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Abstraet Background. Several studies demonstra-
ted that Lp(a) play an important role in genesis and
development of the atherosclerotic lesions. Never-
theless, Lp(a) displays an adjunctive and exclusive
thrombotic effect due to a supposed competition of
the apo(a) protein moiety with plasminogen for ac-
tivation and binding either to specific plasminogen
receptors at the cell surface or to stabilized fibrin.
Moreover, Lp(a), similarly to other lipoproteins,
affects the functionality of platelets through its
binding to cellular receptors, thus sensitizing plate-
lets to a wide variety of stimulating agents. In the
present study the potential role of Lp(a) in the ad-
hesion and aggregation of human platelets was in-
vestigated.

Methods. Lp(a) was purified from human plasma
by lysine-Sepharose affinity chromatography and
was used to coat the plastic surface of microplate
wells where human platelets were incubated for 1 h
in the absence and in the presence of the stimulants
10 mM ADP or 0.1 U/mL thrombin.

Results.  In this assay system, the adhesion of un-

Introduction

Lp(a) is a low density lipoprotein, which contains
a single copy of apolipoprotein(a) linked to
apolipoprotein  B100'?. Epidemiological studies
demonstrated that increased levels of Lp(a) in plas-
ma are an independent risk factor for cardiovascu-
lar disease, though the mechanisms responsible for
the atherogenetic and thrombotic potential of Lp(a)
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stimulated platelets to 50 pg/mL Lp(a) was very low
(3.8%), as was the adhesion to BSA (2.9 =%) and to
fibrinogen (5.2%), while platelet adhesion was much
higher (18.8%) when collagen was used as coating
agent. Thrombin markedly increased the adhesion
to BSA and to fibrinogen (19.7% and 23.3% respec-
tively), while ADP increased the adhesion to fibrino-
gen but not to BSA (18.2% and 3.0% respectively).
The adhesion of stimulated platelets to Lp(a) was
very low (3.0% and 5.6% with ADP and thrombin
respectively). Finally, Lp(a) at doses >30 pg/mL in-
hibited both the adhesion of thrombin-stimulated
platelets to fibrinogen or BSA and the ADP-induced
aggregation in a dose-dependent fashion.

Conclusion. From our results, we conclude that
Lp(a) is not a physiological substrate for adhesion of
platelets as we demonstrated that Lp(a) may behave
as a potential anti-adhesive and anti-aggregating
molecule. Therefore, the athero-thrombotic poten-
tial of Lp(a) has to be explained by other mecha-
nisms, at the inhibition of plasminogen activation.

(Eur J Lab Med 1998;6:24-28).

are unknown, as well as its physiological role®®.
Apo(a) resembles in structure the zymogen plas-
minogen, and chiefly consists of multiple tandem
repeats of domains homologous to the plasminogen
kringle 4, a single copy of kringle 5 and an inactive
terminal protease domain®®. The structural homolo-
gy to plasminogen gave rise to the hypothesis that
Lp(a) may display thrombotic activity since previ-
ous reports demonstrated that it is able to compete
with plasminogen for the binding to platelets and to
endothelial cells, thus reducing plasminogen bind-
ing and activation'*. It has been reported that
Lp(a), as other lipoproteins, could influence the
functionality of platelets and endothelium through
its binding to cellular receptors, as known for other
atherogenetic lipoproteins in either native or oxi-
dized form, thus sensitizing platelets to a wide vari-
ety of stimulating agents'>®. The precise mecha-
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nisms of LDL-platelets interaction have not been
discovered in detail; the binding site has been sup-
posed to be the surface glycoprotein gp ITIb-1lla,
one of the most important adhesion molecules
which also represents the binding site for fibrino-
gen. Although apo(a) contains an arginyl-glycylas-
partate (RGD) tripeptide, which is the consensus se-
quence for the binding of adhesive proteins to the
platelet membrane glycoprotein IIb-11la, the bind-
ing site for Lp(a) to platelets has been identified as
the glycoprotein IIb and this interaction does not
involve an RGD-like sequence™. The evidence that
the supposed binding of Lp(a) to platelets may in-
terfere with several platelet functions has been re-
cently provided as it was demonstrated that Lp(a)
inhibits both collagen-induced aggregation and ad-
hesion of platelets®. Therefore, in the present study
we further investigated whether Lp(a) could behave
as adhesive molecule for platelets: purified Lp(a)
obtained with an original procedure'® was employed
to coat microvessel culture plastic surfaces where
human platelet suspensions were left to adhere in
the absence and in the presence of ADP and throm-
bin. Purified Lp(a) was further incubated with pre-
pared human platelets to investigate possible ef-
fects on ADP-induced aggregation.

Materials and Methods

Materials. p-nitrophenyl-phosphate, bovine se-
rum albumin (BSA), human fibrinogen (type 1) and
Triton X-100 were purchased from Sigma, collagen
from Menarini; ADP from Boehringer; thrombin from
Calbiochem; purified human albumin from Behring
Institute, Marburg, Germany. Dulbecco’s phosphate
buffered saline (PBS) was from Gibco Ltd, Paisley,
Scotland, the composition of PBS was 0.2 g/I. Kcl,
0.2 g/L KHyPOy, 0.047 g/L. MgCly, 8 g/L Nacl, 1.15
g/l NapHPO4 (pH 7.4). Sterile 96-well microtiter
plates with flat-bottomed wells (type Immulon 4)
were from Dynatech. Anti-Lp(a) horseradish perox-
idase (HRP)-conjugated polyclonal antibodies were
from Strategic Diagnostics, Newark, Delaware, USA.
Other materials and reagents were of the highest
purity available.

Purification of Lp(a). Lipoprotein(a) was puri-
fied to homogeneity as previously described®™.
Briefly, 15 g of lysine-Sepharose (Pharmacia, Upp-
gala, Sweden) were swollen in 50 mL of distilled
water, packed into a refrigerated 40 X 2.6 cm 1.D.
chromatographic column and extensively washed
with 500 mL of 50 mM (NHy)HCO3, pH 7.95. Hun-
dred mL of serum obtained from a single healthy
volunteer homozygous for a previously identified
medium size isoform were filtered and the filter was
injected in a single passage into the column. Non
specific proteins were initially washed-out with 500
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mL of 50 mM (NHL)HCOg, pH 7.95, and non-Lp(a)
kringle-containing proteins exhlbltmg low affinity
for lysine-Sepharose were eluted with 50 mL of 0.5
M sodium phosphate buffer, pH 7.4. The Lp(a) frac-
tion bound to lysine-Sepharose (Lp(a) Lys+) was fi-
nally eluted with 50 mL of 0.5 M sodium phosphate
buffer, pH 7.4 and extensively dialyzed against PBS.
The hlgh degree of purity of the material was proved
in a previous investigation'®. Total protein concen-
tration of the purified material was measured with
the method of Lowry'” and final concentration was
therefore expressed in terms of Lp(a) protein mass
instead of total lipoprotein mass. The clinical sig-
nificance of Lp(a) species not retained by lysine-
Sepharose (Lp(a) Lys-) is still uncertain; Lp(a) Lys—
is identical in structure and composition to Lp(a)
Lys+' and its measurement does not provide addi-
tional improvements in the prediction of coronary
artery disease in the general population'’. Moreover,
it has been recently reported that the site implicat-
ed in the binding of entire Lp(a) particles to lysine-
Sepharose is not involved in the binding to fibrino-
gen, suggesting that lysine binding is not synony-
mous with fibrinogen binding®.

Preparation of platelet suspensions. A sample of
10 mL blood was drawn by venepuncture from
healthy volunteers with almost undetectable levels
of plasma Lp(a) and 8.4 mL aliquots of blood were
added to 1.6 mL of ACD (citric acid 15 g/L, 20 g/L
dextrose, 25 g/L sodium citrate) in plastic test
tubes. Platelet-rich plasma (PRP) was prepared by
centrifugation at about 120 g for 10 min. PRP was
re-centrifuged at 700 g for 15 min and platelets
were gently suspended (5x107/mL) in a buffer con-
sisting of 145 mM Nacl, 5 mM Kcl, 14 mM HEPES,
0.5 mM NayHPO,, 6 ml glucose and 0.2% BSA, pH
7.4 (buffer A). The platelet suspension was kept at
room temperature and used within 1 h.

Assay of adhesion. Platelet adhesion was per-
formed according to a previously desecribed colori-
metric method*. Ninetysix-wells culture mi-
croplates were pre-coated by overnight incubation
at +4 °C with one of the following solutions: (a) 2
mg/mL BSA, in phosphate-buffered saline (PBS), (b)
0.2 mg/mL human fibrinogen, in PBS, (c) 20 wg/mL
collagen, diluted in 0.9% Nad (d) 50 pg/ml Lp(a),
diluted in PBS. Immediately before use, the plates
were washed twice with 0.9% NaCl, using an auto-
matic plate washer (Easy Washer 2, SLT Labs In-
struments). The wells were supplemented with 25
mL of the test agonist (ADP and thrombin, 3 X the fi-
nal desired concentration in buffer A supplemented
with 3 mM CacCly and 3 mM MgS0y). The plate was
then brought to 37 °C, and 50 mL of the platelet
suspension (2.5 X 106 platelets), pre-warmed at 37
°C, were added to each well using a multichannel
pipette. Incubation was carried out for 60 min, us-
ing a humidified thermostat (37 °C, 5% C0,). At the
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end of the incubation, the plate was transferred to
an automatic washer and subjected to 2 washing cy-
cles with PBS at room temperature. Adherent
platelets were measured by the acid phosphatase
assay”. The percentage of cells was calculated on
the basis of a standard curve, obtained with a
known number of platelets of the same subject. The
intra-assay reproducibility and intra individual
variability were respectively 7% and 4%.

Assay of aggregation

0.15 mL of PRP were incubated with 0.15 mL of
either purified Lp(a) at different concentrations or
PBS. After 10 min incubation at 37 °C, 25 pL of ag-
onist were added to the platelet suspension. Aggre-
gation in PRP was induced by ADP 3 pM (final con-
centration) and measured in a four-channel aggre-
gometer (Aggrecorder I, DIC, Kyoto, Japan). Mea-
surements were performed in quadruplicate and re-
sults were expressed as percent of total PRP
aggregation after 5 minutes.

Results and Discussion

Figure 1 shows the extent of platelet adhesion in
different conditions of coating and stimulation.
Considering the adhesion to BSA, unstimulated
platelets and ADP-stimulated platelets showed litile
adhesion (2.9 + 0.3% and 3.2 + 0.3% respectively),
as expected since BSA is presumed to be a “neutral”
surface. Unexpectedly, thrombin-stimulated platelets
showed a substantial increase of adhesion to BSA
(19.7 £ 1.1%). The apparent discrepancy between
ADP and thrombin can be explained considering

[ coating with BSA (2 mg/mi)

['EE Coating with fibrinogen (0.2 mg/ml)
# Coating with collagen (0.02 mg/mi)
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= Iﬁ
o
T 3

N
(&2
T

N
o
T

e
o
T

Platelet adhesion (%)
&
T

(%]
T

I s

+ ADP (10 uM)

No stimulants + Thrombin (0.1 U/mi)

Figure 1. Platelet adhesion to different coating substrates. Mi-
croplate wells were coated ovenight with the indicated protein
substrates er microplate washing, platelets were incubated for 1 h
in the absence (no stimulants) and in the presence of ADP or
thrombin at the indicated concentrations. The mean values + SD.
ol 8 assays done in two separate experiments are reported.

that, with stimuli such as thrombin and collagen,
the fibrinogen can be secreted from the platelet «-
granules, but stimuli such as ADP and epinephrine
are not fully competent for a-granules secretion in
the absence of aggregation?*. Therefore, ADP-stim-
ulated platelets can bind only to fibrinogen-coated
surfaces, while thrombin-activated platelets can
bind also to BSA-coated surfaces presumably be-
cause they release fibrinogen and/or other com-
pounds that may act as an adhesive substrate.

The data of Figure 1 show that the adhesion to
fibrinogen was agonist-dependent, in agreement
with previous observations® and with the current
view that in ADP and thrombin-stimulated platelets
gp IIb/Illa, the major platelet fibrinogen receptor,
undergoes not only agonist-stimulated membrane
expression but also functional activation®. On col-
lagen-coated surfaces, a marked adhesion was ob-
served even in the absence of agonists, in agree-
ment with the fact that collagen receptors are con-
stitutively expressed on the platelet membrane and
mediate cell activation and secretion.

Culture wells were also coated with pure Lp(a),
prepared according to a recently developed chro-
matographic procedure’. Effective coating of plas-
tic surface was confirmed using anti-Lp(a) HRP-
conjugated polyclonal antibodies. The adhesion of
unstimulated platelets to purified Lp(a) was very
low (3.8 £ 0.5%), a value intermediate between the
adhesion to BSA and to fibrinogen and much lower
than the adhesion to collagen. This indicates that
Lp(a) does not work as an agonist of platelet adhe-
sion like collagen. Moreover, the adhesion to Lp(a)
of ADP-stimulated cells was very low (3.0 + 0.2%),
a value comparable to that of the adhesion to albu-
min, indicating that Lp(a) does not work as an ad-
hesion molecule for activated platelets, like fibrino-
gen. Finally, data of Figure 1 show that not even
thrombin-stimulated platelets showed an apprecia-
ble adhesion to Lp(a)-coated surfaces (5.6 + 1.1%).
This finding was quite unexpected, considering that
the adhesion of thrombin-stimulated platelets to
Lp(a) was even lower than the adhesion to a “neu-
tral” surface like BSA. The latter finding may sug-
gest that Lp(a) is an anti-adhesion molecule in our
assay systems or, at least, that Lp(a) is a molecule
that is more “inert” than BSA as regards the platelet
adhesion.

In order to further investigate a possible role of
Lp(a) as an inhibitor of cell adhesion, an experi-
ment was designed where Lp(a) was mixed with a
molecular excess of fibrinogen or albumin in the
coating mixture. We observed that Lp(a) dose-de-
pendently inhibited the adhesion of platelets to
plastic demonstrating that the lipoprotein effective-
ly binds to plastic in our coating procedure. Pres-
ence of Lp(a) in the coating mixture also inhibited
the adhesion of thrombin-activated platelets to BSA
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and the dose-dependence of this inhibition is simi-
lar to the dose-dependence of inhibition of adhesion
to plastic. Also the adhesion to fibrinogen was in-
hibited by Lp(a), but the effective doses were slight-
y higher than the doses capable of inhibiting the
adhesion to plastic and to BSA.

Although our study was mainly concentrated on
the effects of Lp(a) on platelet adhesion, we ob-
served that purified Lp(a) also inhibited in a dose-
dependent fashion the ADP-induced aggregation of
platelets in our assay system. The pre-incubation of
platelets with Lp(a) 50 pg/mL and 125 pg/ml re-
sulted in a respective decrease of 52.2 + 7.6% and
96.3 £ 1.2% of the aggregation as compared to
platelets pre-incubated with PBS. Moreover, the ad-
dition of Lp(a) 125 pg/mL when the aggregation as-
say was already triggered, resulted in almost total
disgregation of platelets; this latter effect was par-
tially reversible after addition of a further 3 uM ADP
stimulus.

Three possible explanation can be advanced for
these findings: a) Lp(a) binds to plastic more effec-
tively and more rapidly than BSA and fibrinogen,
thus eliminating any anchoring surface for activated
platelets, b) Lp(a) acts as an inhibitor of platelet ac-
tivation by ADP and by thrombin, or ¢) on the basis
of the reported binding of apohpoproteln( ) to gp
Ib/IIa™*, Lp(a) may compete with fibrinogen for
this receptor, acting as an inhibitor of surface adhe-
sion and aggregation of activated platelets. The first
explanation seems unlikely, because the inhibition
of platelet adhesion to fibrinogen and to BSA occurs
at doses of Lp(a) much lower than the doses of com-
peting proteins, so that it is conceivable that, in the
coating process, both fibrinogen (or BSA) and Lp(a)
bind to the plastic to the same extent. Also the sec-
ond explanation seems unlikely, because Lp(a) is
used as a coating reagent, while during the assay
platelets come in contact with soluble thrombin.
Therefore, the most probable explanation of our
findings is that Lp(a) may compete with fibrinogen
for binding to platelet fibrinogen receptor. This is in
agreement with previous reports showing that Lp(a)
binds to platelets almost exclusively through glyco-
protein ITh%4,

Although the precise mechanism of the inhibito-
ry effect of Lp(a) remains to be investigated, taken
together our data suggest that Lp(a) is not a physio-
logical substrate for adhesion of platelets and that,
conversely, this lipoprotein may act as an effective
anti-adhesive and anti-aggregatory substrate when
it is surface-bound. In the complex phenomena of
atherogenesis and thrombogenesis in vivo, Lp(a)
may have multiple roles, but our findings suggest
that the thrombotic potential of Lp(a) cannot be ex-
plained on the basis of a direct activation of platelet
adhesion and aggregation and thus, the explanation
of epidemiological findings has to be found in other
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mechanisms like the inhibition of plasminogen acti-
vation as previously suggested'*!"?,
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