
Introduction

Fourteen-membered ring macrolide antibiotics have

been shown to regulate cytokine production in various im-

munocompetent cells1）2）, and are known to be highly effec-

tive in the treatment of chronic airway infections. Both

erythromycin and roxithromycin inhibit biofilm synthesis

in Pseudomonas aeruginosa, and prevent them from re-

maining in the lower respiratory tract3）. Macrolides are

also known to be effective in the treatment of some types

of bronchial asthma4）5）. Recently , macrolides have re-

ceived attention as potential antitumor and antimetastatic

agents. Hamada et al .6） reported that erythromycin pro-

longed survival time and depressed tumor growth in

tumor-bearing mice , and that macrolide treatment en-

hanced the tumoricidal activity of both macrophages and

natural killer cells by enhancing the production of

interleukin-4（IL-4）. As the process of angiogenesis is re-

quired for tumor growth and metastasis, anti-angiogenesis

therapy has received attention as a potential cancer ther-

apy7）. Angiogenesis is a multistep process that involves
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breakdown of the extracellular matrix by endothelial cells,

as well as their migration, proliferation and tube forma-

tion8）. Recently, Yatsunami et al.9）reported that clarithro-

mycin（CAM）suppressed not only tumor-induced angio-

genesis in vivo , but also tube formation of human umbili-

cal vein endothelial cells（HUVEC）in vitro , suggesting

a possible mechanism for the antitumor and antimetas-

tatic effects of macrolides. In this study, we investigate

the effects of macrolides on the proliferation of tumor

cells, the production of angiogenic factors by tumor cells,

and their effects on the three steps of angiogenesis ; mi-

gration , proliferation and tube formation of endothelial

cells in vitro , to clarify the antitumor and antimetastatic

effects of macrolides.

Materials and Methods

Cells

HUVEC were purchased from Clonetics（San Diego,

California, USA）and cultured in Endothelial Cell Basal

Medium 2（EBM2）containing 2％ fetal bovine serum

（FBS）, hydrocortisone , human basic fibroblast growth

factor（FGF）, vascular endothelial growth factor（VEGF）,

insulin-like growth factor-1, heparin, ascorbic acid, human

epidermal growth factor, gentamicin and amphotericin-B.

Human A 549 bronchiolo-alveolar carcinoma cells were

purchased from the American Type Culture Collection

（Rockville, Maryland, USA）and cultured in Dulbecco’s

Modified Eagle Medium（D-MEM）containing 10％FBS.

Both types of cultures were incubated at 37℃ in a hu-

midified atmosphere of 5％ carbon dioxide. In our prelimi-

nary experiments, we examined the angiogenic effects of

various lung carcinoma cell lines such as A549 cells, hu-

man H69 small cell carcinoma cells, human PC-14 adeno-

carcinoma cells and human KB squamous cell carcinoma

cells. The results showed that only culture supernatant

from A549 cells significantly promoted tube-formation of

HUVEC（unpublished observations）. Therefore, we used

A549 cells as a human carcinoma cell model in this study.

Macrolide antibiotics

CAM was chosen as a 14-membered ring macrolide anti-

biotic, and Midecamycin（MDM）was chosen as a 16-

membered ring macrolide in this study. Both were dis-

solved in methanol at a concentration of 2000µg�ml and

then diluted to concentrations of 100,10 and 1.0µg�ml

with sterile distilled water . The maximum serum drug

concentrations in subjects who received CAM at a dose of

400 mg�day and MDM at 600 mg�day were reportedly 1.1

mg�ml and 2.3 mg�ml, respectively. Therefore, concentra-

tions of both CAM（0.1～10 mg�ml）and MDM（0.1～10

mg�ml）used in this study correspond to the maximum

concentration in serum.

Preparation of macrolide-treated A549 cell culture su-

pernatant

A total of 1×106 A549 cells were cultured in tissue cul-

ture flasks（area＝25cm2）. After 24 hours, the media was

removed and the flasks were rinsed with phosphate buff-

ered saline（PBS）. For the tube formation assay, 9 ml of

FBS-free D-MEM plus 1 ml of each macrolide dilution

were added to the flasks. For the proliferation and cell mi-

gration assays, 4.5 ml of D-MEM plus 10％ FBS and 0.5 ml

of each macrolide dilution were added to the flasks. The

concentrations of macrolides in each flask were adjusted

to be 10, 1.0, 0.1, and 0µg�ml as a control. After 24 hours,

cell culture supernatant was gathered, centrifuged and

used in assays.

HUVEC migration assay

A wounding migration assay was performed10）. A total of

1x105 HUVEC were cultured in EBM2 containing 2％ FBS

plus growth factors in 24-well culture plates . After 24

hours , the confluent endothelial monolayers were wo-

unded across the diameter of the well with a 2 mm-wide

cell scraper. The media and detached cells were aspirated

and the wells rinsed with Hepes buffer. Then 500µl of

EBM2 containing 2％ FBS and growth factors and 500µl of

the macrolide-treated A549 cell supernatant as macrolide-

treated group or 500µl of A549 cell supernatant as a con-

trol were added to the wells together. We made another

group in which 500µl of 10％ FBS D-MEM and 500µl of

EBM2 containing 2％ FBS and growth factors were added

to each well. To investigate the direct effect of macrolides

on HUVEC migration, 900µl of EBM2 containing 2％ FBS

plus growth factors, and 100µl of diluted macrolide were

added to the wells after wounding . Twelve hours after

wounding, cells were stained with Diff-Quick（ Interna-

tional Reagents Corp. Kobe, Japan）and photographed at

×40 magnification . Micrographs were scanned using a

film scanner, analyzed using an image analyzer（NIH im-

age）, and the total numbers of migrated cells were

counted. Each value represents the mean of quadrupli-

cate experiments.

Proliferation assay

3-（4, 5-dimethylthiazol-2-yl）-2, 5-diphenyl tetrasodium
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bromide（MTT）was purchased from Chemicon Interna-

tional Inc.（Temecula, CA, USA）11）. The effect of macrol-

ides on the proliferation of both HUVEC and A549 cells,

and those of the macrolide-treated A549 cell supernatant

on HUVEC proliferation , were investigated by MTT as-

say11）. A total of 3×104 A549 cells were cultured in 96-well

culture plates. After a 24 hour incubation, the media were

removed and 90µl of D-MEM plus 10％ FBS and 10µl of

various concentrations of macrolides were added to each

well. MTT assay was performed after 48 hours incubation.

To examine HUVEC proliferation, two MTT assays were

performed. A total of 1×103 HUVEC were cultured in 96-

well culture plates . The media were removed after 24

hours and each well rinsed with Hepes buffer. In the first

assay , either 50 µl of the macrolide-treated A 549 cell

supernatant, or 50µl of 10％ FBS D-MEM, were added to

each well. In addition, 50µl of EBM2 plus 2％ FBS con-

taining growth factors were added to each well. In the sec-

ond assay, 50µl of EBM2 plus 2％ FBS containing growth

factors, 40µl of normal A549 cell supernatant and 10µl of

diluted macrolide were added to each well. After 48 hours

incubation, MTT assays were performed. Each value rep-

resents the mean of quadruplicate experiments.

Tube formation assay

Growth factor-reduced MATRIGEL� -coated 24-well

plates（Becton Dickinson Labware, Bedford, MA, USA）

were used in this assay12）13）. A total of 900 µl of either

macrolide-treated A549 cell supernatant, or FBS-free D-

MEM, were added to each well, along with 100µl of HU-

VEC（3×105�ml suspended with Hepes buffer）. To inves-

tigate the direct effect of macrolides on HUVEC tube for-

mation, 800µl of FBS-free and growth factor-free EBM

2,100µl of diluted macrolide, and 100µl of HUVEC were

added to each well. After 3 hours incubation, the forma-

tion of tube-like structures by HUVEC was examined mi-

croscopically and photographed. These micrographs were

scanned using a film scanner and analyzed using an image

analyzer（NIH image）. The total length of tube formation

was measured as an index of this assay. Each value repre-

sents the mean of triplicate experiments . Interleukin-8

（IL-8）is known as a potent angiogenic factor in vivo14）15）,

and to examine its effects on HUVEC tube formation, 100

µl of various concentrations of human recombinant IL-8

（Dainippon Pharmaceutical Co. Ltd. ,Osaka, Japan）, 800µl

of FBS-free and growth factor-free EBM2 and 100µl of

HUVEC were added to the wells. The concentrations of

IL-8 in each well were adjusted to be 100, 10, 1.0, 0.1, 0.01

or 0 ng�ml. After 3 hours incubation, the formation of

tube-like structures by HUVEC was examined as de-

scribed above.

Quantitative analysis of the angiogenic factors（basic

FGF, VEGF and IL-8）in macrolide-treated A549 cell su-

pernatant by ELISA

The levels of basic FGF and IL-8 in the supernatant

from A549 cells prepared for the tube formation assay

were determined by enzyme-linked immunosorbent assay

（ELISA）. ELISA of VEGF requires FBS at a concentration

of at least 1％ in the supernatant to stabilize VEGF .

Therefore, the FBS-free cell culture supernatant used in

the tube formation assay could not be used in the VEGF

ELISA. Therefore supernatant from macrolide-treated A

549 cells made from D-MEM plus 10％ FBS was prepared

for VEGF ELISA. ELISA kits were obtained from R&D

Systems（Minneapolis, MN, USA）.

Quantitative analysis of urokinase plasminogen activa-

tor in macrolide-treated A549 and HUVEC cell super-

natant by ELISA

A total of 1×106 A549 cells were cultured in tissue cul-

ture flasks（area＝25 cm2）. After 48 hours when the cells

had almost reached confluence , the flasks were rinsed

with PBS, and 9 ml of FBS-free D-MEM and 1 ml of di-

luted macrolide were added. After 48 hours incubation,

the supernatants were collected, centrifuged, and used in

this assay.

A total of 5×105 HUVEC were cultured in tissue culture

flasks. After 48 hours when HUVEC had almost reached

confluence, the flasks were rinsed with Hepes buffer, and

9 ml of EBM2 without FBS or supplemental growth fac-

tors and 1 ml of macrolide dilution were added. After 24

hours incubation, the supernatants were collected, centri-

fuged and used in this assay . Quantitative analysis of

urokinase plasminogen activator（u-PA）was performed

by ELISA.

Statistical analysis.

Statistical significance was established by Student’s t-

test or the Welch test when dispersion between groups

was not equal in F-test. The data were considered statisti-

cally significant if the p value was less than 0.05.

Results

HUVEC migration assay

A wounding migration assay was performed with the
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culture supernatants from macrolide-untreated A549 cells

as a control（Fig. 1A）. The culture supernatants from

macrolide-untreated A549 cells promoted the migration of

HUVEC compared with 10％ FBS D-MEM. Culture super-

natant from A549 cells treated with each macrolide at a

concentration of 0.1µg�ml inhibited the migration caused

by the A549 cells, whereas prior treatment with CAM at

10µg�ml promoted migration . Another assay was per-

formed to investigate the direct effect of macrolides on

migration（Fig. 1-B）. Neither macrolide affected migration

of HUVEC when added directly to culture, suggesting that

macrolides may only affect the migration of HUVEC indi-

rectly via the effect on A549 cells.

Proliferation assay

The effect of macrolides on proliferation of A549 cells

was investigated by MTT assay（Fig. 2A）. CAM did not

affect the proliferation of A549 cells at concentrations of

0.1-10µg�ml. However, compared with controls, MDM did

significantly inhibit proliferation of A549 cells at the same

concentrations, in a dose-dependent manner. At both 1.0

and 10µg�ml concentrations, a statistically significant dif-

ference in proliferation between CAM and MDM treated
Fig. 1. Wounding cell migration assay of HUVEC.

（A）The effects of culture supernatant from macrolide-treated

A549 cells on HUVEC migration. Cells were cultured with D-

MEM supplemented with 10％ FBS（D-MEM＋10％ FBS）（●）,

culture supernatant from macrolide-untreated A549 cells（○）,

culture supernatant from CAM-treated A549 cells（0.1, 1.0, 10

mg�ml）（□）or culture supernatant from MDM-treated A549

cells（0.1, 1.0, 10 mg�ml）（△）. Results are expressed as the

mean±SD of 4 different experiments. ＊1 ; p＜0.01 compared

with number of migrated cells cultured with D-MEM＋10％

FBS. ＊2 ; p＜0.05 compared with number of migrated cells cul-

tured with macrolide-untreated A549 culture supernatant. ＊3 ;

p＜0.01 compared with number of migrated cells cultured with

macrolide-untreated A549 culture supernatant.（B）The direct

effects of macrolides on HUVEC migration. Cells were cultured

with D-MEM supplemented with 10％ FBS（○）, various con-

centrations of CAM（□）or various concentration of MDM（△）.
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cells was observed . We also examined the effects of

macrolide-treated A549 culture supernatant on the prolif-

eration of HUVEC（Fig. 2B）. The culture supernatant from

macrolide-untreated A549 cells promoted proliferation of

HUVEC, compared with 10％ FBS D-MEM. The prolifera-

tion of HUVEC cultured with A549 culture supernatant

that had been treated with 10µg�ml CAM was lower than

that cultured with 10％ FBS D-MEM, indicating that the

culture supernatant from the CAM-treated A549 cells in-

hibits the proliferation of HUVEC. In contrast, the culture

supernatant from MDM-treated A 549 cells showed the

same promoting effect on HUVEC proliferation , as

macrolide-untreated A549 cell supernatant. At a concen-

tration of 10µg�ml, there was a significant difference in

the proliferation of HUVEC between CAM and MDM treat-

ments. As the culture supernatant from macrolide-treated

A549 cells may have contained macrolide antibiotics, the

possibility that CAM present in the supernatant directly

inhibited HUVEC proliferation could not be ruled out .

Therefore, a second MTT assay was performed（Fig. 2C）,

to test the direct effects of macrolides on HUVEC prolif-

eration. As the macrolides were added separately in a final

step , A 549 cells were not macrolide-treated . Neither

macrolide showed any direct effect on the proliferation of

HUVEC.

Fig. 2. Proliferation of A549 and HUVEC.

（A）The effects of macrolides on proliferation of A549 cells.

Cells were cultured with D-MEM supplemented with 10％ FBS

（○）, various concentration of CAM（□）or various concentra-

tion of MDM（△）. Results are expressed as the mean±SD of

4 different experiments. ＊1 ; p＜0.01 compared with prolifera-

tion of cells cultured with D-MEM＋10％ FBS.（B）The effects

of culture supernatant from macrolide-treated A549 cells on

HUVEC proliferation. Cells were cultured with D-MEM supple-

mented with 10％ FBS（D-MEM＋10％ FBS）（●）, culture su-

pernatant from macrolide-untreated A549 cells（○）, culture

supernatant from CAM-treated A549 cells（0.1,1.0,10 mg�ml）

（□）or culture supernatant from MDM-treated A549 cells（0.1,

1.0, 10mg�ml）（△）. Results are expressed as the mean±SD of

4 different experiments. ＊1 ; p＜0.01 compared with cell prolif-

eration cultured with D-MEM＋10％ FBS. ＊2 ; p＜0.05 com-

pared with cell proliferation cultured with macrolide-untreated

A549 cell culture supernatant ＊3 ; p＜0.01 compared with cell

proliferation cultured with macrolide-untreated A549 cell cul-

ture supernatant.（C）The direct effect of macrolides on HU-

VEC proliferation. Cells were cultured without any macrolide

（○）, with various concentration of CAM（□）or various con-

centrations of MDM（△）. Results are expressed as the mean

±SD of 4 different experiments.

Fig. 3. Photomicrographs of the tube formation assay of HU-

VEC cultured with FBS-free D-MEM（A）, culture su-

pernatant from A549 cells（B）, culture supernatant

from A549 cells treated with 0.1µg�ml（C）, 1.0µg�ml

（D）and 10µg�ml（E）of CAM. Original magnification :

× 40. Results are representative of three experi-

ments.
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Tube formation assay

The effects of culture supernatant from macrolide-

treated A549 cells on the tube formation of HUVEC were

investigated . The culture supernatant from macrolide-

untreated A549 cells promoted tube formation compared

with FBS-free D-MEM（Fig. 3A & B, 4A & B）. However,

CAM-treated A549 culture supernatant inhibited tube for-

mation in a dose-dependent manner（Fig. 3B～E, 4A）,

whereas culture supernatant from MDM-treated A 549

cells had no effect（Fig. 4B）. In contrast, neither macrol-

ide directly suppressed tube formation（Fig. 4C）. Since IL-

8 is known to be a potent angiogenic factor14）15）, we investi-

gated the effect of IL-8 on HUVEC tube formation. The re-

sults showed that IL-8 did not affect tube formation at any

concentration（Fig. 4D）.

Quantitative analysis of basic FGF, VEGF and IL-8 as

angiogenic factors in the culture supernatant from

macrolide-treated A549 cells

Macrolide-untreated A 549 culture supernatant pro-

moted tube formation in HUVEC（Fig. 3 and Fig. 4）, but

the culture supernatant from A 549 cells treated with

CAM, but not MDM, inhibited tube formation（Fig. 3 and

Fig. 4）. Since basic FGF, VEGF and IL-8 are known to

promote angiogenesis14）～17）, the concentration of these fac-

tors, as well as the effect of macrolides on their produc-

tion, in A549 culture supernatant were determined. The

concentration of basic FGF in A549 cell supernatant was

below the assay sensitivity limit of the ELISA kit used（5

pg�ml）. The concentration of VEGF in macrolide-

untreated A549 cell supernatant was 1.3 ng�ml, and IL-8

was present at 2.6 ng�ml. The production of VEGF was in-

hibited by both macrolides, but to a lesser degree by CAM

（Fig. 5A）. The production of IL-8 was inhibited by CAM

Fig. 4. Tube formation of HUVEC.

（A）The effects of culture supernatant from CAM-treated A549

cells on HUVEC tube formation．Cells were cultured with D-

MEM（●）, culture supernatant from A549 cells（○）or culture

supernatant from CAM-treated A549 cells（0.1, 1.0, 10 mg�ml）

（□）. Results are expressed as the mean±SD of three differ-

ent experiments. ＊1 ; p＜0.01 compared with tube formation in

cells cultured with D-MEM. ＊2 ; p＜0.01 compared with tube

formation in cells cultured with the A549 culture supernatant.

（B）The effects of culture supernatant from MDM-treated A

549 cells on HUVEC tube formation. Cells were cultured with

D-MEM（●）, culture supernatant from A549 cells（○）or cul-

ture supernatant from MDM-treated A549 cells（0.1, 1.0, 10 mg

�ml）（□）. Results are expressed as the mean±SD of three dif-

ferent experiments. ＊1 ; p＜0.01 compared with tube forma-

tion in cells cultured with D-MEM.（C）The direct effects of

macrolides on tube formation of HUVEC. Cells were cultured

without any macrolide（○）, with various concentrations of

CAM（□）or various concentrations of MDM（△）. Results are

expressed as the mean±SD of three different experiments.

（D）The effects of IL-8 on tube formation of HUVEC. The cells

were cultured with EBM2（○）or various concentrations of IL-

8（□）. Results are expressed as the mean±SD of three differ-

ent experiments.
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and MDM in a dose dependent manner（Fig. 5B）.

Quantitative analysis of u-PA in culture supernatant

from macrolide-treated A549 cells and HUVEC

At concentrations of 0.1-1.0µg�ml, the macrolides in-

hibited the u-PA secretion by both A549 cells and HU-

VEC, but at 10µg�ml, they acted to promote u-PA secre-

tion in both cell types（Fig. 6A, 6B）. The concentration of

u-PA in A549 control was 24 ng�ml and that in the HU-

VEC control was 1.8 ng�ml.

Discussion

Macrolides have been shown to inhibit tumor growth in

animal models. Hamada et al. reported that erythromycin

activated natural killer cells in tumor-bearing mice , but

not in normal mice6）. In the present study, we not only

show that culture supernatant from A549 cells promotes

the three major steps in angiogenesis, but also that cul-

ture supernatant from macrolide-treated A549 cells, espe-

cially those that were CAM-treated, inhibited these steps.

The inhibitory effect of macrolides on angiogenesis was

indirect, since the macrolide-treated A549 culture super-

natant, but not macrolides by themselves, inhibited HU-

VEC angiogenesis. These results indicate that the anti-

angiogenic effect of macrolides is mediated via tumor

cells.

Previous studies on the antiangiogenic or immuno-

modulatory effects of macrolides have only examined 14-

membered ring macrolides6）. Herein, we also examine the

effect of a 16-membered ring macrolide, MDM, on angio-

genesis. While we observed the indirect inhibition of mi-

Fig. 5. Quantitative analysis of VEGF and IL-8 in macrolide-

treated A549 cell supernatant.（A）Quantitative analy-

sis of VEGF. A549 cells were cultured with D-MEM

supplemented with 10％ FBS（○）, various concentra-

tions of CAM（□）or various concentrations of MDM

（△）.（B）Quantitative analysis of IL-8. A549 cells

were cultured with D-MEM（○）, various concentra-

tions of CAM（□）or various concentrations of MDM

（△）.

Fig. 6. Quantitative analysis of u-PA in macrolide-treated A

549 and HUVEC supernatant.（A）A549 cells were cul-

tured with D-MEM（○）, various concentrations of

CAM（□）or various concentrations of MDM（△）.（B）

HUVEC were cultured with EBM2（○）, various con-

centrations of CAM（□）or various concentrations of

MDM（△）.
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gration , tube formation and proliferation of HUVEC by

CAM, MDM only caused inhibition of HUVEC migration at

a concentration of 0.1µg�ml. As angiogenesis is a multi-

step process in vivo, inhibiting only one step can block it.

It would therefore be interesting to examine the in vivo

effects of MDM on angiogenesis.

Since basic FGF, VEGF and IL-8 are shown to promote

angiogenesis14）～17）, concentrations of these factors in A549

culture supernatant and the effect of macrolides on the

production of these factors by A549 cells were examined.

The concentration of basic FGF was found to be below the

assay sensitivity limit of 5 pg�ml, and this is unlikely to

significantly promote angiogenesis. However, A549 cells

produce both VEGF and IL-8, which were found to be pre-

sent in the ng�ml range. These results suggest that VEGF

and IL-8 in the culture supernatant from A549 cells may

have promoted the angiogenesis of HUVEC. However, this

possibility could be ruled out based on the following evi-

dence : 1）CAM and MDM both inhibited the production of

VEGF and IL-8 by A549 cells, whereas MDM did not affect

proliferation or tube formation of HUVEC, and 2）CAM and

MDM both inhibited the production of IL-8 by A549 cells,

whereas IL-8 did not promote tube formation of HUVEC.

These results suggest that A549 cells produce other angi-

ogenic factors , the production of which is inhibited by

CAM treatment, but not by MDM-treatment. Furthermore,

a number of factors that inhibit the proliferation of endo-

thelial cells have been described, including IL-118）, platelet

factor-419）, growth-related oncogene20）, a 16-kDa prolactin

fragment21）, the tissue inhibitor of metalloproteinase-222）

and angiostatin23）. It would be of interest to determine

whether macrolide-treated A 549 cells produce any of

these factors.

IL-8 is known as a strong angiogenic factor in

vivo
14）15）．Koch et al.24）reported that IL-8 promoted both

migration and proliferation of HUVEC. Alternatively, Pet-

zelbauer et al.25）found that HUVEC lacked the IL-8 recep-

tor and did not respond to IL-8 in vitro . We also found

that IL-8 was not associated with any of the steps involved

in angiogenesis. The effects of this cytokine on angiogene-

sis may therefore be mediated via some unknown immune

cell, rather than be exerted directly on endothelial cells.

It is also known that u-PA promotes migration of endo-

thelial cells26）. Kobayashi et al.27）reported that an antibody

against u-PA suppressed tumor cell invasion in vitro as

well as the formation of lung metastasis following subcuta-

neous tumor cell inoculation, but not following intrave-

nous inoculation. The culture supernatant from A549 cells

treated with 0.1µg�ml of each macrolide inhibited migra-

tion of HUVEC, whereas A549 culture supernatant treated

with 10µg�ml of CAM promoted this migration slightly.

These effects are correlated with those of macrolides on

u-PA production by A549（Fig. 1A, 6A）, suggesting that

the effect of macrolides on HUVEC migration may be me-

diated via the effect of macrolides on the production of u-

PA by A549 cells. However, further studies are necessary

to clarify this point.

In conclusion , we have clearly shown that neither

macrolide affect the three major steps of angiogenesis di-

rectly, that CAM, a 14-membered ring macrolide, may re-

duce proliferation and tube formation of HUVEC via an ef-

fect on carcinoma cells, and that 0.1µg�ml of CAM and

MDM, may reduce HUVEC migration via their effect on A

549 cells. To clarify the anti-angiogenic effects of macrol-

ides, further studies of the effects of macrolides on the

production of angiogenic and anti-angiogenic factors by A

549 cells are needed.
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Footnotes

The abbreviations used are : HUVEC, human umbilical

vein endothelial cell ; CAM, clarithromycin ; MDM, mide-

camycin ; u-PA, urokinase plasminogen activator ; IL, in-

terleukin ; VEGF , vascular endothelial growth factor ;

FGF, fibroblast growth factor ; D-MEM, Dulbecco’s modi-

fied Eagle medium ; PBS, phosphate buffered saline ; FBS,

fetal bovine serum.
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