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Effects of tanshinone II -A sulfonate on adhesion molecule expression
of endothelial cells and platelets in vitro’
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AIM: To study the action of tanshinone [[-A
sulfonate { Tan) on adbesion molecule expression by
cultured endothelial cells and platelets. METHODS:
Tumor necrosis factor « ( TNF-a )-induced ICAM-1
expression on the cell surface and endothelial adbesivity
toward HL-60 cells were studied using human umbilical
vein endothelial cells { HUVEC). Thrombin-induced
expression of plaielet P-selectin was studied using
human blood platelets.  Adbesion molecule expressiom
on the cell surface was measured by flow cytometry.
The number of HL-60 cells adbering to the HUVEC
monolayer was determined by liquid scintillation
spectroscopy. RESULTS: Pretreatment of HUVEC
with TNF-¢ significantly enhanced ICAM-1 expression
and increased HL-60 cells adhesion to HUVEC from
46% +07% w30 % £6%. Tan (25 - 200
wmol + L) inhibited the effects of TNF-a in a
concentration-dependent manner. Tan also inhibited
the increase of P-selectin expression of thrombin-
activated platelets in a concentration-dependent
manner. CONCLUSION: Tan inhibited expression
of adhesion molecules ( ICAM-1, P-selectin) in
HUVEC and in human blood platelets.

Tanshinone [[-A was isolated from the root of
Salvia milliorvhizz . Its sulfonate is water-soluble and
can inhibit platelet adherence, aggregation and has an

antithrombotic  activity!' 21 It suppresses the
neutrophil  functions  including  acid- phosphatase
release, adhesiveness, phagocytosis, oxygen free

radical generation, and chemokinesis®~*'. [t also
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reduces myocardial necrosis concomitantly®'. To
further understand 1Lhe antithrombotic mechanism of
tanshinone Il -A sulfonate { Tan), the present study
was to investigate the effects of Tan on adhesion
molecule expression in cultured human umbilical vein
endothelial cells (HUVEC) and in platelets,
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MATERIALS AND METHODS

Repagents TNF-o was from Sigma. Tanshinone {[-A
sulfonate {mp 1M — 196 T, punty >90 % ) was supplied by
Shanghai Institwte of Matena Medica, Chinese Academy of
Sciences . ICAM-1 mAb 84HI0 was purchased tfrom
Imumunotech SA {France }.  The monoclonal antibody against P-
selectin was prepared in our laboratory' *,
were of AR.

Cell cultures HUVEC were isolated”' and cultured in
RPMLI640 { Gibco ), containing 20 % ( vol/vol ) heat-
inactivated fetal calf serum { FCS}. benzylpencillin 100 kU-L~!
and strepromycin 100 mg-L™" at 37 C in humidified 95 % ar
+5 % Oy. Confluent HUVEC were obtained after 53— 7 d.
HL60 cells were cultured in RPMI-1640 medium with 10 %
{vol/vol} KCS.

Preparation of platelet Blood was collected from
healthy volunteers in 2 % edetic acid (EDTA ). 7 % NaCl.
Platelets were washed and resuspendsd i Tyrode’s bulter { KCI
2.6. MgCL -6H.0 4.0, NaCl 135. NaHOO, 12.0. NaH,PO,
0.42, plucose 5.0 mmol-L=", and 0.25 % FCS. pH 7.4) .
Adjust the platelet concentration to 1 x 107-L~",

Flow cytometry Confluent HUVEC aeated with Tan or
TNF-o as described below were detached from the plate ( 6-well }
by PBS/EDTA 5 mmol-L~'. Cells were washed with RPMI-
1640 plus 10 % RCS, stained with the ICAM-1 mAb 84HI0

Other reagents
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diluted in PBS containing 2 % BSA and 0.2 % sodium azide.
Platelets were stained with anti-P-selectin mAb followed by
fluoresceineconjugated  poal  ami-mouse  IgG ¢ Sino- American
Biotechnology Co. Shanghai. China).  Cells immunotlvores-
cence analysis was performed with an EPICS XL cytofluorimeter
(Coulter, USA)  Five thousand cells were analyzed for each
experiment .

Celi adhesion assays HUVEC growth to confluence in
24-well plates were treated with Tan and TNFa as described
below . HILA0 cells were labeled with [*H ]thymidine 37 MBg-
L™" at 37 T for 2 h, washed thrice with RPML-1640 medium,
and incubated 21 37 C in RPMI- 1640 containing 10 % RCS for 1
h. Labeled HL-00 cells {1 x 10” cells/well } were incubated
with the HUVEC monddayer a1 37 C for 45 min.  Nonadherent
cells were rermoved by washing twice with RPMI-1640 medium
prewarmed to 37 T, The HL-60 cells adhening to the HUVEC
monolayer was detached in the presence of PBS containmg EDTA
10 mmol* L~ prechilled to 4 C and its radioactivity was counted
by liquid scintillation spectroscopy ¢ Beckmman L3600, USA).
HI-0 adherence 0 HUYEC was expressed as % of wotal cell
added.

Experimental protocol  Cultured confluent HUVEC
were washed twice with RPMI-1640 containing 5 % FCS. Tan
was dissolved in redistilled water.  The cells wer: incubated with
the indicated concentration of sterilized Tan at 37 C for 2 h.
then the TNF-x 5 g L™) was added for 16 h.  Human blood
Platelet suspension was incubated with Tan for 30 min ( each
sample was | x 10" platelets ), followed by activation with
thrornbin 1 kU =L~' for 20 min. In the cell adhesion assay.
HUVEC were stimulated with TNF.x L pg*L"' for 20 h. Tan
was added as described above.

Statistics Data were expressed as x + 5 and compared
with 1 test.

RESULTS

ICAM-1 expression and cell adhesion
Treatment of HUVEC with TNF-a 5 pg*L~' for 16 h
resulted in an increase in ICAM-1  expression.
Pretreament of the HUVEC with Tan {25 - 200
pmol+L~") for 2 h before adding TNF-¢, reduced
TNF-a-induced ECAM-1 expression on the cell surface
of HUVEC in a concentration-dependent manner
{Tab 1).

Basal HUVEC minimally bound HL-60 cells
(4.6 % = 0.7 %), whereas treatment of HUVEC
with TNF-¢ 1 g+ L' for 20 h, resulted in a 7-fold
increase in the number of HL-60 cells bound.
Pretreamment of the HUVEC monolayer with Tan (25 —
200 pmol+L =1}, reduced adherence of HL-60 cells to
TNF-q-treated HUVEC (Tab 2) .

Tab 1. Effect of Tan on ICAM-1 expression in
HUVEC. n=4, x+s5. "P<0.05, °P<0.01 s TNF-«
Supg-Lt.

Treatment Fluorescencee intensity ¢ 1g)
Controf 4.2x 0.4
TNFa 5 nge L™ 18.421.3
TNF-a + Tan 23 pmol+ L™’ 14.5x2.0
TNF-o + Tan 50 pmol-L~' 14.22 0.8
TNF-2 + Tan 100 pamol+L? 12.8x1.1°
TNF-a + Tan 200 pemol-L~' 11.0x[.0¢

Tab 2. Effect of Tan on HL-6G cells adhesion to
HUVEC. n=8, xts. "P<0.05, ‘P<0.01 vs TNF-u
1pgL-L,
Treatment Adbesion rate %

Control 4607

TNF-a L pg-L7* J0xo6

TNF-z + Tan 25 pamol+L™!? 242 5°

TNE-x + Tan 50 romol-L~" My

TNFE-a+ Tan 100 smol-L~' M+ 4

TNF-q + Tan 200 pamol < L~! 173

P-selectin _ expression in human blood
platelet The fluorescence associated  with
unstimulated platelets plus FITC-P-selectin mAb was
not different from the background fluorescence of
washed platelets alone (1.8 £ 0.1). Treamment of
platelet with thrombin } kU-L ™' for 20 min, resulted
in a marked increase of P-selectin expression and
reached 9.32 +0.15 in the mean fluorescence intensity
of the twoal platelet populadon. Preincubation of
platelet with Tan {25 - 200 umol+L~"} for 30 min, -
reduced thrombin-induced P-selectin expression in a
concentration-dependent manner {Tab 3), Tan 300
pmol-L~1 abolished the effect of thrombin.

DISCUSSION

The ability of HL-6( cells to adhere 1o cytokine-
treated HUVEC monolayers was used to assess
functional ICAM-1 expression. because HL-6G cells
were found to express the ligands for ICAM-1'% .
The present resultls showed that pretreament of
HUVEC with Tan inhibited TNF-a-induced ICAM-1
expression, and Tan may significantly decrease
adherence of leukocyte-like cell line (HL-60} 1o
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Tab 3. Effect of Tan on thrombin-induced P-selectin
expression in platelet. n=4, xzt 5.
2P » 0.05, P <0.01 vs thrombin 1 kU-L"1,

Treatment Fluerescenve intensity ( lg?
Contrul L2720 OO
Thrombin 1 kU-L ! $.32+0.13
Thrombin + Tan Lt -1~ Y05+ 0,29
Thrombin + Tan 25 jomol- L~ 7T
Thrombin + Tan 50 jomol-1.~! 7.39+0.58
Thrormbin + Tan 160 pmol <L~ BTy
Thrombin + Tan 200 pmwol- L™ o6 £ (ot

TNF-c-treated HUVEC, demonstrating that Tan may
be used 1o selectively inhibit the expression of
endothelial cell-adhesion molecule, inhibited adhesion
of HL-60 cells to TINF-c-activated endothelial cells,
further demonstrating pharmacological activity of Tan
in HUVEC.

{Our studies suggest that Tan alters the capacity of
HUVEC to respond to TNF-a. lmpairment of this
capacity would not only inhibit induction of adhesion
of ICAM-1. but also could inhibit induction of other
leukocyte HUVEC
the exact mechanism of
action of Tan in inhibiting cytokine-induced adhesion
has not yet known, but our findings that Tan inhibited
the TNF-« induced adhesiveness of HUVEC for HL-60
as well as ICAM-1 production in HUVEC suggest that
these ecvents may contribute to the anti-thrombosis
activity of Tan in vie.

P-selectin is an important adhesion molecule on

adhesion molecules involved in

interaction. At present,

platelets.,
L’

mediating  platelet-leukocyte  binding  in
In inflamation and thrombosis, P-selectn
may mediate the interaction of leukocyte with platelets

Vitro

bound in the region of tissue injury and sdmulated
endothelium ™' In the opresent smdy, we
demonstrated that Tan significantly inhibited thrombin-
induced P-selectin expression This
inhibitory effect is probably one of the Tan anti-
thrombosis mechanisms. .

In conclusion. the results showed that the and-
thrombosis of Tan was related to inhibited cell adhesion
molecule expression in both HUVEC and platelets.

in platelets.
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Pharmacokinetics of recombinant human granulocyte macrophage
colony-stimulating factor in Macaca mulatta
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AIM: To examine the pharmacokinetics of iv and sc
recombinant human granulocyte macrophage colony-
stimulating factor (thGM-CSF) in Macaca mularta .
METHODS: Plasma levels of thGM-CSF were
detected with sandwich enzyme-linked immunosorbent
assay. RESULTS: Plasma concentration-time curves
after iv thGM-CSF in monkeys were best fitted with 3-
compartment model. The 1st, Znd, and 3rd phase
T1 were 0.05-0.07, 0.14-0.58, and 1.4-4.1 h.

Ci and K, were similar between different doses,
respectively, Cpa was 0,93 £0.16 pg L™, T,
was 2,65+ 0.14 h, and elimination T.é was 2.5+0.3
h after sc thGM-CSF. The bioavailability after sc
hGM-CSF was 0.61. CONCLUSION: Pharma-
cokinetics of thGM-CSF in Macaca mulatta provided a
useful index for clinical trial.

Human granulocyte macrophage colony-stimulat-
ing factor ( hGM-CSF! is one of the hematopoietic
growth factors which control the proliferation and
survival of myeloid cells ''.  Recombinant hGM-CSF
( hGM-CSF ! has been developed for treatment of
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several hematopoietic disorders, and has shown
promise in  the ftreatment of myelodysplastic
syndromes, as an adjunct to autologous bone marrow
transplant, and the treatment of bone marrow
suppression induced by high dose chemotherapy'=~* .
In China, hGM-CSF has been developed into
therapeutic use. The present study, as part of the
preclinical studies of rhGM-CSF. was initiated to
investigate the pharmacokinetics of iv and <c injections
of thGM-CSF.

MATERIALS AND METHODS

Chemicals Bacterial-derived thGM-CSF ( Lot Mo 95011,
purity > 98 % . 300 pglampole, 6.67 x 10* TU = g™} was
provided by Shanghai Huaxin Biological High Techniques Co
Ltd, Shanghai, China. Standard GM-CSF was purchased from
Schering-Piough.  Monoclonal  antibody  against GM-CSF,
biotinylated antibody against GM-CSF, and stepavidin
conjugated horseradish  peroxidase complex were  purchased
from GIF, Mister. Germany. 3.3.5.3-Tetramethylbenzidine
(TMB ), gelatin, and bovine serum alburmn | BSA} were Jrom
Sigma.  Ketamioe hydrochloride (50 g- L™') was purchased
from Shanghai Zhongxi Phamaceutical Co Tid,  Shanghai,
China.

Macaca mulatia Macaca mudatta (n = 9, 2}
weightng 4 - 5 kg were provided from Shanghai Instinde of
Physiology., Shanghai. China. Only monkeys that had not
recerved mGM-CSF previously amd that ¢id not demonstrate
antibodies 10 MGM-CSF were used for this study. Monkeys
were randomly assigned to study groups

Pharmacokinetics of rhGM-CSF Monkeys were
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