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Oxidized low-density lipoproteins stimulate adhesion

of monocytes to endothelial cells'
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AIM: To study the effects of oxidized low-density
lipoproteins { ox-LDL. ) on the adhesiveness of
monocytes to endothelial eells. METHODS: LDL
was obtained from healthy human plasma by
ultracentrifugation, and oxidized by CuSO, 10 pmol
+L"'. The assay of adhesion was performed using
cultured bovine aortic endothelial cells (BAEC) and
humen peripheral blood monocytes. RESULTS:
Pretreatment BAEC with ox-LDL enhanced
monocyte adhesion to BAEC in time- and dose-
dependent manner. ox-LDL as little as 10 mg-L ™"
and 30 min of preincubation stimulated monocyte
adhesion. Cycloheximide (Cyc, a protein synthesis
inhibitor) 1 mg-+L ! and staurosporine {Sta, a PKC
inhibitor) 20 nmol*L ™! abolished the effect of ox-
LDL (60 mg*L '), but dextran sulfate 20 mg-L !
had no effect on monocyte adhesion. Phorbol 12-
myristate 13-acetate (PMA) 1 nmol + L™ and
lysophosphatidylcholine (Lys) 6 pmol+L ™! mimick-
ed the effects of ox-LDL and potentiated monocyte
adhesion. Sta also suppressed the augmentative
effects of Lys and PMA. CONCLUSION: ox-LDL
enhances the adhesion of monocytes to BAEC
through the activation of PKC.

Among the earliest events in atherogenesis is
the binding of menoeytes to the enduthelium and
therr entry into the wvessel wall, where they
This process is an

mmportant initiating mechanism in atheragenesis'!.

differentiate into macrophages.

[nereased adhesion of monocytes to endotheliom was
nbserved in those areas that lesions first develop 1n
hypercholesterolemic animals®’.  But the under-

lving mechanism remains unclear.
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Oxidized low-density lipoproteins { ox-LDL)
was identified in atherosclerotic lesions™. It is
expected thar ox-LDL may play a role in the altered
interactions between monocytes and endothelium in
the atherosclerotic arteries,  The purposes of
present study were to examine whether adhesiveness

of meonocytes to endothelium may be enhanced by

treating  endothelium with ox-LDL, and to
determine the mechanisms by which ox-LDL
may affect the endothelial  susceptibility to

IMonacytes.

MATERIALS AND METHOQODS

Cell calture  Bowine aortic endothelial cells { BAEC)
were harvested and cultured 1n M19¢ medium with 10 %
hearinactivated fetal bovine serum, All cultures showed
typical morphology'?!.  The endothelial cells was idenaified
by electron microscopy.  Experiments were performed with
cells from passage 4 10 10.

Isclation of monocytes The leukocyte-tich buffy coats
was obtained by cemrifugarion ol blood taken with citrate as
anticoagulant and incubated in a slightly hyperwonic solucion at
37 C fur 30 min, during which the lympbocytes became
more dense, whereas 1he monocytes were comparadvely
resistant o hyperionic condition. The monocytes were
separated [rom lymphocvies using Ficoll-Hypaque'™ . The
isolated populations were rounnely >85 % pure by Wright-
Giemisa stain. This method bas the advantages of being rapid
and not mvolving adherence ol monocytes, which may cause
activation.

Preparation of LDL  LDL was isolated [rom [resh
nurmal buman plasma by uliracentrilugation a1 119 000 < g in
the presence of edetic acid 1.2 mmal+1. 7 Then 1L was

hiltered (0.2 mm) asepuvally into dialysis tube and dialyzed in

phosphare-bufller solution {PI38) at 4 C fir 36 b Dialyzed
LDL was concentrated amd stored at 4 T in Jark  LDL thus
prepared was referred 1o as nauve LDL {n-LDLY™ . Before

wxidation, n-LDL was dialyzed against PBS to remuove edetic
acl,  Then it was oxidized by exposure o Cu30; 10 pmol
‘L' at37 T for 18 h  The entire procedure was perfnrmed
under sterile condiuuns.  The ux-LDL extent was estimated
by measuring Inereases i thicbarbituric  acid  reacung

substanve content, absorption at 234 nm. and electropharetic
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mobility on agerose el

Assay for it monocyte adbesion The confluent
monolayer of BAEC was preparedm. Cells were incubated
with 1 mL medium conwining ox-LDL, n-LDL, bovine
serum albumin {BSA) or PBS for a pericd of time. Then 4
3 10° monocytes were added to each well, incubated for an
additonal 60 min.
were gently egitated to ensure even dispersal of non-adherent
monceytes.  The nonadberent monocytes were washed ol by
rinsing 3 times with 1 mL medium. and once with PBS at
37 T. The adherent cells were fixed in 1 % glutaraldehyde
at 4 C overnight. To [(acilitate the recognition of the
monocytes, these cells were labeled by staining lor endogencus
The wells
were incubated with a mixture of dieminobenzidin -4HCl 1
g'L"' and H;0, 0.02 % in PBS lor approximate 3 min and
washed in PBS. The artached monocytes were counted in 20
mieroscopic fields by phase contrast microscopy'® . The data
were expressed as the ratio of the adherent monocytes in the
lipoprotein-treated BAEC cultures 1o thar in the PBS-treated
cultures.

The effect of ox-LDL on monocyte adhesion to BAEC
was assessed as compared to thet of n-LDL, BSA all at 50 mg
protein*L™' or in seme volume of PBS after 6-h

In 0.5 h thereafter, the culture plates

peroxidase activity by the following procedure.

preincubation.

Experimental protocel The effect of ox-LDL on
monocyte adhesion was examined in comparison with n-LDL
end BSA relative o PBS. To analyze the underlying
mechanism, 1) Cycloheximide {Cyc) pretreatment to inhibit
protein synthesis to identily the conneciion between adhesion
end protein synthesis. 2) Dextran sulfate as a scavenger
receptor antagonist was used 1o test the role of these receptors
in ox-LDL induced monocyre edhesion. 3} Staurosporine
{Sta) end phorbol 12-myristate 13-acetate {PMA)} were used
o observe the eflect of PKC activation or antagonism on this
4} Pretreatment of lysophosphatidylcholine (Lys) 1w
examine monocyte adhesion compared with ox-LDL,

Chembcals  M199 medium, bovine serum albumin,
diaminobenzidin * 4HCl, Cyc, Sta. dextran sulfate. edetic
acid, PMA, and Lys were purchased from Sigma.

Statistiecs The results were expressed as ¥ + 5, and
assessed by ANOVA and 1 test.

event.

RESULTS

Effects of ox-LDL on monocyte adheston
ox-LDL induced 2-fold increases in monocyte
adhesion { P < 0.01 w»s PBS, » = 6), whereas
n-LDL, and BSA had no significant effect (P >
0.05 vs PBS, #=6). As little as ox-LDL 10 mg
L~! stimulated monocyte adhesion, and the effect
was maximal at 60 mg*L ™ (Fig 1).
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Fig 1. ox-LDL induced monocyte adheslon to BAEC.
n=4, F2z. *P<0.01 vs control.

The kinetics of ox-LDL-induced enhancement
of monocyte adhesion was also assessed, 30 min of
preincubation was necessary for ox-LDL 60 mg'L™"
to induce increase of adhesion, which reached the
maximum at 4 h and was sustained for >48 h

(Fig 2).
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Fig2. Effect of ox-LDL 60 mg-L ™' on monocyte adhesion
o BAEC. n=4. ¥2s.

Therefore, following experiments were pet-
formed using ox-LDL 60 mg-L™!, and preincuba-
tion time was 6 h. BSA was chosen as control.

Role of protein synthesis Pretreatment of the
BAEC with Cye, a protein synthesis inhibitor, 1 mg
‘L' for 1 h before adding ox-LDL abolished the
effects of ox-LDL (60 mg * L™') to stimulate
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adhesion of monocytes to BAEC {ox-LDL + Cyc:
0.96+0.14 »s ox-LDL; 2.10£0.21, F<0.01,
n=6).

Role of scavenger receptor Coincubation with
dextran sulfate 20 mg+L ™' during pretreatment of
the BAEC with ox-LDL (60 mg*L ') exerted no
effect on increased adhesion of monocytes to BAEC
(2.06%0.20 vs ox-LDL; 2.1720.35, P>0.05,
n=0).

Role of PKC activation Coincubation with
Sta 20 nmol-L ™" during pretreatment of the BAEC
with ox-LDL (60 mg-L ')} suppressed the
augmentative effects of ox-LDL on monocyte
adhesion. Pretreatment of the BAEC with PMA 1
nmol-L ™! induced an increase of adhesion. which

was abolished by Sta (Tab 1).

Tab 1. Inhibltory effects of stawresporine (Sta 20 mg-L"')
on PMA 1.0 amol'L™", Lys 6 pmwt-L"™!, and ox-LDL &0
mg-L "' induced monocyte ndheslon to BAEC,

n=6,¥ts, "P>0.05, ‘P<0.01 »s control.

Adhesion of monocytes o

Prereatment BAEC, relative to PBS
Control 0.99+0.17
ox-LDL 2.200.21°
ox-LDL + Sea 1.20x0.18"
PMA 2.7810.21°
PMA + Sta .9 10.07"
Lys 1.54%£0.10°
Lys+ Sta 1.04£0.14*

Effects of Lys on monocyte adhesion
Pretreatment of BAEC with Lys 6 pmol - L™!
increased monocyte adheston. Sta suppressed the
augmentative effects of Lys (Tab 1),

DISCUSSION

In present study, we demonstrated that the
pretreatment of BAEC with ox-LDL increased
adhesion of monocytes to BAEC. The effects of
ox-LDL was not mediated by the scavenger-
receptor-dependent mechanism, but was attributed
to PKC activation and de novo protein synthesis in
endothelial cells.

Increased adhesion of monocytes to the artery
wall endothelium is one of the earliest events in the
development of atherosclerotic plaque’®’.  The

mechanisms that initiate this process are not fully
understood. ox-LDL has been found to be present
in atherosclerotic plaques, and in the blood of
human and experimental animals at risk to develop
lesions'®’. It is commonly accepted that ox-LDL
plays a key role in the development of athero-

(10 In present study, we found that

sclerosis
pretreatment of BAEC with ox-LDL increased
adhesion of monocytes to BAEC, this increased
adhesion was not dependent upon scavenger
receptor, because dextran sulfate, a scavenger
receptor blocker, did not affect the effect of
ox-LDL, indicating protein moiety of ox-LDL is not
involved in these effects. Furthermore, Lys, an
important active component in ox-LDLU'?, at
concentration referred to as that deprived from an
equivalent quantity of ox-LDL 60 mg-L ™' 12) - 4lso
induced an increased adhesiveness of monocytes to
BAEC, indicating that Lys in ox-LDL was at least
partly responsible for the effect of ox-LDL.

Several lines of evidences have suggested that
during the oxidative modification of LDL,
phosphatidylcholine {PC) was hydrolyzed by an
intrinsic LDL-associated phospholipase A; to become
Lys[m, Lys in ox-LDL could be transferred and
incofporated into endothelial cell surface membrane
in an apoprotein-independent manner. The
transferred Lys activates PKC in the endothelial cell
surface membrane and modulates various endothelial

function!!2-13,

The present study showed that
staurosporine, PKC inhibitor, suppressed Lys and
ox-LDL-induced increased monocyte adhesion.
This result is in agreement with this observed in
polymorphonuclear leukocytes''*.  Furthermore,
PMA, a specific PKC activator, enhanced the
adhesion of monocytes to BAEC, closely mimicking
the results obtained by ox-LDL and Lys. These
results reasoned that PKC activation by Lys in
ox-LDL may at least in part be involved in the
enhanced adheston of monocytes to BAEC.,

The interaction between ox-LDL and the
endothelial cells appears to be necessary to induce an
increase in monocyte adhesion. When ox-LDL was
added simultaneously with monocytes, no effect on
monocyte adhesion was seen, whereas, preincuba-
tion of BAEC with ox-LDL for 30 min resulted in &
significant increase of adhesion. This finding, plus
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our further results that treatment of BAEC with
Cyc, an inhibitor of protein synthesis. abolished the
ox-LDL 1o
suggesting that de now

effect  of stimulate  adhesion of

MONOCY s, protein
synthesis in the endothelial cells is required for the
effect of ox-LDL.
certain kind of adhesion molecule synthesized in

BAEC during incubation with ax-LDL is responsible

It is reasonable to speculate that

for increased adhesion of monocytes to BAEC
induced by ox-LDL.

In conclusion, ox-LDL enbances the adhesion
of monocytes to BAEC, PKC activated by Lys in
ox-LDL may play an important role in the
mechanisms of the enhanced adhesion of monocytes

to BAEC.
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