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Effects of Triptolide on the Expression and Activity of NF-xB in Synovi-
um of Collagen-induced Arthritis Rats”
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Summary; The expression and activity of NF-kB in the synovium of collagen-induced arthritis (CIA)
rats was detected in order to investigate the possible therapeutic effects of triptolide on rheumatoid
arthritis (RA). The experimental Wistar rat model of CIA was set up by intradermal injection of e-
mulsion of bovine collagen [I and the successful rate of setting-up models was evaluated by arthritis
index (AD). Rats were grouped randomly into three groups: normal, model and treatment group.
The expression of TNF-¢ and 11.-6 in synovial fluid was detected by ELISA, and the expression and
activity of NF-¢B in synovium by immunohistochemistry method and by electrophoretic mobility
shift assay (EMSA) respectively. As compared with normal group, the expression of TNF-¢ and
IL-6 in synovia (P<C0. 05), and the expression and activity of NF-¢B (P<{0. 05) in synovium were
- increased in model group. There was statistical difference in above-mentioned indexes between mod-
el group and treatment group. Triptolide may play a protective role in RA via downregulating the
expression and activity of NF-¢B in synovium,
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Rheumatoid arthritis (RA) is characterized by
synovial proliferation and influx of a variety of in-
flammatory cells, The process of disease progres-
sion results in bone and joint destruction. Accumu-
lation of many proinflammatory cytokines and che-
mokines in the synovium of RA patients is involved
in the inflammatory and destructive process. These
proteins include cytokines such as TNF-¢, IL-6
and IL-8; adhesion molecules such as E-selectin,
intercellular adhesion molecule 1; and enzymes
such as the nitric oxide synthase and cyclooxygen-
ase. The expression of all these proteins depends
on transcriptional activator nuclear factor kB (NF-
«B). Therefore, targeting the activation of NF-kB-
dependent transcription by pharmacologic agents
may prove to be quite useful in the treatment of
RA and other inflammatory disorders. We report
here triptolide, an active compound from
Tripterygium wilfordii Hook F (TWHF),
downregulates the expression and activity of NF-
kB in synovium of collagen-induced arthritis (CIA)
rats.

1 MAERIALS AND METHODS

1.1 Animals and Treatment

Fifty male rats, weighing from 130 — 150 g,
were purchased from Experimental Animal Center
of Tongji Medical College. Ten rats were randomly
selected as the normal group. Forty rats were im-
munized with Bovine collagen | (BC ) in Fre-
und’ s complete adjuvant (FCA) as earlier de-
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scribed!. Briefly, BCIl was completely dissolved
in 0. 1 mol/L glacial acetic acid at {inal concentra-
tion of 4 mg/mL and then stored at 4 'C overnight.
BC1l solution was mixed and emulsified in an equal
volume of FCA, All these procedures were made a-
septically. Rats were immunized by intradermal in-
jection at the 5 locations of the back and neck.
Each point was injected with 0. 05 mL BCTI emul-
sion. Booster injections were administered 15 days
later. The rats in normal group were injected with
physiological saline in the same way as indicated a-
bove. On the day 15 after the second immunization
with CII, severity of arthritis was evaluated. The
clinical severity of arthritis was quantified accord-
ing to a scoring system'’. The rats with 6 score-
arthritis were selected and randomly divided into
treatment group and model group (n=10 in each
group). Triptolide was purchased from Fujian In-
stitute of Medical Science (China). Triptolide
powder was dissolved in 5 % propylene glycol (100
ug triptolide per mL), filtrated, and then stored at
4 'C. The rats were treated with triptolide (0. 04
ml./100 g, intramuscularly, every third day) at
hind leg commencing on Day 30. The rats in model
group and normal group received respectively 0. 5
% propylene glycol or physiological saline by the
same way described above.
1.2 Synovium Separation

The rats were killed at 31st day after the trip-
tolide injection. The synovium was obtained as
previously described® *. For the immunchisto-
chemistry, the pieces of synovium in right knee
joints of triptolide group were cut, washed two
times with phosphate buffered saline and fixed in
10 % methanal. For the detection of NF-¢B, the
synovium in left knee joints was obtained. After
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removing synovium, the joints were washed with 1
ml. physiologic saline, and then the physiologic sa-
line was collected for detection of TNF-o and I1.-6.
1.3 Enzyme-linked Immunosordent Assay (ELISA)

TNF-¢ and IL-6 in the synovial fluid were
measured using commercially available ELISA kits
(BioSource International Company, China) accord-
ing to the test protocol.
1.4 Immunohistochemistry

Synovium slide was deparaffinized through xy-
lene and dehydrated with graded alcohol. Endoge-
nous peroxidase was then blocked with 3 % H,(Q,-
methanol for 15 min at 37 ‘C. The slide was
washed with distilled water and immersed in PBS
for 5 min. Antigen retrieval was routinely per-
formed in a microwave for 30 min. The slide was
washed 3 X3 min and then incubated with goat ser-
um at 37 C, The serum was removed 15 min later,
The antigen was bond with a prime antibody in a
humidified chamber at 4 'C overnight which was
monoclonal rabbit anti-rat NF-kB/p65 antibody at
1% 200 dilution. Slides prepared by substituting
PBS for the primary antibody served as the nega-
tive control. After a brief wash in PBS, the slide
was treated with goat anti-rabbit antibody for 45
min at 37 C., The slide was washed 3X 3 min and
then incubated with the third antibody labeled by
streptomycin-horseradish peroxidase for 45 min at
37 C. The slide was developed in diaminobenze-
dine solution (DBA) and then counterstained with
hematoxylin. The values of grayscales were quan-
tified with automatic image analyzer,
1.5 Electrophoretic Mobility Shift Assay (EMSA)

Nuclear extracts of the synovium were pre-
pared as previously described ‘- and quantified u-
sing Bradford's method. EMSA was performed u-
sing a commercial kit (Promega, USA). The NF-
xB oligonucleotide probe (5 -AGTTGAGGG-
GACTTTCCCAGGC-3") (Santa Cruz, USA) was
end-labeled with [ y-**P] ATP (Bejing Free Biolog-
ical Medical Company, China). The non-denatuing
50 g/L polyacrylamide gel was ran in 0. 25 X TBE
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Fig.1 Expression of NF-kB (p65)

buffer at a current of 18 mA for 40— 60 min. The
gel was vacuum-dried and exposed to X-ray film for
24 h at —70 C. Autoradiograms were quantified
using imagequant analysis software,
1.6 Statistical Analysis

Data were expressed as ¥+ s. Statistical sig-
nificance was determined by one-way ANOVA u-
sing SPSS11, 5.

2 RESULTS

2.1 Production of TNF-a and IL-6

The levels of TNF-q and IL-6 in synovial fluid
of CIA mice were significantly increased as com-
pared with normal group (P <C0. 01). Triptolide
could suppress the production of TNF-¢ and 1L-6
(table 1).
2.2 Expression of NF-xkB p65 in Synovium

The expression levels of NF-¢B p65 in the sy-
novium in CIA mice were higher than in normal
mice, The cells positive for NF-kB p65 were lym-
phocytes.

Table 1 Production of TNF-a and IL-6 (pg/mL, £%s)
Groups TNF-a IL-6
Normal 19.42+4, 23 19.38+2.24"
Model 44,171:8.94" 88.69+10.56"
Treatment 22.54%4.76 48.67+5.97

* P<C0. 01 as compared with treatment group

macrophages and fibroblasts which were dis-
tributed in synovial lining layer and synovial subin-
tima. The staining existed in both cytoplasm and
nucleus. The staining in nuclecus was agglomerate
and deep. After treatment with triptolide, the lev-
el of NF-«B staining was decreased markedly (table
2 and fig. 1).
2.3 Activity of NF-xB in Synovium

The activity of NF-¢kB in model group was
higher than in normal group (P<C0. 05). The ac-
tivity of NF-kB in treatment group was almost as
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A: Negative control slide; B: Positive staining of NF-¢kB was not found on sections of normal
control group; C: In model group, NF-¢kB was extensively expressed in both nuclei of cytoplasm
of cells; D: After treatment with triptolide, positive staining of NF-xkB was detectable occasion-

ally on the sections of normal control group
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high as that in normal group (P>>0. 05, table 2
and fig. 2).

Table 2 Expression and activity of NF-xB in synovium (x%s)

Expression of

Groups NF-kB(p65) Activity of NF-«B
Normal 90. 2749, 38 13.85+3.56
Model 169,15+ 10. 72" 25.63:£4.67"
Treatment 87.06+7.61 16. 4744, 21

* P<C0. 05 ws treatment group
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Fig.2 Activity of NF-kB in synovium
Lane A: Normal group; lLane B: Model
group; Lane C. Treatment group

3 DISCUSSION

Because CIA shares a number of pathological,
genetic, and immunologic features in common with
RA, the murine CIA model is widely used to study
disease mechanisms and potential therapies for
RA. The Chinese herbal remedy TWHF has been
known for thousands of years as a therapeutic a-
gent against RA and other autoimmune diseasest!.
Triptolide has been identified as a major active
compound in TWHF. Previous studies have shown
that triptolide can exert both immunosuppressive
and anti-inflammatory activities. The actions were
partially attributed to the inhibition of cyclooxyge-
nase (COX)-2, TNF-alpha, IL-1 beta, NO and
prostaglandin E; in rheumatoid fibroblasts and oth-
er cell typest® . In our previous study, it was
shown that triptolide could influence the prolifera-
tion of synovium in CIA rats by induction of apop-
tosist®!, However, we still understand little mech-
anisms by which triptolide is used to treat rheuma-
tism diseases.

NF-kB is a collective name for dimeric tran-
scription factors comprised of the proteins that in-
clude RelA (p65), c-Rel, RelB, NF-«B1 (p50) and
NF-¢B2 (p52). The most abundant form found in
stimulated cells is the RelA/NF-kBl (p65/p50)
heterodimer, often referred to as a “classic” NF-
kB. In unstimulated cells, NF-xB resides in the cy-
toplasm in a latent form, and must translocate to
the nucleus to function. The cytoplasmic retention
of NF-«B is provided by its interaction with inhibi-
tory proteins known as I¢B. Stimulation leads to a
phosphorylation-targeted proteasomal degradation

of IkB, allowing the active NF-«B to enter the nu-
cleus and initiate transcription®®!,

Activated NF-¢kB has been detected in human
synovial tissue on the early stage of joint inflamma-
tion, as well as in specimens obtained at the late
stage of the disease. It was also found in different
animal models of RA, such as CIA in mice, adju-
vant arthritis in rats and pristine-induced arthritis
in rats®, NF-«B is a pivotal regulator of inflam-
mation in RA. It plays an important role both at
the stage of initiation and the stage of perpetuation
of chronic inflammation in the disease. NF-«kB con-
trols the expression of cytokines TNF-a and IL-6
that are key mediators in the pathogenesis of RA.
We demonstrated that tirptolide suppressed the
NF-«B p65 expression and NF-¢B activity in syno-
vial tissue. Our studies also revealed that the levels
of TNF-a and IL-6 in synovial fluid, as well as in
serum (data not published), were reduced after
the treatment of triptolide. The suppression of
NF-kB activation may be responsible for the de-
crease of production of TNF-q and IL-6 in synovial
fluid. These results may partially accounts for the
triptolide therapeutic effects on RA.,
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