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Abstract

Background: The abnormal response to activated protein C could be the mechanism to
explain the prothrombotic role of elevated coagulation factor levels.

Objective: We evaluated the effect of factor VIII, Il, or X (FVII, Fll, or FX) levels on
activated protein C resistance technique and its association with the resistant phenotype.
Materials and methods: The correlation between APCR and FVIII was assessed in 36
samples, after Desmopressin infusion and the correlation between Fll or FX and APCR
in 15 patients with plasma levels between 100—125 U/dl. Also, the effect of the
addition of purified human factors (Fll, FX) to a normal plasma pool (final
concentration: 100, 120, 140, 180, 220 U/dl) was estimated on the APCR technique.
Results: APCR values correlated with FVIll increase (rspearman=0.839; p<0.001); APCR
was abnormal (<2.4) in 9/36 samples, showing higher FVIII values in the abnormal
group (Vlllapnormatapcr=176.7 + 14.2; Vil ormaapcr=103.5 = 8.0). APCR did not corre-
late with endogenous Fll (rspearman=0.423) or FX (rspearman=—0.169). However, the
addition of human Fll or FX to the normal plasma pool caused a decrease in APCR
(rspearmanrii = —0.843; I'spearmanFx=—0.958) without reaching abnormal (<2.4) results.
FVIII levels may be associated with a resistant phenotype at values >153.0 U/dl,
according to the linear regression analysis. Exogenous Fll or FX levels greater than 120
U/dl would affect the APCR, without obtaining abnormal results.

Conclusions: The data do not allow the direct association of the Fll or FX increase with
a defect in the protein C system in the current conditions.

© 2005 Elsevier Ltd. All rights reserved.
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Introduction

An abnormal activated protein C (APC) response is
considered one of the main causes of venous
thrombosis [1—3], and it is defined as a poor
response of plasma to APC addition. About 80% of
the resistant phenotypes are associated with the
FVR506Q mutation, known as factor V Leiden (FVL)
[2,3]. There are also other congenital or acquired
conditions that may affect the protein C system and
lead to an abnormal response, such as the presence
of antiphospholipid antibodies [4] and the increase
in coagulation factors [5—7]. In both cases, the
abnormal response to APC would be an independent
risk factor for thrombosis [8], hence the signifi-
cance of its detection [9]. Plasma levels of factor
VIII (FVIII) rise during pregnancy and the intake of
oral contraceptives, and have also been considered
a cause for the development of the resistant
phenotype in these situations [5]. The relationship
between FVIII increase and the poor response to
APC has been validated by in vitro assays [10]. High
levels of factor Il (FIl) in plasma have also been
described as a determinant of the resistant pheno-
type [7], although probably through a different
mechanism. FVIII would act through an increase in
the procoagulant activity (determined by the
activated partial thromboplastin time [APTT]) and
FIl by direct inhibition of APC [11].

Elevated levels of FVIII [12], FII [13], FIX [14] or
FXI [15] have been described as independent
thrombotic risk factors [16]. However, the throm-
botic risk associated with high levels of FX dis-
appears after the adjustment of the concentration
of the other vitamin K factors [17].

A negative response to APC may contribute to
the thrombotic risk associated with the increase of
coagulation factors. This contribution has been
described for FVIII based on in vivo and in vitro
studies, and based on in vivo studies for FII.

There are few studies of FX effect on APCR, and
the results are contradictory [18,19]. Because of
this, we proposed to evaluate the effect of FX in
vivo and in vitro parallel with the evaluation of FlI
in the same conditions and FVIIl in vivo.

We analyzed samples from patients with plasma
levels of Fll or FX between 100 and 125 U/dl and a
pool of normal plasmas with increasing amounts of
purified human factors. In the latter the only
variable would be the exogenous addition of Fll or
FX.

We also analyzed plasma samples obtained after
the administration of Desmopressin (DDAVP).
Among changes induced by DDAVP [20], the FVIII
increase would be the only variable at least directly
involved in the protein C system.

Materials and methods
Samples

Patient and normal samples were collected into
tubes containing 0.11 M sodium citrate (9:1) and
platelet poor plasma was obtained by double
centrifugation at 3500 g for 15 min. Fll, FVIII and
FX activity was measured on fresh plasma samples,
while the APCR technique was carried out on
samples stored at —80 °C.

Techniques

Coagulant activity of Fll, FVIIl and FX was deter-
mined by one-stage method, using deficient plas-
mas (IL Test™, Factor Il deficient plasma; FVIII
deficient plasma, Grifols; IL Test™, Factor X defi-
cient plasma) and either reagent for APTT (IL Test ™
APTT-SP) or prothrombin time (Thromboplastin-S,
Biopool).

APC resistance (APCR) was determined using the
original technique [1] (Coatest APC Resistance,
Chromogenix), without prediluting target plasma
in factor V deficient plasma. APCR values below 2.4
were considered abnormal according to previous
results in normal controls [21].

Endogenous FVIll

Samples (n=36) from patients taken before and 1
and 2 h after the infusion of DDAVP (Desmopressin®,
Ferring; 0.3 pg/kg) were analyzed; FVIII concen-
tration and APCR were determined in each sam-
ple. Patients have neither FVL nor history of
thrombotic events, and FIl or FX plasma levels
<100 U/dl.

Endogenous FIl and FX

We selected plasma samples from 15 patients with
previous venous thrombotic events and Fll or FX
levels between 100 and 125 U/dl, without FVL or
prothrombin G20210A mutation; APCR was mea-
sured in each sample.

Exogenous Fll and FX

Increasing amounts of human purified FIl (50 U/ml,
factor Il, F-5132, Sigma) or FX (55 PEU/ml, Purified
factor X, Diagnostica Stago) were added to a normal
plasma pool (n=20). For each factor added, five
plasma fractions were obtained with final concen-
trations of 100, 120, 140, 180 and 220 U/dl,
respectively. The coagulant activity of the added
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factor was verified and the APCR assay was per-
formed fourfold in each aliquot.

Statistical analysis

Results were collected in a database (Microsoft
Excel, version 2000) and analyzed with the Statisti-
cal Package for Social Sciences (SPSS Inc., Chicago,
IL, USA, version 9.0 for Windows). The following non-
parametric tests were applied: the Kruskal—Wallis
one-way analysis for comparison between groups
and the Mann—Whitney rank sum test to compare
values between two groups; correlations between
APCR and the coagulation factor activities were
determined with the Spearman’s rank correlation
test. Statistical significance was taken at 5% level.

Results

Endogenous FVIi

APCR values inversely correlated with FVIII values
(rspearman=—0.839; p<0.001) (Fig. 1). Mean+stan-
dard error of the mean (SEM) for APCRwas 2.9 + 0.1
(range: 1.9—4.5) and for FVIII 121.8+8.7 U/dl
(range: 45—250 U/dl). Abnormal APCR values
(<2.4) were obtained in 9 samples (median: 2.3;
range: 1.9—2.4), with FVIII values between 120 and
250 U/dl (median: 190 U/dl). Significant differences
(pmw<0.001) were observed when comparing FVIII
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Figure 1  APCR and endogenous FVIII. Linear regression
analysis (£ Cl 95%) between APCR and endogenous FVIII
values. Thirty-six samples from patients before and after
DDAVP infusion were analyzed. Dotted lines show the FVIII
level from which an abnormal response to APC may be
expected.

plasma concentration in samples with abnormal
APCR (mean+SEM=176.7 +14.2; median=190)
and normal APCR (mean + SEM=103.5 + 8.0; medi-
an=110). Linear regression analysis (+Cl 95%)
between APCR and FVIII results allowed us to
estimate that FVIII values greater than 153.0 U/dl
could induce an abnormal response to APC (Fig. 1).
Six out of 10 samples with FVIIl >153 U/dl (range:
160—250 U/dl) showed abnormal APCR values while
the rest (4/10) (FVIII: 160—180 U/dl) had APCR
results (2.5—2.6) near the cut-off value.

Endogenous FlI

There was no significant correlation between
endogenous FllI concentration and APCR results in
plasmas from patients with FlI levels between 100
and 125 U/dl (rspearman=0.423; p=0.117).

Exogenous FlI

Fig. 2 shows APCR values obtained in each normal
plasma pool aliquot after the addition of purified
FIl. A significant (pww=0.018) increase in the
resistance between samples with 100 and 120
U/dl was detected, with APCR mean values+
SEM of 3.3+0.002 and 3.1+0.025 respectively.
At higher Fll concentration the difference in the
response lost statistical significance (pww>0.1)
(APCR140=3.1+0.013; APCR;80=3.1+0.027;
APCR;70=3.0+0.032). Abnormal values of APCR
were not detected, in spite of the inverse signif-
icant correlation with FlI levels (rspearman=—0.843;
p<0.001).

Endogenous FX

FX plasma values in samples from patients with
concentration ranging from 100 to 125 U/dl did
not show correlation with APCR results (rspearman=
—0.169; p=0.548).

Exogenous FX

Fig. 2 shows APCR values obtained from the differ-
ent aliquots of normal plasma pool with increasing
amounts of purified FX. The increase of the re-
sistance was significant not only between samples
with 100 and 120 U/dl (APCR;p0=3.9+0.014,
mean = SEM; APCR;,0=3.5+0.026; pww=0.020),
but also between 120 and 140 U/dl (APCRy4=
3.5+0.023; p=0.021), 140 and 180 U/dl
(APCR1g0=3.3 £0.006; p=0.020) and between 180
and 220 U/dl (APCRy20=3.2 £ 0.022; p=0.028). APCR
inversely correlated with FX concentration in the
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Figure 2 APCR and exogenous Fll or FX. APCR values in
normal plasma pool after the addition of purified Fll or FX
(final concentration: 100, 120, 140, 180 and 220 U/dl).
APCR was measured fourfold in each aliquot. Circles (O)
indicate the mean value in each Fll aliquot and squares (O)
FX values. Bars indicate 2 standard error of the mean.

samples (rspearman=—0.958; p<0.001); but without
reaching abnormal APCR results.

Discussion

Factor VIII [12] or Fll [13] increase has been des-
cribed as an independent risk factor for thrombosis;
unlike FX elevation, in which the risk disappears
after adjustment for the other vitamin K-depen-
dent coagulation factors [17]. FVIII or FIl increase
has also been associated with the APC resistant
phenotype [5—7]; this abnormal response is not due
to the presence of FVR506Q mutation and could be
the mechanism accounting for the thrombotic risk
associated with elevated coagulation factor levels.

Risk associated with FVIIl would not be related to
its acute phase reactant condition, but to genetic
and environmental variations [22]. The proposed
mechanism of action would be the influence on the
response to APC, determined by an APTT system,
particularly sensitive to variations in the concen-
tration of FVIIl, that lead to a high procoagulant
activity through an increase in the thrombin
generation [6]. We verified not only that the
increased plasma levels of FVIII in response to the
administration of DDAVP affect the response to APC
(Fig. 1), but also that FVIII concentration associated
to an abnormal response (FVIII >153 U/dl) would be
similar to that reported in vitro (FVIII >150 U/dl)
[10]. However, other factors in addition to FVIII
levels must determine the APCR, since we found

samples with high FVIII (>153 U/dl) that still
displayed normal values (although not far from
the abnormal cut-off point) (Fig. 1).

It has been postulated that FIl would also play a
role affecting protein C system, but through a
different mechanism from that of FVIII [7]. In this
case, FIl increase will appear to modulate APC
anticoagulant activity, inhibiting its ability to
inactivate FVa [11]. Correlation between Fll plasma
levels and APCR values was previously described by
Tripodi et al. in a series of 285 individuals without
FVL, in which 12% of the subjects with levels of Fll
>110 U/dl (range: 110—170 U/dl), presented APCR
values below the normal limit [7]. We did not find a
significant correlation between APCR results and FlI
plasma concentrations (100 to 125 U/dl), but a
significant effect was detected when purified Fll
was added at concentrations >120 U/dl (Fig. 2).
Perhaps, it would be necessary to analyze samples
from patients in a higher range of Fll concentration,
in order to verify a significant effect on APC
response. According to the number of patients
analyzed the likelihood of having abnormal APCR
values was low (1—2 of 15; 12%); in fact, we did not
find patients with abnormal results. Moreover, a
different sensitivity in the method applied to
evaluate the response to APC in both studies can
be suspected. Although in both cases the original
technique was applied, based on APTT, Tripodi et
al. [7] used a modified assay by Faioni et al. [23],
while we employed a commercial kit. In the latter,
the final concentration of APC is higher, which
could determine the necessity of higher concentra-
tions of Fll to inhibit the APC present in the assay.
The fact that we did not observe an abnormal APCR
value in a wide range of purified FIl (up to 220 U/dl)
may account for the latter assumption.

The FX increase would predict the development
of thrombosis in a non-independent manner, but
the possible mechanism of action is unknown [17].
It was reported that individuals with FX concentra-
tions higher than 126 U/dl present 1.6 times higher
risk for venous thrombosis; however this estimated
risk disappears after adjusting for the other vitamin
K-dependent factors (FIl, FVIl and FIX) [17]. A
correlation between FX and the response to APC
was reported in cancer patients but not in the
normal controls [18]. This suggests a potential role
of FX on acquired APCR in cancer. The effect of FX
on APCR is not clear since Kluft et al. referred a low
but significant correlation in normal volunteers
[19]. According to our results, FX plasma levels
(between 100 and 125 U/dl) did not show a
significant correlation with the APCR values. How-
ever, a progressive reduced response to APC was
observed when purified FX was added, but not



Endogenous or exogenous coagulation factor level and the response to activated protein C 273

enough to induce abnormal APCR results (Fig. 2).
Moreover, this effect was less evident in compari-
son with Fll at the same concentrations (Fig. 2).

In the current conditions, it would not be feasible
to associate, at least directly, the thrombotic risk
by the increased Fll or FX plasma concentrations
with a defect in the protein C system. However, we
believe that the suitability of the system employed
to evaluate the response to APC should be consid-
ered in order to analyze the apparent lack of
agreement with previous reports for Fll [7,11].
The commercial assay, based on APTT, sensitive to
increases in procoagulant activity caused by FVIII,
could not be the most appropriate to detect the
resistance caused by increases in Fll. If its mecha-
nism of action is through the direct inhibition of
APC, as has been postulated [11], the final concen-
tration of APC in the system has to be critical;
higher amount of Fll should be required to inhibit
the higher APC activity present in the reagent.
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