TP in RA therapy.

Materials and Methods: RASF used in the experiments
were obtained from the synovial tissue of patients with
RA before being cultured. RASF were pretreated with
FK506 (10 ~1000 nM) for 2 hours before being stim-
ulated with TNF-a (20 ng/ml) in the presence or ab-
sence of TP (10 ng/ml) . RASF proliferation was de-
termined by [3H]-TdR incorporation. Production of
PGE, and NO in culture supernatants of RASF was
detected by competitive ELISA and enzymatic reduc-
tion of nitrate, respectively. Expressions of COX-2
and iNOS mRNA in RASF were analyzed by semi-
quantitative RT-PCR. Expressions of COX-2 and
iNOS protein were estimated by Western-blot and a
cellular enzyme immunoassay. NFkB activity in whole-
cell extract of treated RASF was also measured using
an ELISA-based method.

Results: Neither FK506 nor TP at a lower concentra-
tion (10 ng/ml) affected TNF-a-induced COX-2 and
iNOS expressions or PGE, and NO productions in
synovial cells. Combined treatment of FK506 and a
lower concentration of TP (10 ng/ml) reduced both
COX-2 and iINOS mRNA and protein expression,
and correspondingly reduced PGE, and NO produced
by synovial fibroblasts. This effect was highly correlat-
ed with FK506 concentration (10~ 1000 nM). NFkB
activity in TNF-a-stimulated synovial cells was sup-
pressed more profoundly by FK506 plus TP (10
ng/ml) than by TP (10 ng/ml) alone. However, no
change was observed regarding the inhibition of syn-
ovial cell proliferation after combined treatment of

FK506 and TP.

* The first two authors contributed equally to this study.

Conclusion: FK506 enhanced TP-mediated down-regu-
lation of COX-2 and iNOS as well as their products
PGE, and NO in human TNF-o-stimulated RASF by
more profoundly suppressing the activity of NFkB.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflammatory
disease involving polyarticular synovitis that leads to
the formation of rheumatoid pannus and a subsequent
erosion of articular cartilage and bone. Although a
small percentage of patients go into natural remission,
the untreated disease progresses to cause disability,
morbidity and early mortality. In the last decade there
has been much successful research on cytokine expres-
sion and regulation [1-3]. It has become clear that pro-
and anti-inflammatory cytokines, derived predomi-
nantly from cells of a macrophage lineage, play a ma-
jor role in the initiation and perpetuation of the chron-
ic inflammatory process in the RA synovial membrane
[4-7].

Prostaglandins (PGs) found at elevated levels in
synovial fluid and synovial membranes ate considered
to play a pivotal role in the development of vasodilata-
tion, fluid extravasation and pain in synovial tissues [8,
9]. Moreover, there is increasing evidence that PGs
(especially prostaglandin E2) are mediators involved in
complex interactions that lead to articular cartilage
and juxta-articular bone erosion [10]. Cyclooxygenase
is an enzyme that plays a crucial role in PG production
[11,12]. Although two forms of cyclooxygenase
(COX), ie. COX-1 and COX-2, exist [13, 14], more
and more experiments are suggesting that synovial tis-
sues from patients with RA contain COX-2 to a
greater extent than COX-1 [15-17]. Our understanding
of the critical role of COX-2 in synovial inflammation
has made this enzyme a target for arthritis therapy.

Triptolide (IP), the major component of the diter-
penoids of the Chinese herbal remedy Tripterytunm
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wilfordii Hook.f. (TWHF), has been reported to be
therapeutically effective in patients with RA in China,
although its mechanism of action still remains unclear
[18-20]. FK506 is an immunosuppressant used to pre-
vent allograft rejection after organ transplantation or
as a substitute for typical chemotherapeutics [21].
Some clinical studies found that FK506 delays clinical
progression and improves symptoms in patients with
RA [22-24]. However, the use of TP and FK506 has
been tempered by the development of side effects at
therapeutic doses. No data are available at present
about using combined FK506 and TP to treat RA. In
this study we investigated the effect of TP and/ot
FK506 on the expression of COX-2 and iNOS in hu-
man synovial fibroblasts, and found that FK506 in the
presence of a low concentration of TP strongly inhib-
ited TNF-a-stimulated NFkB activation, COX-2/
iNOS expression and PGE,/NO generation.

MATERIALS AND METHODS

PREPARATION AND CULTURE OF SYNOVIAL FIBROBLAST
CELL LINES

Synovial tissue samples were obtained from 5 patients
with RA satisfying American College of Rheumatology
criteria, who had undergone total knee replacement
surgery or synovectomy. Fresh synovial tissues were
minced aseptically, then dissociated with 4mg/ml col-
lagenase (Sigma, Louisiana, USA) for 4 hours in
RPMI-1640 medium at 37°C. The dissociated cells
were plated on culture dishes and allowed to adhete in
RPMI-1640 (Gibco BRL, N.Y., USA) supplemented
with 10% fetal bovine serum (Hyclone, Utah, USA) at
37°C in a humidified atmosphere containing 5% CO,.
After removal of non-adherent cells, the plated cells
were further incubated for 18 hours, then thoroughly
washed with D-Hank’s solution. The adherent synovial
cells were harvested using trypsin(0.25% w/v)-
EDTA(0.02% w/v) followed by washing with D-
Hank’s solution containing 2% FBS. The collected
synovial cells whose homogeneity was more than 98%
(determined by FCM) were used at the third or fourth
passages for subsequent experiments, and less than
1% of all cells were CD3-, CD20-, CD68- or von
Willibrand factor-positive.

ASSAY FOR PGE,, NO PRODUCTION

Synovial fibroblasts were seeded at a density of
1x106/well onto 6-well culture plates. When adherent
cells became confluent, cells were stimulated with
20ng/ml TNF-a (R&D systems, Minnesota, USA) in
the presence of different concentrations of TP (0-
100ng/ml, Calbiochem, California, USA) for 20 hours.
Where FK506 was applied, cells were incubated with
FK506 (0-1000ng/ml, Fujisawa Ireland Ltd, Japan) for
2 hours before 20ng/ml TNF-a and TP (10ng/ml)
were added and incubation was allowed to proceed for
a further 18 hours. The culture supernatants were col-
lected and kept at -20 °C.

The levels of PGE, in culture supernatants were de-
termined using a competitive ELISA kit (R&D sys-
tems, Minnesota, USA) according to the manufactur-
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er’s instructions. The lower limit of detection was 36.2
pg/ml.

Nitric oxide (NO) levels in culture supernatants
were measured as its oxidized product nitrate. The kits
were purchased from R&D systems, the lower limit of
detection was 1.35umol/L..

RNA IsorLATION AND RT-PCR

Total cellular RNA in the treated RASFs was isolated
using Trizol Reagent (Gibco BRL, N.Y., USA) in ac-
cordance with the manufacturer’s instructions. Com-
plementary DNA (cDNA) was prepared by reverse
transcription (RT) of 2ug total RNA using oligo dT
and 200U superscriptll reverse transcriptase (Invitro-
gen, California, USA) at 42°C for 70min according to
the manufacturer’s instructions.

PCRs were carried out in a final volume of 50ul
with 2ul of denatured cDNA and 2.5U Taq DNA
polymerase (Invitrogen, California, USA), 1uM of
both primers and Taq polymerase buffer containing
1.5mM MgCl2 and 200 uM of each dNTP. The
oligonucleotide primers used were as follows: for
COX-2 (product size: 756 bp), sense: 5-CAGCACT
TCACGCATCAGTT-3, antisense: 5-TCTGGTCAA
TGGAAGCCT-3’; for iNOS (product size: 237 bp),
sense: 5-TCTTGGTCAAAGCTGTGCTG-3’, anti-
sense: 5-CATTGCCAAACGTACTGGTC-3% for B-
actin, (product size: 619 bp) sense: 5-CGCTGCGCT
GGTCGTCGACA-3, antisense: 5-GTCACGCAC-
GATTTCCCGCT -3’. PCR primers were from San-
gong (Shanghai, China).

The amplification was performed for 28 cycles at
94 °C for 30 seconds, 60 °C for 30 seconds, 72 °C for 1
minute before a 10 minute extension was cattied out
at 72°C. The amplified PCR products were resolved
by electrophotesis on 1.5% (w/v) agatose gels and
identified by ethidium bromide staining. Gene expres-
sion of COX-2, iNOS and fB-actin was quantified by
densitometric scanning using the digital image analyzer
EDAS290 (Kodak, Japan). The signal intensities of the
specific mRNAs were normalized by comparison with
the intensity of P-actin and calculated as relative
amounts.

AssAY FOR COX-2, INOS PRODUCTION

Synovial cells wete plated at a density of 5x104/well in
96-well plates for detecting COX-2 and iNOS protein
in cells by Cell-ELISA. At the end of culture, cells
were fixed in 4% paraformaldehyde (w/v in PBS) and
blocked with defatted milk. Then the cells were incu-
bated with rabbit antiserum against human COX-2- or
iNOS-specific antibody (Santa Cruz Biotechnology,
California, USA) for 2 hours at 37 °C, with biotinylat-
ed goat anti-rabbit IgG for 1 hour, and with diluted
HRP-conjugated streptavidin for 30 minutes at room
temperature . The plates were washed three times at
each step. Add 100ul of substrate solution (Tetram-
ethylbenzidine, TMB) to each well and incubate for 20
minutes at room before development was stopped
with 0.5mol/I. H2SO4 (50ul/well), and absorbance
was measured in a spectrophotometer (Biotek-Elx800)
at 450nm.
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SDS PAGE AND WESTERN BLOT ANALYSIS

Cell lysates were prepared for western blot analysis of
iINOS and COX-2 by using whole cellular protein ex-
traction kits (Active Motif, California, USA). The con-
centration of protein in each cell lysate was deter-
mined using a BCA-protein assay kit (Pierce, Illinois,
USA) with bovine serum albumin (BSA) as the stan-
dard. An identical amount of protein (40ug) from each
sample was loaded onto a 10% SDS-PAGE gel which
was then run at 200 volts. Proteins were then trans-
ferred to nitrocellulose membranes (0.45pum, Millipore,
Massachusetts, USA) that wetre blocked with 5% BSA
(Sigma, Louisiana, USA) in TBS (25mM Tris-HCI,
150mM sodium chloride, pH 7.2) for 1 hour at room
temperature. Blots were incubated with anti-COX-2 or
anti-INOS or anti-B-actin specific rabbit polyclonal
IgG primary antibody (Santa Crutz, California, USA)
in a 1:500 dilution at 37°C for 2 hours. Blots were
washed three times and then incubated with horserad-
ish peroxidase (HRP)-conjugated goat anti-rabbit anti-
body (1:2000 dilution) for 2 hours at room tempera-
ture. All blots were developed using enhanced chemo-
luminescence (ECL) reagents (Super-Signal Dura Kit,
Pierce, Illinois, USA) following the manufacturer’s in-
structions. Blots were scanned and analyzed for the
measurement of the band intensities. Results were cal-
culated as the relative ratio between the band of inter-
est and the P-actin band.

AcTIvITY OF NFKB IN SYNOVIAL FIBROBLASTS

NFkB p65/ NFKB p50 transcription factor assay kits
(Active Motif, California, USA) which combine all the
benefits of fast, sensitive and specific assays were used
to monitor NFKB activation. 5 pg of cell extracts/well
were added to a 96-well plate coated with an oligonu-
cleotide probe containing the site for NFKB binding.
Each well was then incubated with primary antibody
specific for the active form of bound transcription
factor. Wells were then incubated with an HRP-conju-
gated secondary antibody. The plate was washed three
times at each step, and 100ul of standard developing
solution (TMB) was added to each well. The ab-
sorbance results were read using a spectrophotometer
(Biotek-Elx800) at 450nm with a reference wave-
length of 655nm. Both positive control wells and
blank wells were set for this assay. Specificity of bind-
ing was determined by prior addition of a 20-fold ex-
cess of unlabeled competitor consensus oligonu-
cleotide.

[PH]-THYMIDINE INCORPORATION ASSAYS

In order to check the proliferation of synovial fibrob-
lasts in response to the treatments described above,
1x10% cells per well were plated on 96-well plates in
RPMI-1640 medium supplemented with 10% FBS.
[*H]-Thymidine (1uCi/well) was added for 18 hours
after 54 hours of culture. The plates were then washed
three times with PBS before being fixed in 5%
trichloroacetic acid at 4°C for 20 minutes, washed
three times in trichloroacetic acid and solubilized in
0.5N NaOH (0.15ml). The resulting solution was neu-
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tralized using 0.5N HCI (0.15ml) and radioactivity was
assessed by liquid scintillation counting,

RESULTS

ErrecTs OF TP AND FK506 oN PGE, AND NO
PrODUCTION

Treatment of RASF with TNF-o (20ng/ml) in the
presence of TP reduced the PGE, and NO production
seen upon TNF-a-stimulation alone. The response
was dose-dependent (r = 0.847, 0.787 for PGE, and
NO , respectively, P<0.05) and was significant at TP
concentrations above 20ng/ml (Table 1A).

To determine the effect of FK506 combined with
TP, 10ng/ml TP was chosen for its only minor, statis-
tically undetectable effect on TNF-a-stimulated PGE,
and NO as shown above. Co-application of FK506
(10-1000ng/ml) and TP (10ng/ml) resulted in a signifi-
cant reduction of PGE, and NO whereas FK506
alone induced only slight decreases even at a high con-
centration (1000ng/ml) which did not achieve statisti-
cal significance (Table 1B).

ErrecTs OF TP AND FK506 oN COX-2 AND INOS
MRNA EXPRESSION

As described previously, PGE, is synthesized by COX-
2 and NO by iNOS. The results of the specific RT-
PCR analysis corresponded well with the levels of
PGE, and NO in the supernatants. TP greatly inhibit-
ed COX-2 and iNOS mRNA expression at a concen-
tration above 20ng/ml. The additive inhibitory effect
of FK506 was evident at the low concentration of TP
(10ng/ml). FK506 pre-treatment alone did not inhibit
the COX-2 and iNOS mRNA expression (Figs. 1, 2).

COX-2 AND INOS PROTEIN EXPRESSION IN RASF
TREATED CELLS

As expected, the COX-2 and iNOS protein expression
in synovial cells paralleled the mRNA expressions with
the different treatments. Treatment of RASF with
FK506 in the presence of the TP (10ng/ml) abrogated
TNF-a-stimulated COX-2 and iNOS production, and
the inhibition effect was positively correlated with the
concentrations of FK506 (Fig. 3). Neither FK506 nor
lower concentrations of TP alone affected TNF-a-
stimulated COX-2 and iNOS production.

ErreECTS OF TP AND FK506 ON NFKB ACTIVITY IN
SYNOVIAL CELLS

The promoter region of COX-2 contains an NFkB el-
ement that is know to be an induction target for COX-
2. To examine the molecular action of TP and/or
FK506 on COX-2 expression, ELISA based NFkB
p65/ p50 transcription factor assay kits (non-radioac-
tive) for detecting oligonucleotide probes were used to
measure NFKB activation.

As shown in Figure 4, NFKB activation was con-
sistent with the corresponding COX-2 and iNOS ex-
pression. TNF-o-induced NFkB activities were sig-
nificantly reduced by combining FK506 with TP, an

>
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Table 1.A. Effect of TP on TNF-a-stimulated PGE,, NO production.

113

Group PGE,(ng/L) NO(umol/L)
Control 1.56 £ 0.23 22.02 £ 10.77
TNF-a 27.43 £ 5.29% 140.32 + 24.06%#
TNF-0+TP (5ng/ml) 26.28 £ 6.44 134.26 £ 19.38
TNF-0+TP (10ng/ml) 24.48 + 3.86 126.28 £ 20.34
TNF-0+TP (20ng/ml) 15.18 + 3.12* 81.60 £ 16.82*
TNF-0+TP (50ng/ml) 4.02 = 1.76A 36.52 £ 13.24A
TNF-0+TP (100ng/ml) 3.24 + 1.28A 32.26 + 11.58A

Table 1B. Effect of TP and FK506 on TNF-a-stimulated PGE, and NO production.

Group PGE,(ug/L) NO(umol/L)
Control 1.56 £0.23 22.02 £10.77
TNF-o 27.43 £5.29 140.32 + 24.06
TNF-0+TP 24.48 £ 3.86 126.28 + 20.34
TNF-o+ FK506(1000ng/ml) 21.22 £ 2.68 125.58 £ 17.34
TNF-0+TP+FK506(10ng/ml) 8.46 £ 2.38* 68.60 £ 13.62*
TNF-o+TP+FK506(100ng/ml) 2.86 £ 0.62*# 9.52 £ 10.84*#
TNF-o+TP+FK506(1000ng/ml) 1.91 £ 0.34%# 22.96 £ 13.58*#

PGE, and NO production were measured in the supernatants of the culture.

(A) Rheumatoid synovial fibroblasts cultured for 20 hours with increasing concentrations of TP(0-100ng/ml). #, P<0.01 rela-
tive to unstimulated control. *, P<0.05 relative to low concentration of TP (0-10ng/ml). A, P<0.01 relative to 0-20ng/ml TP.
(B) Rheumatoid synovial fibroblasts were pretreated with FK506 for 2 hours and then with TNF-o and TP (10ng/ml) for 18

hours. *, P <0.01 relative to non-FK506. #, P<0.01 relative to low concentration of FK506 (100ng/ml).
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Fig. 1. RT-PCR analysis of mRNA for COX-2 and iNOS in synovial fibroblasts. Cells were stimulated with TNF-a (20ng/ml)
in the presence of different concentrations of TP (0-100ng/ml) for 20 hours (Fig 1A). If FK506 was applied, the cells were in-
cubated with FK506 (0-1000ng/ml, Fujisawa Ireland Ltd) for 2 hours before 20ng/ml TNF-a and TP (10ng/ml) were added
and incubation was continued for 18 hours (FiglB). COX-2 and iNOS mRNA expression was examined with RT-PCR. PCR
products wete separated on 1.5% agarose gels and analyzed after ethidium bromide staining. -actin was used as a housekeeping

gene for densitometric analysis.
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Fig. 2. COX-2 and iNOS expres-
sion in relation to P-actin mRNA
expression. Densitometric analysis
was performed on an ethidium bro-
mide-stained agarose gel (Fig. 1) us-
ing the software program Kodak
Digital Science. The net intensity of
each band was compared with that
of the housckeeping gene P-actin
and their ratio is reported here.
e f g Bars show the mean + SD.
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Fig. 3. COX-2 and iNOS protein exptression of RASF as-
sessed by cell-ELISA and western blot analysis.  (A), 5_104
cells per well were applied to 96-well plates and the COX-
2/iNOS protein expression in the cells were measured after
the adherent cells became confluent using cell-ELISA assays.
(B), effect of TP and/or FK506 on the production of COX-2
and iNOS in TNF-a-stimulated human synovial fibroblasts.
Confluent synovial cells at the third and fourth passages in 6-
well plates were treated with TNF-a, TP and/or FK506 at
the indicated concentrations. The hatrvest cells were subjected
to western blot analysis for COX-2 and iNOS. Forty micro-
grams of protein was loaded per lane.
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Fig. 4. Effects of TP and FK506 on NFkB activity in TNF-
a-stimulated synovial cells. To examine the molecular mecha-
nism of TP and/or FK506 on COX-2 and iNOS expression,
NFkB p65/ p50 transcription factor assay kits based on
ELISA (non-radioactive) for detecting oligonucleotide probes
were used to measure NFKB activation.

effect which disappeared when FK506 or low concen-
trations of TP were applied alone. The decrease was
positively correlated with the concentration of
FK506.
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[PH]-THYMIDINE INCORPORATION

To investigate whether the reduced COX-2, iNOS,
PGE, and NO resulted from the inhibition of DNA
synthesis, [*H]-thymidine incorporation was assayed.
No significant changes were found in synovial cells
treated either with FIKK506 or TP at any concentration.

DiscussioN

Triptolide, an active component of the Chinese herbal
remedy TWHE, has been reported to be therapeutical-
ly effective in patients with RA. Because of this benefi-
cial clinical impact, an understanding of how this
preparation exerts its therapeutic activity is necessary.
Previous studies have demonstrated that TP effectively
suppresses inflaimmatory and reactive processes in-
duced by a variety of stimuli, such effects include the
down-regulating of the gene expression and produc-
tion of COX-2 and iNOS, the inhibition of PGE, and
NO production[25, 26], and the induction of T lym-
phocyte apoptosis [27]. Lin et al demonstrated that TP
exerts a chondroprotective effect via a direct suppres-
sion of pro-MMP 1 and 3 production and a simultane-
ous up-regulation of TMPs in IL-I-treated synovial fi-
broblasts [18]. Another study showed that TP, with an
ICy, of 20-50ng/ml, selectively inhibits epithelial cell
expression of inflammatory cytokines and chemokines
stimulated by PMA and TNF-a or IL-1f via the sup-
pression of NFKB activity [28]. Furthermore, TP also
inhibits the transcriptional activation of NFkB in vari-
ous human cell types [29, 30]. In this study we con-
firmed those findings and found that TP suppressed
NFKB activity in a dose-dependent manner with an
ICs, of about 35ng/ml. The low concentration of TP
(<10ng/ml) did not affect NFxB activity or the ex-
pression of COX-2 and iNOS. Based on these results,
the low concentration of 10ng/ml TP was the concen-
tration chosen for subsequent study.

FK506, an antifungal natural macrolide that sup-
presses the immune system by blocking T-cell activa-
tion, and which is mainly used in organ transplantation
as an immunosuppressive agent [31, 32], can also be
used to treat patients with autoimmune diseases in-
cluding RA[33-35]. One of the therapeutic mecha-
nisms appears to be an FK506-induced reduction of
the high activation of NFKB that plays a pivotal role in
synovial inflammation in patients with RA [36]. Recent
studies have shown that FK506-binding protein binds
to the glucocorticoid receptors that activate signal
transduction pathways [37, 38]. The association may
explain FK506 influences on steroid function and
throws light on how drugs might be combined for the
purposes of treatment.

The use of TP is common in patients with RA.
However, because of side effects at therapeutic doses
[19], combinations of lower doses with synergistically
acting safer drugs might serve to preserve the thera-
peutic effect while preventing any serious complica-
tions from arising. In order to pursue this line of
thinking we investigated the possibility of combining
low concentrations of TP with FK506 using an in vit-
ro rheumatoid synovial fibroblast model. No marked
alterations in synovial cells were induced by FK506
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alone regarding NFKB activation, COX-2 and iNOS
gene expression, or PGE, and NO production at any
tested concentration. However, in the presence of TP
an inhibitory effect could be revealed. These results
suggest that TP enhances the sensitivity of RASF to-
wards FK506.

To extend our results further, we addressed the
mechanism underlying the down-regulation of COX-2
and iNOS, and assessed whether this was the result of
an inhibition of RASF proliferation. For this purpose
we assayed [H]-TdR incorporation. No effect was ob-
served on the inhibition of synovial cell proliferation
by TNF-o when either TP or FK506 were used alone
ot in combination.

In conclusion, treatment with TP and FK506 in
combination exerts a significantly higher inhibitory ef-
fect than TP or FK506 alone regarding NFKB activa-
tion, COX-2 and iNOS gene expression, as well as
PGE, and NO generation in rheumatoid synovial fi-
broblasts. This inhibitory effect is most likely mediat-
ed through a suppression of NFkB activity. These in
vitro results shed light on an important approach as to
how RA may be therapied in future.

Acknowledgements: This work was supported by the National
Science Foundation of China f®NO. 30170874 £O. We
would also like to thank Dr. Julian P. Keogh who reviewed
the English of this manuscript and provided additional edito-
rial assistance.

REFERENCES

1. Firestein GS, Alvaro-Gracia JM, Maki R, Alvaro-Garcia
JM. Quantitative analysis of cytokine gene expression in
rheumatoid arthritis. ] Immunol 1990; 144: 3347-3353

2. Chen E, Keystone EC, Fish EN. Restricted cytokine ex-
pression in rheumatoid arthritis. Arthritis Rheum 1993;
36: 901-910

3. Miossec P, van den Berg W. Th1/Th2 cytokine balance in
arthritis. Arthritis Rheum 1997;40: 2105-2115

4. Arend WP, Dayer JM. Inhibition of the production and
effects of interleukin-1 and tumor necrosis factor alpha in
rheumatoid arthritis. Arthritis Rheum 1995; 38: 151-160

5. Feldmann M, Elliott MJ, Woody JN, Maini RN. Anti-tu-
mor necrosis factor-alpha therapy of rheumatoid arthritis.
Adv Immunol 1997; 64: 283-350

6. Joosten LA, Lubberts E, Durez P, Helsen MM, Jacobs
MJ, Goldman M, van den Betrg WB. Role of intetleukin-4
and interleukin-10 in murine collagen-induced arthritis.
Protective effect of interleukin-4 and interleukin-10 treat-
ment on cartilage destruction. Arthritis Rheum 1997; 40:
249-260

7. Miossec P, Chomarat P, Dechanet |, Moreau JF, Roux JP,
Delmas P, Banchereau J. Interleukin-4 inhibits bone resorp-
tion through an effect on osteoclasts and proinflammatory
cytokines in an ex vivo model of bone resorption in
rheumatoid arthritis. Arthritis Rheum 1994; 37: 1715-1722

8. Bombardieri S, Cattani P, Ciabattoni G, Di Munno O,
Pasero G, Patrono C, Pinca E, et al. The synovial prosta-
glandin system in chronic inflammatory atthritis: differen-
tial effects of steroidal and nonsteroidal anti-inflammato-
ry drugs. Br ] Pharmacol 1981; 73: 893-901

9. Davies P, Bailey PJ, Goldenbetg MM, Ford-Hutchinson
AW. The role of arachidonic acid oxygenation products
in pain and inflammation. Annu Rev Immunol 1984; 2:
335-357

10. Robinson DR, Tashjian AH, Levine L. Prostaglandin-
stimulated bone resorption by rheumatoid synovia. A

EUROPEAN JOURNAL OF MEDICAL RESEARCH

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

115

possible mechanism for bone destruction in rheumatoid
arthritis. ] Clin Invest 1975; 56: 1181-1188

Salmon JA, Higgs GA, Vane JR, Bitensky L, Chayen J,
Henderson B, Cashman B. Synthesis of arachidonate cy-
clo-oxygenase products by rheumatoid and nonrheuma-
toid synovial lining in nonproliferative organ culture. Ann
Rheum Dis 1983; 42: 36-39

Wittenberg RH, Willburger RE, Kleemeyer KS, Peskar
BA. In vitro release of prostaglandins and leukotrienes
from synovial tissue, cartilage, and bone in degenerative
joint diseases. Arthritis Rheum 1993; 36: 1444-1450
Dubois RN, Abramson SB, Crofford L, Gupta RA, Si-
mon LS, Van De Putte LB, Lipsky PE. Cyclooxygenase in
biology and disease. FASEB J 1998; 12: 1063-1073

Vane JR, Bakhle YS, Botting RM. Cyclooxygenase 1 and
2. Annu Rev Pharmacol Toxicol 1998; 38: 97-120

Sano H, Hla T, Maier JA, Crofford L], Case JP, Maciag T,
Wilder RL. In vivo cyclooxygenase expression in synovial
tissues of patients with rheumatoid arthritis and os-
teoarthritis and rats with adjuvant and streptococcal cell
wall arthritis. ] Clin Invest 1992; 89: 97-108

Kang RY, Freire-Moar ], Sigal E, Chu CQ. Expression of
cyclooxygenase-2 in human and an animal model of
rheumatoid arthritis.. Br ] Rheumatol 1996; 35: 711-718
Beiche F, Brune K, Geisslinger G, Goppelt-Struebe M.
Expression of cyclooxygenase isoforms in the rat spinal
cord and their regulation during adjuvant-induced arthri-
tis. Inflamm Res 1998; 47: 482-487

Lin N, Sato T, Ito A. Triptolide, a novel diterpenoid
triepoxide from Tripterygium wilfordii Hook. f., sup-
presses the production and gene expression of pro-matrix
metalloproteinases 1 and 3 and augments those of tissue
inhibitors of metalloproteinases 1 and 2 in human
synovial fibroblasts. Arthritis Rheum 2001; 44: 2193-
2200

Chen BJ. Triptolide, a novel immunosuppressive and
anti-inflammatory agent purified from a Chinese herb
Tripterygium wilfordii Hook F. Leuk Lymphoma 2001,
42: 253-265

Gu WZ, Brandwein SR. Inhibition of type II collagen-in-
duced arthritis in rats by triptolide. Int ] Immunopharma-
col 1998; 20: 389-400

Kino T, Hatanaka H, Hashimoto M, Nishiyama M, Goto
T, Okuhara M, Kohsaka M et al. FK-506, a novel im-
munosuppressant isolated from a Streptomyces. 1. Fer-
mentation, isolation, and physico-chemical and biological
characteristics. | Antibiot 1987; 40: 1249-1255

Fuseler JW, Hearth-Holmes M, Grisham MB, Kang D,
Laroux FS, Wolf RE. FK506 attenuates developing and
established joint inflammation and suppresses interleukin
6 and nitric oxide expression in bacterial cell wall induced
polyarthritis. ] Rheumatol 2000; 27: 190-199

Drosos AA. Newer immunosuppressive drugs: Their po-
tential role in rheumatoid arthritis therapy. Drugs 2002;
62: 891-907

Takaoka Y, Nagai H, Tanahashi M, Kawada K. Cy-
closporin A and Fk-506 inhibit development of superanti-
gen-potentiated collagen-induced arthritis in mice. Gen
Pharmacol 1998; 30: 777-782

Tao X, Schulze-Koops H, Ma L, Cai J, Mao Y, Lipsky
PE. Effects of Tripterygium wilfordii hook F extracts on
induction of cyclooxygenase 2 activity and prostaglandin
E2 production. Arthritis Rheum 1998; 41: 130-138

Wang B, Ma I, Tao X, Lipsky PE. Triptolide, an active
component of the Chinese herbal remedy Tripterygium
wilfordii Hook F, inhibits production of nitric oxide by
decreasing inducible nitric oxide synthase gene transcrip-
tion. Arthritis Rheum 2004;50: 2995-3003

Yang Y, Liu Z, Tolosa E, Yang |, Li L. Triptolide induces
apoptotic death of T lymphocyte. Immunopharmacology
1998; 40: 139-149



116

28.

29.

30.

31.

32.

33.

34.

EUROPEAN JOURNAL OF MEDICAL RESEARCH

Zhao G, Vaszar LT, Qiu D, Shi I, Kao PN. Anti-inflam-
matory effects of triptolide in human bronchial epithelial
cells. Am J Physiol Lung Cell Mol Physiol 2000; 279:
1.958-1.966

Qiu D, Zhao G, Aoki Y, Shi L, Uyei A, Nazarian S, Ng
JCH et al. Immunosuppressant PG490 (Triptolide) in-
hibits T-cell interleukin-2 expression at the level of
putine-box/nuclear factor of activated T-cell and NF-a
B transcriptional activation. ] Biol Chem 1999; 274:
13443-13450

Qiu D, Kao PN. Immunosuppressive and anti-inflamma-
tory mechanisms of triptolide, the principal active ditet-
penoid from the Chinese medicinal herb Tripterygium
wilfordii Hook. f. Drugs R D 2003; 4: 1-18

Clark W. Tacrolimus: immunosuppression following liver
and kidney transplant. J Clin Pharm Ther 1996; 21: 135-
141

Mazariegos GV, Salzedas AA, Jain A, Reyes J. Conver-
sion from cyclosporin to tacrolimus in paediatric liver
transplant recipients. Paediatr Drugs 2001; 3: 661-672
Kemer JM, Habros ]S, Kolba KS§, Kaine JL, Borton MA,
Mengle-Gaw LJ, Schwartz BD, et al. Tacrolimus in
rheumatoid arthritis patients receiving concomitant
methotrexate: a six-month, open-label study. Arthritis
Rheum 2003; 48: 2763-2768

Furst DE, Saag K, Fleischmann MR, Sherrer Y, Block JA,
Schnitzer T, Rutstein J, et al. Efficacy of tacrolimus in
rheumatoid arthritis patients who have been treated un-
successfully with methotrexate: a six-month, double-
blind, randomized, dose-ranging study. Arthritis Rheum
2002; 46: 2020-2028

35.

36.

37.

38.

March 29, 2005

Gremillion RB, Posever JO, Manek N, West JP, van
Volen-Hoven RF. Tacrolimus (FK5006) in the treatment
of severe, refractory rheumatoid arthritis: Initial experi-
ence in 12 patients. ] Rheumatol 1999; 26: 2332-2336

Lee JI, Burckart GJ. Nuclear factor kappa B: important
transcription factor and therapeutic target. ] Clin Pharma-
col 1998; 38: 981-993

Yem AW, Tomasselli AG, Heinrikson RL, Zurcher-Neely
H, Ruff VA, Johnson RA, Deibel MR Jr. The hsp56 com-
ponent of steroid receptor complexes binds to immobi-
lized FK506 and shows homology to FKBP-12 and
FKBP-13. J Biol Chem 1992; 267: 2868-2871

Migita K, Tanaka H, Okamoto K, Yoshikawa N, Ichinose
Y, Urayama S, Yamasaki S et al. FK506 augments gluco-
corticoid-mediated cyclooxygenase-2 down-regulation in
human rheumatoid synovial fibroblasts. Lab Invest 2000;
80: 135-141

Received: January 14, 2005 | Accepted: February 25, 2005

Address for correspondence:

Prof. Dr. med. Norbert H. Brockmeyer
Department of Dermatology and Allergology
Ruhr-University Bochum

St. Josef-Hospital

Gudrunstr. 56

D-44791 Bochum, Germany

e-mail: n.brockmeyer@derma.de



