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Abstract
Our previous study showed that an anti-CD146 monoclo-
nal antibody (mAb), AA98, which was raised against the
vascular endothelial cells stimulated by a conditioned
medium from hepatocarcinoma SMMC 7721 cells (SMMC
7721-CM), inhibited cell migration, angiogenesis, and
tumor growth. However, the underlying mechanism was
not elucidated. The objective of this study was to
understand the mechanism by which mAb AA98 inhibits
the endothelial cell migration and angiogenesis that is
induced by SMMC 7721-CM. Using confocal imaging and
biochemical studies, we found that SMMC 7721-CM
induced nuclear factor KB (NF-KB) activation through the
upstream p38 mitogen-activated protein kinase pathway,
leading to the up-regulation of matrix metalloproteinase 9
and intercellular adhesion molecule 1 expression. Interest-
ingly, all these activities stimulated by SMMC 7721-CM
could be effectively inhibited by mAb AA98 in a dose- and
time-dependent manner. Our data showed that the
engagement of mAb AA98 with membrane protein
CD146 inhibited p38 mitogen-activated protein kinase
phosphorylation, suppressed NF-KB activation, and down-
regulated matrix metalloproteinase 9 and intercellular
adhesion molecule 1 expression, suggesting that the
suppression of NF-KB is a critical point for the inhibitory
function of mAb AA98 on endothelial cell migration,
angiogenesis, and tumor metastasis. These results will
provide clues for a better understanding of the mecha-
nisms underlying tumor angiogenesis as well as antiangio-
genesis therapy. [Mol Cancer Ther 2006;5(11):2872–8]

Introduction
Cancer metastasis is a complex multistep process involving
tumor cell proliferation, migration, invasion, and angio-
genesis. An important early event in the development of
metastasis is angiogenesis. Most tumor cells secrete a
variety of cytokines and proangiogenic molecules, such as
fibroblast growth factors, vascular endothelial growth
factors (1), IL-8 (2), and extracellular matrix proteinases
(3), which promote angiogenesis and metastasis. Although
the mechanisms for these factors regulating cell metastasis
and angiogenesis are largely undefined, many studies have
shown that the pleiotropic transcription factor nuclear
factor nB (NF-nB) can be activated by the cytokines from
tumors and that NF-nB plays an important role in the
control of tumor metastasis, angiogenesis, and hence,
oncogenesis (4).

NF-nB is an inducible transcription factor that belongs to
the Rel/NF-nB family. NF-nB has two forms, homodimers
and heterodimers, and the heterodimer (p50/p65) is a
major NF-nB complex in most cells. These complexes are
typically retained in the cytoplasm by inhibitory InB
proteins. Upon stimulation, InB is rapidly phosphorylated
and degraded, permitting NF-nB activation and nuclear
translocation. NF-nB activation up-regulates many gene
expressions, such as proangiogenic factors and matrix
metalloproteinases (MMP) and intercellular adhesion mol-
ecule 1 (ICAM-1). MMPs are a family of zinc-dependent
endopeptidases (5). Among the MMP family members,
MMP-2 and MMP-9 have shown key roles in tumor cell
invasion, metastasis, and angiogenesis by degradation of
extracellular matrix.

It is well known that cell adhesion molecules such as
ICAM-1 could mediate tumor cell migration, angiogenesis,
and metastasis (6). CD146, also named MUC18, Mel-CAM,
or MCAM, is a newly recognized cell adhesion molecule
belonging to the immunoglobulin superfamily (7–9). It was
initially identified as a progression marker of melanoma,
and plays an important role in promoting melanoma
progression and metastasis (7). A fully humanized anti-
body against CD146, ABX-MA1, has been reported as an
inhibitor to block the metastasis of human melanoma and
disrupt blood vessel formation in vitro (10). CD146
expression can be modulated within the tumor microenvi-
ronment. A recent study reported that CD146 expression
varied in circulating endothelial cells with increased or
different tumor burdens (11). Our study has also shown
that CD146 is an inducible molecule on the stimulated
endothelial cells using conditioned medium from hepato-
carcinoma SMMC 7721, named SMMC 7721-CM. We used
SMMC 7721-CM–stimulated endothelial cells as an antigen
to immunize mice, and generated monoclonal antibody
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(mAb) AA98, which specifically targets the CD146 mole-
cule. Our animal studies showed that mAb AA98 inhibited
angiogenesis and human tumor growth in xenografted
mice (12). However, the underlying mechanism was not
elucidated.

In this study, we attempt to clarify the mechanism
through which mAb AA98 inhibits endothelial cell
migration and angiogenesis, which are induced by SMMC
7721-CM. Using imaging and biochemical studies, we
found that the engagement of mAb AA98 with membrane
protein CD146 could inhibit p38 mitogen-activated protein
kinase (MAPK) phosphorylation, suppress NF-nB activa-
tion, and down-regulate MMP-9 as well as ICAM-1
expression, suggesting that the suppression of NF-nB is
a critical point for the inhibitory function of mAb AA98
on endothelial cell migration, angiogenesis, and tumor
metastasis.

Materials andMethods
Cell Lines and Culture Conditions
The hepatocarcinoma SMMC 7721 cell line was obtained

from American Type Culture Collection (Rockville, MD).
Primary human umbilical vein endothelial cells (HUVEC)
were prepared from human umbilical cords as previously
described (13). All the cells were cultured in DMEM
containing 10% FCS.

Treatment of HUVECswith Stimulator or Inhibitor
The primary HUVECs were stimulated by SMMC 7721-

CM for 24 hours in culture. Then, the stimulated cells were
treated with inhibitors, either mAb AA98 in different
concentrations for different times, or p38 MAPK inhibitor,
SB203580 (10 mmol/L) for 30 minutes. Isotype-matched
mIgG was used as a control.

Preparation of Cell Lysates
For the analysis of NF-nB or InB, cytoplasmic and nuclear

extracts were prepared. Briefly, the treated cells were
washed twice and scraped into 1.0 mL of ice-cold PBS.
After centrifugation at 3,000 � g at 4jC for 5 minutes, the
cell pellet was lysed in 60 AL of lysis buffer A [10 mmol/L
Tris (pH 8.0), 1.5 mmol/L MgCl2, 1 mmol/L 1,4-DTT,
0.1% NP40, 1 mmol/L phenylmethylsulfonyl fluoride, and
25 Ag/mL aprotinin] and then incubated on ice for
15 minutes followed by centrifugation at 12,000 � g at
4jC for 15 minutes. The supernatants (cytoplasmic fraction)
were saved in a tube and the pellets containing nuclei were
suspended in 60 AL of buffer B [10 mmol/L Tris (pH 8.0),
50 mmol/L KCl, 100 mmol/L NaCl, 1 mmol/L phenyl-
methylsulfonyl fluoride, and 25 Ag/mL aprotinin] at 4jC
for 30 minutes. After centrifugation at 12,000 � g at 4jC for
15 minutes, the supernatants were saved as nuclear
extracts.

In order to analyze the phosphorylation of extracellular
signal–regulated kinase (ERK), p38 MAPK and ICAM-1,
the treated cells were lysed in lysis buffer C [150 mmol/L
NaCl, 1 mmol/L EDTA, 50 mmol/L Tris (pH 8.0), 1%
Triton X-100, 1 mmol/L phenylmethylsulfonyl fluoride,
25 Ag/mL aprotinin, 1 mmol/L sodium vanadate, and

50 mmol/L sodium fluoride] for 20 minutes on ice. Ly-
sates were centrifuged at 10,000 � g at 4jC for 5 minutes
and the supernatants were collected for Western blot
assay.

Western Blot
Samples (26 Ag from the cytoplasmic fraction and 19 Ag

from the nuclear extracts) were first separated by 10%
SDS-PAGE and then transferred to a Hybond membrane
(Amersham, Piscataway, NJ). The membranes were blocked
with 5% milk in PBS for 1 hour, incubated for 2 hours with
primary antibodies, either anti-NF-nB (p65), anti-InBa, anti-
h-actin, or anti-phosphorylated p38, anti-phosphorylated
ERK1/2, and anti-ICAM-1 (Santa Cruz Biotechnology, Santa
Cruz, CA), and then probed for 1 hour with secondary
horseradish peroxidase–conjugated anti-mouse or anti-
rabbit IgG (Pierce, Rockford, IL). After extensive washing
with PBST, the target proteins were detected on the
membranes by enhanced chemiluminescence (Pierce).

Confocal Microscopy
HUVECs were plated on coverslips and cultured in a

six-well plate. After stimulation for 24 hours with SMMC
7721-CM, followed by treatment with 50 Ag/mL of either
mAb AA98 or control mIgG for 1 hour, the cells were
washed with PBS, fixed in 3% cold formaldehyde in PBS for
4 minutes, and then permeabilized with 0.2% Triton X-100.
After washing with PBS, the cells were blocked in 5%
normal goat serum for 30 minutes, and then incubated with
anti-NF-nB (p65 or p50) antibody (Santa Cruz Biotechnol-
ogy) overnight at 4jC, followed by incubation with FITC-
conjugated anti-mouse IgG (The Jackson Laboratory, Bar
Harbor, ME) and Cy3-conjugated anti-rabbit IgG (Sigma,
St. Louis, MO) for 1 hour at room temperature. Finally, the
coverslips were examined with a confocal laser scanning
microscope (Olympus, Tokyo, Japan).

Zymography
The activities of MMP-2 and MMP-9 were determined

using substrate-impregnated gels (14) with minor mod-
ifications. HUVECs were plated in a 24-well plate,
stimulated using SMMC 7721-CM for 24 hours, and then
treated with 50 Ag/mL of mAb AA98 or control mIgG for
24 hours. After each treatment above, the culture medium
was removed and replaced with serum-free medium for
continuous culture overnight. The culture supernatants
were collected and an equal amount of protein (0.92 Ag)
was analyzed using a gelatin-impregnated (1 mg/mL)
10% SDS-PAGE, followed by 30 minutes of shaking in
2.5% Triton X-100 in 50 mmol/L of Tris (pH 7.6) twice.
The gels were then incubated for 18 hours at 37jC in
50 mmol/L Tris, 0.2 mol/L NaC1, 5 mmol/L CaC12, and
1% Triton X-100 (pH 7.6). Finally, the gels were stained
with 0.5% Coomassie blue G 250 (Bio-Rad, Richmond, CA)
in methanol/acetic acid/H2O. The gelatinolysis in the gels
was visualized as transparent bands.

RNA IsolationandReverseTranscription-PCRAnalysis
HUVECs were first stimulated for 24 hours with SMMC

7721-CM, and then treated with 50 Ag/mL of either mAb
AA98 or control mIgG for 24 hours. Total RNA was isolated
using Trizol reagent (Invitrogen, San Diego, CA) from the
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treated cells. Aliquots of 1 Ag of total RNA were used
for the first-strand cDNA synthesis in 20 AL of the reaction
volume using 100 units of Superscript II reverse tran-
scriptase (Invitrogen). The primers used for human
MMP-9 amplification were: 5¶-GAGACCGGTGAGCTGGA-
TAG-3¶ (sense) and 5¶-GTACACGCGAGTGAAGGTGA-3¶
(antisense). The primers used for ICAM-1 were: 5¶-CGT-
GCCGCACTGAACTGGAC-3¶ (sense) and 5¶-CCTCA-
CACTTCACTGTCACCT-3¶ (antisense). The primers used
for glyceraldehyde-3-phosphate dehydrogenase were: 5¶-
CGGAGTCAACGGATTTGGTCGTAT-3¶ (sense) and 5¶-
AGCCTTCTCCATGGTGGTGAAGAC-3¶ (antisense). PCR
amplifications were run for 30 cycles at 94jC for 30
seconds, 55jC for 30 seconds, 72jC for 1 minute, and
72jC for 7 minutes; then held at 4jC. PCR products were
analyzed using electrophoresis in 1% agarose gels followed
by staining with ethidium bromide.

Results
SMMC 7721-CMActivated NF-KB in HUVECs
In our previous study, we found that SMMC 7721-CM

promoted the proliferation and migration of vascular
endothelial cells, and that mAb AA98 inhibited all these
activities. Given the fact that many tumor cells secrete a
variety of proangiogenic molecules, which promote angio-
genesis and metastasis through NF-nB activation, we
hypothesize that the activation of endothelial cells stimu-
lated by SMMC 7721-CM is due to NF-nB activation. To test
this hypothesis, we first analyzed NF-nB and InBa
activation in HUVECs before and after treatment with
SMMC 7721-CM. Western blot assays show significantly
increased levels of NF-nB (p65) in the nucleic fraction after
the cells were treated with SMMC 7721-CM. Conversely,
InBa levels in the cytosol fraction dramatically decreased,
as compared with the fractions of HUVECs cultured in
normal DMEM (Fig. 1A).

To confirm these results, we used a confocal light
microscope to directly observe the nuclear translocation of
NF-nB in the stimulated cells. The confocal images
showed that little or no NF-nB was observed in nuclei
when the cells were cultured in normal DMEM. However,
after stimulation with SMMC 7721-CM, NF-nB (p65 and
p50) was activated and translocated into the nuclei,
resulting in a concentration of FITC-labeled NF-nB (p65)
and Cy3-labeled NF-nB (p50) presented in the nuclei
(Fig. 1B). These results strongly indicate that InBa
degradation and NF-nB nuclear translocation are induced
by SMMC 7721-CM.

mAb AA98 Inhibits NF-KB Activation Induced by
SMMC 7721-CM

Interestingly, we found that the NF-nB (p50 and p65)
nuclear translocation induced by SMMC 7721-CM was
efficiently inhibited by mAb AA98, which has been
identified as an inhibitor of angiogenesis (12), whereas an
isotype-matched mIgG has no effect (Fig. 2A). Moreover,
the inhibitory effect of AA98 on NF-nB activation was
found to be both dose- and time-dependent. A decreasing

level of NF-nB (p65) was detected in the nuclear fraction
both after the cells were treated with an increasing amount
of mAb AA98 (0, 10, 30, or 50 Ag/mL) and also with
increasing time (0, 30, 60, or 90 minutes). In contrast, InBa
in the cytosol fraction was increased in the same mAb
AA98–treated cells (Fig. 2B and C). However, the control
mIgG did not show any effect on either NF-nB or InBa
activation, even at the highest concentration (50 Ag/mL)
and longest time (90 minutes). These results show that
SMMC 7721-CM–induced NF-nB activation and nuclear
translocation was specifically abolished by mAb AA98.

mAb AA98 Did Not Inhibit NF-KBActivation Induced
by Interleukin1BorTumor Necrosis Factor A

In order to find which factor in SMMC 7721-CM is a
major contributor to activating NF-nB through the

Figure 1. SMMC 7721-CM induces NF-nB nuclear translocation and
InBa degradation in HUVECs. A, i, Western blot shows the changes of
NF-nB p65 in the nuclear fraction and InBa in the cytosol fraction after
HUVECs were cultured with SMMC 7721-CM (CM ) or normal medium
(DMEM ). h-Actin was used as an internal control for InBa in cytosol. ii,
quantification of the amount of InBa in the bands on Western blot using
Quantity One software (Bio-Rad). B, confocal imaging of the translocation
of NF-nB (p65 and p50 ) into the nuclei after HUVECs were treated with
CM and DMEM.
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CD146-induced signal pathway, we used interleukin 1h
(IL-1h) or tumor necrosis factor a (TNF-a) to treat
HUVECs for 30 minutes, and then added mAb AA98
in the culture for another 1 hour. The results showed that
both factors, IL-1h and TNF-a, induced InBa degradation
and NF-nB nuclear translocation. However, this activation
was not inhibited by mAb AA98 (Fig. 3A and B),
indicating that the unidentified NF-nB inducer may
trigger a pathway which is different from IL-1h and
TNF-a.

mAbAA98 Inhibits NF-KBActivation via the Suppres-
sion of p38MAPK

It has been reported that NF-nB can be activated by
multiple factors through the MAPK pathway, which plays
an important role in transducing extracellular signals into
cellular responses. Two members of the MAPK family, ERK
and p38 MAPK, are involved in the activation of NF-nB
(15–17). We next investigated whether the SMMC 7721-
CM–induced NF-nB activation was via the ERK and/or
p38 MAPK pathway, and whether this activation was
inhibited by mAb AA98 or SB203580, a specific inhibitor of
p38 MAPK. To address this issue, HUVECs were first
stimulated with SMMC 7721-CM and then treated with
either mAb AA98 or SB203580. Western blot analysis
showed the phosphorylation of ERK and p38 MAPK in
the treated cells. The results indicated that SMMC 7721-CM
specifically induced p38 MAPK phosphorylation, but not
ERK, and this activated p38 MAPK could be selectively
inhibited by mAb AA98 (Fig. 4A and B). Moreover, we
found that InBa was remarkably reduced and NF-nB (p65)
was obviously increased after the cells treated with SMMC
7721-CM, and the p38 inhibitor, SB203580, could inhibit
InBa degradation and NF-nB nuclear translocation in the
treated cells (Fig. 4C). These observations indicate that the
p38 MAPK was an upstream pathway of the NF-nB
activation induced by SMMC 7721-CM in the stimulated
HUVECs, and that mAb AA98 inhibited NF-nB activation
via the suppression of the p38 MAPK but not the ERK
pathway in HUVECs.

mAb AA98 Inhibits MMP-9 Activity and Expression
Enhanced by SMMC 7721-CM

It is known that MMP-2 and MMP-9 play a key role in
tumor cell invasion, metastasis, and angiogenesis by

promoting extracellular matrix degradation. NF-nB activ-
ity has also been associated with the regulation of MMP-9.
To determine whether the SMMC 7721-CM–induced
NF-nB activation results in the up-regulation of MMP-9
and MMP-2, we did a gelatin zymography assay to
analyze the activity of MMP-9 and MMP-2 in the
HUVECs treated with SMMC 7721-CM. As shown in
Fig. 5A, the activity of MMP-9, but not MMP-2, was
enhanced in the HUVECs after stimulation with SMMC

Figure 2. mAb AA98 inhibiting NF-nB activity and InBa degradation in
the HUVECs. A, confocal imaging shows that mAb AA98, but not control
mIgG, inhibited NF-nB (p65 and p50 ) nuclear translocation in HUVECs
which had been stimulated by SMMC 7721-CM. The HUVECs were first
stimulated with SMMC 7721-CM for 24 h, and then treated with either
50 Ag/mL of mAb AA98 or the same amount of mIgG for 1 h. The treated
cells were fixed on a coverslip, stained with either anti-p65 or anti-p50
antibody, followed by FITC-conjugated or Cy3-conjugated second anti-
body, and then observed under a confocal microscope. Western blot
shows that mAb AA98 suppressed NF-nB (p65) nuclear translocation and
InBa degradation in a dose-dependent (B), and in a time-dependent (C)
manner. Conversely, the control mIgG did not show any effect on NF-nB
(p65) and InBa activity even at the highest concentration (50 Ag/mL) and
longer time (90 min). The membranes were blotted using anti-p65, anti-
InBa, and anti-h-actin antibodies, respectively. h-Actin was used here as
an internal control for InBa in cytosol.
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7721-CM, compared with the HUVECs grown in normal
DMEM. This increased MMP-9 activity was specifically
inhibited by mAb AA98, but was not affected by control
mIgG.

To further investigate whether the enhanced MMP-9
activity was due to its up-regulation at the gene transcrip-
tional level, we did a reverse transcription-PCR to analyze
the mRNA expression of MMP-9 in the HUVECs with or
without the treatment of SMMC 7721-CM. In this experi-
ment, glyceraldehyde-3-phosphate dehydrogenase was
used as a control gene. The results indicated that SMMC
7721-CM significantly up-regulated MMP-9 gene expres-
sion, and this up-regulated MMP-9 was selectively reduced
by mAb AA98 (Fig. 5B). These findings indicate that the
expression and activity of MMP-9 were up-regulated by
SMMC 7721-CM and were down-regulated by mAb AA98.

mAb AA98 Inhibits ICAM-1Expression Enhanced by
SMMC 7721-CM

NF-nB activity has been associated with the regulation of
ICAM-1. To determine whether the SMMC 7721-CM–
induced NF-nB activation results in the up-regulation of
ICAM-1, we tested the expression of ICAM-1 in the

transcription and protein levels after HUVECs were
stimulated with SMMC 7721-CM for 24 hours, and
followed by treatment with mAb AA98 for another 24
hours. The results from both Western blot and reverse
transcription-PCR showed that SMMC 7721-CM up-regu-
lated the expression of ICAM-1, and that this activation was
inhibited by mAb AA98. In contrast, the isotype-matched
mIgG did not show any effect on the expression of ICAM-1
in either level (Fig. 6A and B).

Discussion
Our previous study showed that SMMC 7721-CM induced
CD146 expression on HUVECs, and promoted HUVEC
proliferation and migration. All the SMMC 7721-CM–
induced activations of HUVECs could be suppressed by the

Figure 3. mAb AA98 did not affect NF-nB and InBa activity induced by
IL-1h and TNF-a. HUVECs were treated with either IL-1h (10 ng/mL) or
TNF-a (10 ng/mL) for 30 min, followed by the addition of mAb AA98
(50 Ag/mL) for 1 h. Western blotting was done to detect NF-nB (p65) in the
nuclei and InBa in the cytosol. Both factors induced NF-nB activation,
although this activation was not inhibited by mAb AA98.

Figure 4. p38 MAPK phosphorylation induced by SMMC 7721-CM and
inhibited by mAb AA98 in HUVECs. HUVECs were first cultured with
either SMMC 7721-CM or normal DMEM for 24 h, and then treated with
inhibitors (50 Ag/mL mAb AA98 or 50 Ag/mL mIgG as control or p38
MAPK inhibitor SB203580) for 1 h. The cell lysates were blotted using
anti-p-p38, anti-p-ERK1/2, anti-h-actin, and anti-NF-nB (p65) in the nuclei
and anti-InBa in the cytosol. h-Actin was used as an internal control for the
cytosol fraction. A, SMMC 7721-CM specifically induced the phosphor-
ylation of p38 MAPK, and this p38 MAPK activity could be inhibited by
mAb AA98, but not by control mIgG. B, ERK MAPK was not affected by
SMMC 7721-CM, control mIgG, and mAb AA98. C, SMMC 7721-CM
promoted NF-nB (p65) translocation into the nuclei and InBa degradation in
the cytosol. This NF-nB activity could be blocked by SB203580,
suggesting that NF-nB activation and InBa degradation either stimulated
by SMMC 7721-CM or inhibited by mAb AA98 are mediated by the
upstream pathway of p38 MAPK.

mAb AA98 Inhibits NF-kB Activation in HUVECs2876
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anti-CD146 mAb AA98 (12), such as the cell migration
shown in Fig. 7. However, the mechanism behind this has
not been elucidated. In this study, we show that the NF-nB
activation induced by SMMC 7721-CM plays an important
role in the activity of MMP-9, expression of ICAM-1,
endothelial cell migration, and angiogenesis.

We confirmed this finding by demonstrating that (a)
SMMC 7721-CM induced InBa degradation in the cytosol
and NF-nB translocation into the nuclei, as determined by
confocal imaging and biochemical studies; (b) SMMC 7721-
CM selectively induced the phosphorylation of p38 MAPK
rather than ERK. Moreover, we found that a specific p38
MAPK inhibitor, SB203580, suppressed the InBa degrada-
tion and NF-nB translocation which was induced by SMMC
7721-CM. These data support the finding that SMMC 7721-
CM–induced NF-nB activation is through the upstream
pathway of p38 MAPK; (c) SMMC 7721-CM specifically
enhanced both mRNA expression and enzyme activity of
MMP-9, but did not affect MMP-2, in the same stimulated
HUVECs. These results are consistent with the finding that
platelet-activating factor induced angiogenesis through
MMP-9 but not through MMP-2 activity (18); (d) the
expression of ICAM-1 was enhanced by SMMC 7721-CM
and suppressed by mAb AA98 in both mRNA and protein
levels; (e) mAb AA98 inhibited endothelial cell migration
promoted by SMMC 7721-CM (Fig. 7). All these data
support the findings that SMMC 7721-CM promoted endo-
thelial cell migration through its up-regulation of p38
MAPK, NF-nB activation, and overexpression of ICAM-1
and MMP-9 activity.

Another important objective in this study was to clarify
the molecular mechanism of the inhibitory functions of
mAb AA98 on endothelial cell activation, including mig-
ration and angiogenesis (12). Many reports have suggested
that the activity of MMP-9 and ICAM-1 are directly asso-
ciated with cellular migration, invasion, metastasis, and
angiogenesis (19, 20). Because MMP-9 and ICAM-1 are both
target genes of NF-nB, the inhibition of NF-nB activation
could result in the down-regulation of MMP-9 and ICAM-1
expression, which suppressed angiogenesis and tumor

metastasis (18). Our data presents further evidence of
NF-nB activation promoting MMP-9 and ICAM-1 expression.
In this study, we found that mAb AA98 down-regulated all
the activities which had been stimulated by SSMC 7721-CM,
including NF-nB activation, p38 MAPK phosphorylation,
and overexpression of MMP-9 and ICAM-1. Based on these
findings, we speculate that the engagement of mAb AA98
with the cell membrane produces CD146 conformational
changes, which inhibit p38 MAPK phosphorylation, leading
to the suppression of NF-nB, down-regulation of MMP-9
and ICAM-1, and finally, reducing cell migration and
angiogenesis, and tumor metastasis. Although at the
moment, we are not able to show the relationship between
membrane protein CD146 and the p38 MAPK pathway,
several lines of evidence imply that CD146 is involved in
signaling. For example, CD146 possesses potential recogni-
tion sites for protein kinases in its cytoplasmic tail (9). In
addition, endothelial CD146 cross-linked by anti-CD146
antibody induced the recruitment of p59fyn kinase to CD146
and increased the phosphorylation levels of p125FAK (21).
It will be of interest to study the role of CD146 on NF-nB
activation and associated signaling pathway.

As far as we know, SMMC 7721-CM contains a number of
angiogenic factors and cytokines (12), and NF-nB can be
activated by many stimuli, including IL-1h (22) and TNF-a
(23, 24). To identify which factor in SMMC 7721-CM is a
major contributor in activating NF-nB through the CD146-
induced signal pathway, we tested the effects of IL-1h and
TNF-a. The results showed that both factors, IL-1h and
TNF-a, induced InBa degradation and NF-nB nuclear
translocation. However, this activation was not inhibited
by mAb AA98. This data indicates that neither IL-1h nor
TNF-a is the NF-nB inducer which triggers a signaling
pathway related to CD146 and mAb AA98. It is of great
interest to identify this factor.

Figure 5. MMP-9 activated by SMMC 7721-CM and inhibited by mAb
AA98 in HUVECs. A, zymogram shows that the activity of MMP-9 in
HUVECs increased after the cells were cultured with SMMC 7721-CM for
24 h. This increase in MMP-9 activity could be effectively blocked by
treatment with 50 Ag/mL of mAb AA98 for 24 h. However, neither SMMC
7721 nor mAb AA98 showed any effect on MMP-2 activity in the treated
cells. B, reverse transcription-PCR analysis of MMP-9 expression was up-
regulated by SMMC 7721-CM, and inhibited by mAb AA98 in HUVECs.
The glyceraldehyde-3-phosphate dehydrogenase (GAPDH ) gene was used
as an internal control.

Figure 6. Expression of ICAM-1 enhanced by SMMC 7721-CM and
inhibited by mAb AA98 in HUVECs. HUVECs were cultured with SMMC
7721-CM for 24 h, followed by treatment with 50 Ag/mL of mAb AA98 for
24 h. The expressions of ICAM-1 were up-regulated by SMMC 7721-CM
and suppressed by mAb AA98 in reverse transcription-PCR (A) and
Western blots (B). h-Actin and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH ) were used as internal controls.
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With increasing studies of CD146, we realize that various
results come from different laboratories using different
anti-CD146 antibodies. For instance, in this report, we
found that mAb AA98 inhibited NF-nB activation by
blocking the nuclear translocation of p50 and p65. Whereas
Solovey et al. reported that P1H12, another anti-CD146
antibody, altered the distribution of NF-nB (p50) but not
NF-nB (p65) in HMECs (25). Also, the F(ab¶)2 fragment of
S-Endo-1 has been reported to recruit fyn in HUVECs via
cross-linking CD146 (21). Although we found that mAb
AA98 could not recruit fyn, but induces an unknown
protein phosphorylated in HUVECs, and the level of
phosphorylation seemed to be suppressed in a dose-
dependent manner (data not shown). Moreover, ABX-
MA1, a fully humanized antibody against CD146,
decreased MMP-2 activity and down-regulated the activity
of its promoter (10). However, we found that mAb AA98
inhibited the expression and activity of MMP-9 but not
MMP-2. A possibility for these contrasting observations is
that they may have resulted from different epitopes of the
antibodies. The fact that mAb AA98 does not bind its target
CD146 in reducing conditions and in paraffin sections,
shows its unique character, which is different from other
anti-CD146 antibodies.

In summary, this study shows that SMMC 7721-CM–
induced NF-nB activation is a critical event in the upstream
pathway leading to the induction of MMP-9 and ICAM-1
expression, and furthermore, in endothelial cell migration.
In turn, the suppression of NF-nB by mAb AA98 is crucial
to its antiangiogenetic effect. These data will provide clues
for a better understanding of the mechanisms underlying
tumor angiogenesis as well as in antiangiogenesis therapy.
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Figure 7. Boyden chamber assay for the inhibitory function of mAb
AA98 on endothelial cell migration. HUVECs were added to the upper
chamber of transwells in the presence of AA98 or control mIgG at the
same amount (50 Ag/mL) cultured for 24 h. The migrated cells were
stained with Giemsa and counted.
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