
The effect of plasma ceruloplasmin on the sensitivity for activated
protein C
Rosendaal, F.R.

Citation
Rosendaal, F. R. (2002). The effect of plasma ceruloplasmin on the sensitivity for activated
protein C, 843-846. Retrieved from https://hdl.handle.net/1887/1598
 
Version: Not Applicable (or Unknown)
License:
Downloaded from: https://hdl.handle.net/1887/1598
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/1598


British Journal of Huemutology 2002 118 843-846

SHORT REPORT

The effect of plasma caeruloplasmin levels on the sensitivity
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Summary. The effect of caeruloplasmin levels on the sen-
sitivity for activated protein C (APC), measured by a clottmg
assay based on the activated partial thromboplastm time,
was investigated m a large group of healthy mdividuals
without factor V Leiden A modest mverse association
between caeruloplasmin and normalized APC sensitivity
ratio was found (regression coefficient ß= -033 χ 10~2,
95% confidence mterval, -0 42 χ IGT2 to -0 24 x IGT2)
After adjustment for sex and oral contraceptive use, this

association weakened (ß = -0 19 x IGT2, 95% CI -0 34 χ
IGT2 to -005 x 10 2) After additional adjustment for
factor VIII levels, which are known to mfluence the assay,
the effect of caeruloplasmin on APC sensitivity completely
disappeared
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The protein C pathway is an important anticoagulant
mechamsm Activated protein C (APC) acts äs an anticoag-
ulant by proteolytic cleavage of the procoagulant protems
lactor Va and factor Villa APC resistance is defined äs a poor
anticoagulant response of plasma to APC (Dahlback et al,
1993) Most cases of APC resistance are caused by a mutation
m one of the APC cleavage sites (Arg506) of factor V (Bertina
et al, 1994), resulting m an activated factor V variant (factor
V Leiden), which is mactivated more slowly than activated
wild-type factor V The factor V Leiden mutation is a common
nsk factor for venous thrombosis A reduced sensitivity for
APC not due to factor V Leiden is also associated with an
increased nsk of venous thrombosis (Rodeghiero & Tosetto,
1999, de Visser et al, 1999) Causes of non-factor V Leiden-
related APC resistance are lupus anticoagulants pregnancy,
oral contraceptive use and high factor VIII levels äs well äs
other currently umdentified factors

Recently, Ripoll et al (1998) reported on a small study m
which they observed an mverse correlation between APC
sensitivity ratios and plasma caeruloplasmin levels, sug-
gestmg that high caeruloplasmin levels may also lead to a
reduced sensitivity for APC Caeruloplasmin is a monomeric
blue et-2 glycoprotem that contams more than 95% of the
total circulatmg copper m blood plasma Its physiological
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role is not fully known However, it has been proposed that
it may have roles in copper transport conversion of Fe(II) to
Fe(III) (ferroxidase activity) for subsequent uptake by
transfernn and that it exhibits pro-oxidant activity towards
low density lipoprotems under some circumstances (for a
review, see Flons et al 2000) Caeruloplasmin is an acute-
phase protein The plasma concentration increases durmg
mflammation, oestrogen therapy and pregnancy largely äs
a result of eftects on hepatic caeruloplasmin gene expres-
sion The protein is composed of three identical A domains
that show sequence identity with the A domains of
coagulation cofactors V and VIII (Church et al, 1984)
The carboxy termmi of the light chain A domains of these
activated cofactors are involved in binding to APC (Walker
et al, 1990) Caeruloplasmin contams sigmficant sequence
homology to these terrmnal A domains, and may therefore
compete with factors Va and Villa for binding to APC,
leadmg to reduced mactivation of factors Va and Villa
(Walker & Fay, 1990)

We investigated the effect of caeruloplasmin levels on the
normalized APC sensitivity ratio m a large group of
mdividuals without a history of venous thrombosis (the
control group of the Leiden Thrombophilia Study, LETS)

MATERIALS AND METHODS

Sufyects The investigated subjects were 474 healthy
controls (202 men and 272 women) of a population-based
case-control study on venous thrombosis (LETS) (Koster
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et al, 1993) The median age was 47 years (ränge,
16-73 years)

To mvestigate the relationshrp between caeruloplasmm
levels and oral contraceptive use, an additional selection
was made, äs described before (Vandenbroucke et al, 1994)
Pre-menopausal women aged 15-49 (n = 153) were
selected after exclusion of women who were pregnant
(n = 10), withm 30 d post partum (n = 14) with a recent
miscarriage (n = 2) or who had used only depot contra-
ceptives (n = 3) at the mdex date

Blood collection and laboratory analysis Venous blood was
collected mto tubes contammg 0 l volume 0 106 mol/1
tnsodium citrate Plasma was prepared by centrifugation for
10 mm at 2000 g at room temperature and stored at
-70°C

The sensitivity of the plasma activated partial thrombo-
plastm time (APTT) to APC was measured äs described
before (Koster ei al, 1993) Results were expressed äs
normahzed APC sensitivity ratlos (APC-SR) The APC
sensitivity ratio was defined äs the APTT m the presence
of APC divided by the APTT in the absence of APC The
normakzed APC-SR was calculated by dividmg the APC-SR
of the sample by the APC-SR of pooled normal plasma that
was measured in the same run

Caeruloplasmm levels were measured m plasma by
immunological turbidimetric assay (Boehnnger Mannheim
Tma-quant®) by a two-pomt end-pomt measurement on a
Hitachi 911 analyser (Hitachi, Tokyo, Japan) The normal
ränge was 18-45 mg/dl

Factor VIII coagulant activity (expressed m U/ml) was
measured by a one-stage clottmg assay with factor VIII-
deflcient plasma and automated APTT (Organon Teknica,
Durham, NC, USA) on an Electra 1000

Statistical analysis To assess the effect of caeruloplasmm
levels on the normahzed APC-SR, linear regression analysis
was performed with normahzed APC-SR äs dependent
variable and caeruloplasmm level äs independent variable
in 455 subjects without factor V Leiden To control for the
effects of sex and oral contraceptive use, multiple linear
regression analysis was performed (m 429 subjects for
whom oral contraceptive use was known) with normahzed
APC-SR äs dependent variable and caeruloplasmm level,
age, sex and oral contraceptive use (yes or no) äs indepen-
dent variables Because it was demonstrated previously that
the normahzed APC-SR is affected by factor VIII level

(de Visser et al, 1999) we also performed a regression analysis
with factor VIII level äs additional independent variable

RESULTS

Oetermmants of caeruloplasmm levels
Mean caeruloplasmm level was 36 mg/dl (ränge, 8-79), it
was 30 mg/dl (ränge, 8-55) m men (n = 202) and 40 mg/dl
(ränge, 15-79) m women (n = 272) Caeruloplasmm
levels were higher in women than m men and oral
contraceptive use further increased plasma caeruloplasmm
level (Table I) No effect of age on caeruloplasmm levels was
found

Relation between caeruloplasmm and noimahzed APC-SR
The effect of caeruloplasmm on the normahzed APC-SR was
mvestigated in subjects without factor V Leiden (n = 455)
The scatterplot (Fig 1) with regression hne (regression
coefficient ß= -033 x 10~2, 95% CI -042 χ 10~2 to
-0 24 χ 10~2) shows a modest inverse association between
caeruloplasmm and normahzed APC-SR As shown m
Table I normahzed APC-SRs and caeruloplasmm levels
were both mfluenced by sex and oral contraceptive use
Women tended to have higher caeruloplasmm levels and
lower normalized APC-SRs than men, with the highest
caeruloplasmm levels and the lowest APC ratlos m women
usmg oral contraceptives Multiple regression analysis (with
sex, age and oral contraceptive use äs additional vari-
ables) yielded a regression coefficient for caeruloplasmm of
-0 19 χ 10~2 (95% CI -0 34 χ 10~2 to -0 05 x 10~2)
Because the normahzed APC-SR is known to be mfluenced
by factor VIII levels (de Visser et al, 1999), regression
analysis was performed with factor VIII äs independent
variable m addition to caeruloplasmm level, age, sex and
oral contraceptive use After this addition of factor VIII level
to the model, the regression coefficient for caeruloplasmm
level was no longer sigmflcant (ß = -0 06 x 10~2, 95%
CI -0 34 x 10~2 to -0 05 x 10~2) The regression coeffi-
cient for factor VIII level m this model was -0 20 x 10 2

(95% CI -0 22 x 10^2 to -0 17 x 10~2)

DISCUSSION

A reduced sensitivity for APC not caused by the factor V
Leiden mutation is associated with an increased risk of

Table I Caeruloplasmm level and normalized APC sensitivity raüos (APC-SR) accordmg to oral contraceptive (OC) use

Mean caeruloplasmm
(mg/dl) (95% CI)
Mean n-APC-SR*
(95% CI)

Men (n = 202)

30 (29-31)

1 06 (1 04-1 07)

Post-menopausal women
-OC (n = 90)

35 (34-36)

100 (098-102)

Pre-menopausal women
-OC (n = 99)

36 (34-37)

103 (101-106)

Pre-menopausal women
+OC (n = 54)

57 (54-60)

095 (093-097)

*Subjects carrymg the factor V Leiden mutation or with undetermmed normalized APC-SR were excludcd (six men three post-menopausal
women -OC six pre-menopausal women -OC and one pre-menopausal woman +OC)
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Fig l Caeruloplasmin level and normahzed
APC sensiüvity ratio m hcalthy conlrols
Pre menopausal women usmg oral contra
cepüves are depicted by a tnangle (A)
Regression coefficienl β = -0 33 X 10~2

(95% CI -042 X 10~2 lo -0 24 X 1CT2)
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venous thrombosis (de Visser et «/ 1999) Recently Ripoll
et al (1998) mvestigated the etfect of Caeruloplasmin levels
on APC sensitivity in non-factor V Leiden carners An
mverse relationship between Caeruloplasmin and APC
sensitivity ratlos was found but the results were based
on a small study population (n = 83) In another study
with 19 pregnant women without factor V Leiden no
association between Caeruloplasmin and APC sensitivity
was found indicatmg that acquired APC resistance in
pregnancy is not due to elevated Caeruloplasmin levels
(Hung et al 1999)

We examined the effect of Caeruloplasmin levels on APC
sensitivity in a large group of healthy subjects without a
history of venous thrombosis and without factor V Leiden
A modest mverse association (regression coefflcient ß =
-0 33 x IGT2 95% CI -0 42 χ IGT2 to -0 24 x IGT2) was
found between Caeruloplasmin level and the normahzed
APC-SR Women particularly oral contraceptive users had
both an increased Caeruloplasmin level and a decreased
sensitivity for APC compared with men Because both
Caeruloplasmin level and APC ratio were affected by sex and
oral contraceptive use we performed multiple regression
analysis to control for these determmants This adjust-
ment weakened the association between Caeruloplasmin
and the normahzed APC-SR (ß = -0 19 x l O"2 95% CI
-0 34 x IGT2 to -0 05 x IGT2) So sirmlar to Ripoll et al
(1998) we observed an association between caeruloplas-
min level and APC sensitivity However our results
mdicated that the overall association between caeruloplas-
mm and normahzed APC-SR was to a large extent
explamed by an effect of sex and oral contraceptive use on
both APC sensitivity and Caeruloplasmin level After addi-
tional adjustment for factor VIII levels which are known to

mfluence the assay (de Visser et al 1999) the effect of
Caeruloplasmin on the APC sensitivity completely disap-
peared So the overall effect of Caeruloplasmin level on the
normahzed APC-SR was msigniflcant compared with the
effect of factor VIII levels on the assay

In conclusion we saw a modest association between
Caeruloplasmin levels and the normahzed APC-SR which
largely depended on the effects of sex and oral contraceptive
use on both Caeruloplasmin level and APC sensitivity
However the effect of Caeruloplasmin levels on the nor-
mahzed APC-SR was negligible compared with the effect of
factor VIII levels on the APC sensitivity
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