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ABSTRACT

Background: Platelet-activating factor (PAF) induces nuclear factor (NF)-KB activation
and angiogenesis and increases tumor growth and pulmonary tumor metastasis 7 vivo.
The role of NF-KB activation in PAF-induced angiogenesis in a mouse model of
Matrigel implantation, and in PAF-mediated pulmonary tumor metastasis were
investigated. Methods: Angiogenesis using Matrigel and experimental pulmonary tumor
metastasis were tested in a mouse model. Electrophoretic mobility shift assay was done
for the assessment of NF-KB translocation to the nucleus. Expression of angiogenic
factors, such as tumor necrosis factor (INF)-q, interleukin (IL)-1q, basic fibroblast
growth factor (bFGF), and vascular endothelial growth factor (VEGF) were tested by
RT-PCR and ELISA. Results: PAF induced a dose- and time-dependent angiogenic
response. PAF-induced angiogenesis was significantly blocked by PAF antagonist,
CV6209, and inhibitors of NF-KB expression or action, including antisense oligonucleotides
to p65 subunit of NF-KkB (p65 AS) and antioxidants such as a-tocopherol and
N-acetyl-L-cysteine. In vitro, PAF activated the transcription factor, NF-KB and induced
mRNA expression of TNF-q, I1L-1a, bFGF, VEGF, and its receptor, KDR. The
PAF-induced expression of the above mentioned factors was inhibited by p65 AS or
antioxidants. Also, protein synthesis of VEGF was increased by PAF and inhibited by
p65 AS or antioxidants. The angiogenic effect of PAF was blocked when anti-VEGF
antibodies was treated or antibodies against TNF-q, IL-1a, and bFGF was
co-administrated, but not by antibodies against TNF-¢, IL-1a, and bFGF each alone.
PAF-augmented pulmonary tumor metastasis was inhibited by p65 AS or antioxidants.
Conclusion: These data indicate that PAF increases angiogenesis and pulmonary tumor
metastasis through NF-KB activation and expression of NF-KB-dependent angiogenic
factors. (Immune Network 2003;3(1):38-46)
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Figure 1. PAF augments angiogenesis. (A) The Matrigel plugs mixed with PAF (1lg) were injected s.c.. On day 6, the Matrigel plugs
were excised and photographed. (B) Matrigel was mixed with indicated concentrations of PAF and injected s.c.. On day 6, the Matrigel
plugs were excised and used for quantification of angiogenesis by measuring the hemoglobin content in the Matrigel matrix. Hemoglobin
was measured by using the Drabkin reagent kit 525 as described in the Materials and Methods. Matrigel containing 64 U/ml hepatin
and the vehicle alone was used as a control. (C) The Matrigel plugs mixed with PAF (1lg) were injected s.c.. At the indicated days,
the Matrigel plugs were excised and used for quantification of angiogenesis. The results were expressed as mg of hemoglobin/g of
Matrigel pellet. *: P<0.0001 compared with control group. Values are expressed as means; barstS.E.
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Figure 2. PAF induces angiogenesis via the activation of NF-KkB. (A) Matrigel containing 64 U/ml heparin was mixed with PAF
(1ug) with or without various concentrations of CV 6209. (B) Matrigel was mixed with PAF (1lg) in the presence or absence of
indicated concentrations of p65 AS or NS control oligonucleotide. (C) Matrigel containing 64 U/ml heparin was mixed with PAF
(1g) with or without the addition of Vit. E (5Ug) or NAC (10Ug). The Matrigel plugs were excised and processed for quantification
of angiogenesis by measuring the hemoglobin content on day 6. The tesults were expressed as mg of hemoglobin/g of Matrigel pellet.
*: P<0.0001 compared with control group, **: 0.0001 <P<0.05 compared with PAF-treated group. Values are expressed as means;
bars, *S.E.
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Figure 3. PAF-induced NF-kB acnvauon is blocked by PAF antagonist, CV6209 or NF-KB inhibitors, p65 AS oligonucleotide and
antioxidants. (A) SVEC4-10 (l><10 cells/dish) wete pretreated with CV6209 30 min ptrior to PAF treatment. (B) SVEC4-10 were
plated at 1x10” cells/dish, and were pretreated with p65 AS or NS control oligonucleotide at indicated concentrations 3 days prior
to PAF (0.5lg/ml) treatment. (C) SVEC4-10 (1><10 cells/dish) were pretreated with Vit. E, or NAC at indicated concentrauons
30 min prior to PAF treatment. Nuclear extracts were prepared 1 h after PAF treatment, and were incubated with a ?P-labeled KB

and electrophoresed on a 4% polyacrylamide gel.
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Figure 4. Expression of TNF-q, IL-q, bFGF VEGF, and VEGF receptor, KDR mRNA by PAF is inhibited by p65 AS ohgonuclcondc
and antioxidants. (A, C) HUVEC (1><10 cell%/ dish) were pretreated with p65 AS or NS control oligonucleotide 5 days prior to PAF
(0.50g/ml) treatment. (B, D) HUVEC (1><10 cells/dish) were pretreated with Vit. E, or NAC 30 min prior to PAF treatment. RNA
was prepared 3 h after PAF treatment. cDNA was reverse transcribed from total RNA of the cells (0.01lg) and amplified as described
in the Materials & Methods. Signal intensity of these amplified cDNA was analyzed quantitatively using Fluor-STM Imager (Bio-Rad,
Muncher, Germany). These results of RT-PCR are shown (upper panels) and quantitated by calculating the ratio of densitometric reading

of the bands for cytokines and P-actin (lower panels).
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Figure 5. PAF-induced production of VEGF is inhibited by 65
AS oligonucleotide or antioxidants. (A) HUVEC (1><10
cells/dish) were pretreated with p65 AS or NS control
oligonucleotide at the indicated concentratlons 5 days prior to
PAF (0.50g/ml) treatment. (B) HUVEC (1x10° cells/dish) were
pretreated with Vit. E, or NAC 30 min prior to PAF treatment.
Cell lysates were prepared 3 h after PAF treatment, and the
contents of VEGF was measured by ELISA. *: P<0.05
compared with control group, **: P<0.05 compated with
PAF-treated group. Values ate expressed as means; bars, *S.E.
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Figure 6. Neutralizing antibodies against NF-kB-dependent
angiogenic factors inhibit the angiogenic effect of PAF. (A)
Matrigels containing 64 U/ml heparin were mixed with PAF (1
Ug) in the presence or absence of neutralizing antibodies for
VEGF, TNF-q, IL-1a, and bFGF. Isotype-matched rabbit IgG
(100 ng) or goat IgG (100 ng) were used as negative controls.
(B) Matrigels were mixed with PAF (1lg) in the combinational
presence of neutralizing antibodies for TNF-a (90 ng), IL-1a
(100 ng), and bFGF (80 ng) at concentration that resulted in the
neutralization of 50% maximal angiogenic effect of each cytokine
in Matrigel. The results are expressed as mg of hemoglobin/g
of Matrigel pellet. *: P<0.0001 compared with control group,
**:0.0001 <P<0.05 compared with PAF-treated group. Values

are expressed as means; bars, £S.E.



44 Hyun-Mi Ko, et al.

A

Q"(’:?’c’;%

Rl ,g"' pls g
-z SR
+ -+ a : .I‘Eh *‘QM%'
i
0 50 100150 200 250

Median lung colonies

B
RN

7 8B
SRZTE
77 e

A sl el
0 50 100150 200 250

Median lung colonies

Figure 7. NF-kB p65 AS oligonucleotide or antioxidants inhibit
PAF-induced enhancement of pulmonary tumor metastasis. PAF
was administered (single injection, daily) i.p. for 3 consecutive
days (days 0-2) after B16F10 melanoma cell injection on day 0
(1.5%10°/mouse, i.v.). (A) p65 AS or NS control oligonucleotide
mixed with Trans IT In Vivo Polymer solution was injected i.v.
7 and 4 days prior to B16F10 melanoma cell injection. (B) Each
group of mice (n=5) was treated with Vit. E (0.5 mg/mouse,
ip.) 2 h prior to each injection of PAF or NAC (2.5 mg/mouse,
oral) 30 min prior to each injection of PAF. Lungs were removed
on day 14, and the number of surface colonies was counted.
*: P<0.05 compared with control group, **: P<0.05 compared with
PAF-treated group. Values ate expressed as means; bars, +S.E.
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