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Inhibitory effect and mechanism of action of sanggenon C on human
polymorphonuclear leukocyte adhesion to human synovial cells!
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ABSTRACT

AIM: To examine the effect of sanggenon C on human
polymorphonuctear leukocyte (PMN) adhesion to human
synovial cell (HSC), and explore its mechanism.
METHODS: Adhesion of PMN 10 HSC was measured
by MTT colorimetry. Cell-ELISA and RT-PCR methods
were used to examine the expression of adhesion
molecules ICAM-1 and VCAM-1.  Activation of nuclear
factor-kappa B{NF-«B) was measured by electrophoretic
mobility shifi assays (EMSA) method. RESULTS:
Sanggenon C effectively inhibited TNF-a (30 kUL~ for
12 h) and 13 (50 kKU-17" for 12 h) induced adhesion
of PMN to HSC (IC5, 27,29 nmol+ L~ " and 54.45 nmol
L', respectively) in a concentration-dependent manner.
Adhesion molecule VCAM-1 surface protein and mRNA
expression induced by TNF-q 50 kU-L~' were signifi-
cantly inhibited by sanggenon C, nevertheless, for
ICAM-1 only surface protein expression being inhibited.
The activation of NF-xB was alse extensively inhibited by
sanggenon C. CONCLUSION: Sanggenon C inhibited
TNF-e-stimulated PMN-HSC adhesion and expression of
VCAM-1 by suppressing the activation of NF-«B.

INTRODUCTION

Rheumatoid arthritis {RA) is currently considered an
awtoimmune disease in which a pathelogic immune
response attacks synovial cells, cartilage, and bone
resulting in joint destruction and permanent disability.
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The pathogenesis of RA was not known clearly.
Recently, it is found that adhesion molecules. such as
ICAM-1 and VCAM-1'"* | are highly expressed in
synovial cells in the presence of proinflammatory
cytokines, such as TNF-o and lL-ll?)-?"”, while the
expression level in resting synovism is quite low W,
Furthermore, there are multiform inflammatory cyvtokines
and mononuclear cells and granulocytes filtrated in the
arthrosis cavity in RA patient”). The infiltration of
polymorphonuclear leukocyte (PMN} and macrophages to
the arthrosis cavities of RA patients was associated with
characteristic lesion for RA, and these infiltrated cells
presented some counter-receptor of HSC  adhesion
molecules,  Moreover, the activation of adhesion
molecule will induce the release of matrix metal-
loproteinase, as a tesult of which arthrosis cartilage is
destroyed' .
granulocytes can adhere to synovial cell and the adhesion
process plays a crucial role in the pathogenesis of RA.
Indeed, this adhesion phenomenon was observed in our
previoas experiment .

Based on these facts, we hypothesize that
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Structure of sanggenon C

Sanggenon C is a Diels-Alder type adducts
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compound. isolated from the root bark of Morus
Cathavana. In the present sudy, we explored the
inhibitory effect and mechanism of sanggenon C on
adhesion of PMN to HSC.

MATERIALS AND METHODS

Chemicals RT-PCR primer sequence was
designed using Primer Premier Software 3.0 and synthe-
sized by Shanghai Sangon Co. Sanggenon C (purity >
90 % assayed by HPLC) was provided by Professor
MAO Lin (Insttute of Materia Medica, Peking Union
Medical Coliege and Chinese Academy of Medical
Sciences ) ,

Isolation of human polymorphonuclear
leukocyte  Human blood was obtained from male
healthy volunteers. Peripheral blood samples of the
human were drawn from the median cubital vein, and
PMN was isolated as described previously!*’

Hurnan synovial cell (HSC) culture  Synovial
membrane tissue was obtained asepticly from nonarthritic
joint at the time of joint replacernent surgery. Synovial
membrane tissue was isolated and synovial cells were
cultured as described pnzviously: 80}

Adhesion assay of PMN and HSC  Assays
were performed as described previously[“j .

Enzyme immuncassay for the adhesion
molecule of HSC  Cell-ELISA system was developed
according to the method of Tessier to measure CD54/or
CDI06 !
10 9%6-well plates, with 3 x 10 cells/well, and grown to

Briefly, human synovial cells were seeded

confluence. The cells were treated with sanggenon C for
30 min before TNF-a (50 kU-L~!, Biotinge-Tech Co,
China} was added. and then incubated for 12 h. The
supernatants were removed and the cells were fixed with
100 p:L/well acetone for 10 min at room temperature.
The plates were gently washed in PBS for thrice and
incubated with monoclonal antibody against CD33/or
CD106 ( Pharmingen Co, USA) at a concentration of
1:300 at 37 T for 1 h.
removed, and the plates were genily washed with
0.05 % Tween-20-PBS for thrice. A 50 pL solution of
goal anti-mouse IgG-HRP {SABC, China) was added to
the wells, and the plates were incubated for a further
30 min at 37 T. The plates were washed thrice in 0).05
% Tween-20-PBS, and the
{ phosphate buffer containing 2 % OPD, Sigma Co) was
added. The plates were incubated at 37 C for 20 min,

The supematants were

solution of substrate

thereafier, 50 pL of HySO, 9 mol/L was added to stop
the reaction. The optical density at 19 nm was read on
Bio-Rad reader.

RT-PCR analysis of adhesion molecule
mRNA expression  Total RNA was isolated from
HSC with TRIzol according t the manufaciurer's
instructions.  RT-PCR was conducted using Access
RT-PCR System ( Promega, USA). The sequence of
primers are as follows: ICAM-1 sense 53'-GGC AGT
CAA CAG CTA AAA CC-3'; amisense 5 -AGT GCG
GCA CGA GAA ATT-3', 269 bp; VCAM-1 Sense 5'-
CTG CAA GGT TCT AGC GTG TA-3", amtisense 3'-
GGA AGG GCT GAC CAA GAC G-3', 292 bp:
GAPDH sense 5'-GAG GGG CCA TCC ACA GTC TT
C3'; antisense 5'-CAT CAC CTC TIC CAG GAG
CG-3", 357 bp. ICAM-1, VCAM-1, and GAPDH were
transcribed and extended, respectively.  The final
products were detected with 2 % agarose gel in TBE
buffer in the presence of ethidium bromide, and the bands
were visualized under UV light and photographed.

Nuclear extract preparation and -electro-
phoretic mobility shift assays  The experiments
were performed as described previously!™ . Oligo-
nucleotides used for the gel shift analysis were as
follows: NF-«kB {5'-AGTTGAGGGGACTTTCCCAAG-
GC-3', 3-TCAACTCCCCTGAAAGGGTTCCG-3 ).
(Pharmacia Co, USA) mut-NF-kB (5’-AGTTGA-GGC-
GACTTTCCCAAGGC-3", 3'-TCAACTCCGCTGAAA-
G-GGTTCCG-5", gifted by professor Xin-Sheng SONG,
University of Virginia, USA).

Statistical analysis
r+s. Differences were analyzed for significance by the
two-tailed ¢-test.

Data were presented as

RESULTS

Activation of PMN adhesion to HSC by
TNF-o and IL-1f  Adhesion of PMN to HSC was
stimulated significantly by TNF-a in a concentration-
dependent manner at concenrations of | — 50 kU-L™! for
12h. AstoIL-13, this stimulating effect was observed
only at 50 kU-L~'(Fig 1}.

Inhibition of sanggenon C on the adhesion of
PMN to HSC stimulated by TNF - o and IL - 1
Adhesion of PMN to HSC induced by TNF-c and IL-13
(30 kU- L") for 12 h was remarkably inhibited by
sanggenon C in a concentration-dependent manner at
concentrations of (0. 01 - 10 pmol- LY, with ICy of

27.29 and 54.45 nmol-L~", respectively (Tab 1).
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Fig 1. Effects of IL-1f and TNF-z on PMN adhesion to
HSC. Treated with stimulants of different concen-
trations for 2h. n=3. %zxs. "P<0.05 vs control,

Effects of sanggenon C on ICAM-1 and
VCAM.1 surface protein expression in HSC
ICAM-1 and VCAM-1 surface protein expression in HSC
induced by TNF-e (50 kKU L7') for 12 h was
significantly inhibited by 10 ymol<L ', the inhibitory
rates of which were 38.8 % and 29.6 %, respectively
(Tab 2).

Effects of sanggenon C on ICAM-1 and
VCAM-1 mRNA expression in HSC  Expression of
VCAM-1 mRNA was significantly inhibited by sanggenon
C ar concentrations of t — 10 pmol+ L~! in HSC
stimulated by TNF-o (30 kU-L"') for 6 h (Fig 2).
But for [CAM-1, no significant effect was observed.

Effects of sanggenon C on the activation of
NF-kB in HSC The activation of NF-kB was markedly
inhibited by sanggenon C at concentrations of 1 — 10 pumol
L' in HSC stimulated by TNF-q (50 kU-L™') for 1 h
{(Fig 3}.

DISCUSSION
Our study suggested that sanggenon C, which was

screened from more than thiny compounds extracted from
natural products, was an effective inhibitory agemt. It
can significantly inhibit the adhesion of PMN to RSC, the
chemotaxis and respiration burst of rat PMN i virro, and
carrageenin-induced paw edema of mice m vivo {data not
shown]. Our novel data indicated that the adhesion of
PMN 0 HSC induced by TNF-¢ and IL-13 was also
significantly inhibited by sanggenon C.

exploring  the inhibitory mechanism  of
sanggenon C on PMN adhesion to HSC, we examined the
surface protein and messenger RNA  expression of
ICAM-1 and VCAM-1. The results indicated that the
surface protein expression of ICAM-1 and VCAM-1 was
significantly inhibited by sanggenon C. the VCAM-1,
but not ICAM-1, mRNA expression was also inhibited by
this compound. The results were same as the effect of

For

Tab 1. Inhibition of sanggenon C on PMN adhesion to
HSC stimulated by TNF-a (50 kU-L"!} and IL-1p {50 kU-
LY for12h. n=6. xzxs. “P<0.01 vs control.
P <0.05, [P <0.01 vs INF-z. 'P<0.01 vs IL-1f8.

Concentrations.” " Inhibition IC:p
uoleL ™! e e’ pmol<L !
Control 0.024 +0.012
TNF-a 0.050 £0.015°
Sanggenon € 0.001 0. (480,005 .4 2,20
0.01 0.023 £ 0. 006° 5.6 i.13-57.80)
01 oot 890
1.0 0.018 £ 0.00' 3.7
0.0 0000128 o6
Control G.02910.014
L3 0.006 +0.019°
Sanggenon € 0,01 D.036:£0.011' 121 .45
10 0.0090.0l¢' B3 0R-0.4%)
1.0 00302 0.007 69.0
10.0 0,010 20, 006" 8.1

Tab 2. Inhibition of sanggenon C on surface protein expression of ICAM-1 and VCAM-1 of HSC induced by TNF-c (50
KU'L-!) by Cell. ELISA method. 7=6. ®xs. “P<0.01 vs control. °P<0.05, ‘P <0.01 us TNF-a.

Concentrations ICAM-1 VCAM-L
/pmol-L™! A Inhibition raie.” % A [nhibitiun rate %
Control 0.029£0.016 URIEINTS
TNF-e 0.20+0.05 0. 12£0.04¢
Sanggenon C 0.01 0.18x£0.05 10.2 0.102x0.022 14.3
0.1 0.127£0.017 35.2 U 10+0.03 18.7
1.0 0.130£0.021 32.9 0. 10£0.01° 20.4
10.0 0.120 £ 0015 1.8 0.084 + 0028 E- R
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Fig2. The inhibition of sanggenon C on ICAM.1 and
VCAM-1 mRNA expression in cultured HSC stimulated
by TNF-¢ 50 kUL for 6 h. GAPDH, ICAM-1, and
VCAM-1 levels in cultured HSC were detected with the
method of RT-PCR. The samples were loaded on a
2 % agarose gel. Lame 1: control; Lane Z: TNF-u;
lane 3. TNF-a + sanggenon C t pmol-L™'; Lame 4:
TNF¢ + sanggenon C 10 pmol * L~'; Lane 35:
pUC19DNA/Mspl DNA Marker.

1 20 a A B B A
Sanggenon

Fig 3. The inhibition of sanggenon € on NF-xB activity
in cultured HSC stimulated with TNF-a 50 kU L~! for
1 h. Lane 1: probe alone; Lane 2: control; Lane 3:
NF-xB + Nuclear extracts; Lane 4; mut + Nuclear
extracts; Lane 5: TNF-u alone; Lane 6: TNF-o +
sanggenon C 1 pmol-L-!; Lane 7: TNF-q + sanggenen
10 pmol+ L', In lanes 3 a 100-fold molar excess of
unlabeled specific oligonucleotide was added to the
binding reactions.

steroid anti-inflammatory drug, hydrocortisone, on the
expression of ICAM-1 and VCAM-1 in HSC™M!, but
significantly differed from non-steroid anti-inflammatory
drug, meloxicam (data not shown). Above results
suggested that both sanggenon C and hydrocortisone
might have same anti-adhesion mechanism. It is likely
that the inhibition of adhesion is mediated at least in part
by attenuation of VCAM-1 and ICAM-1 expression.

As the 5'-regulatory region of VCAM-1""! has

binding site of NF-«B. and suppressing activation of
NF-kB is one of the mechanism that hydrocortisone

inhibits expression of adhesion molecule, we examined
the inhibition of sanggenon C on NF-«B activation in
HSC. The results indicated that the activation of NF-«B
induced by TNF-o was significantly suppressed by
sanggenon C at 1 - 10 gmol 1.7 1, the potency was same
as hydmconisone[ 13- but was more potent than that of
meloxicam (data not shown) at the same concentrations.
These results suggested that inhibition of sanggenon C and
hydrocortisone on the NF-«B activation related 1w the
suppression of VCAM-1 expression.

In current experiments, we also observed that

surface protein but not mRNA expression of ICAM-1 was
suppressed by sanggenen C, suggesting that sanggenon C
may participate in the process of post-transcription of
ICAM-1, the mechanism of which need 1o be elucidated.

In conclusion, our results suggest thal suppressing

the activation of NF-«<B, attenuating the surface protein
and mRNA expression of VCAM-1, or suppressing the
surface expression of ICAM-1 may be the inhibitory
mechanism of sanggenon C on adhesion of PMN to HSC.
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