Fluvastin therapy affects TAFI concentration
in kidney transplant recipients
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Abstract Thrombin activatable fibrinolysis inhibitor (TAFI) is a glycoprotein, linking coagulation and
fibrinolysis. Recently, attention has
been drawn to the beneficial effects
of statins on haemostasis in kidney
patients prone to dyslipidaemia and
with a high risk of cardiovascular
death. The purpose of this study was
to assess whether fluvastatin affects
TAFI concentration in renal transplant recipients. We evaluated
thrombin-antithrombin (TAT)
complexes, prothrombin fragments
1 + 2, thrombomodulin, plasminantiplasmin (PAP) complexes,
TAFI, P-selectin, and lipoprotein
(a), I , 2, and 3 months before and
after fluvastatin treatment and in
normolipaemic kidney transplant

recipients and healthy volunteers.
Cholesterol and LDL fell significantly as soon as 1 month after
treatment had begun and remained
lowered during the therapy. TAFI
and prothrombin fragments 1 + 2
decreased significantly after 3
months of fluvastatin administration, whereas P-selectin decreased
significantly after 2 months and remained significantly lower after 3
months of this therapy. We can
conclude that fluvastatin is an effective hypolipaeniic agent that
favourably affects haemostasis.
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lipid profile. It is appreciated that hyperlipidaemia itself
has a deleterious effect on graft function [4]. Treatment
Cardiovascular disease is the leading cause of morbid- with cyclosporin A (CyA) is also associated with the
ity and mortality in uraemic patients undergoing renal increased risk of thrombo-enibolic complications, carreplacement therapy [I]. In kidney transplant recipi- diovascular morbidity, and progression of atheroscleents, the incidence of myocardial infarction is approx- rosis. The importance of hyperlipidaemia and
imately 3-5 times higher than in the general thrombosis in the development of ischaemic heart dispopulation. Some statistics show that even 50-60% of ease is well established. It is possible that prolonged
deaths are directly attributable to cardiovascular dis- hyperlipidaemia may adversely affect haemostasis,
eases [2]. In addition to factors such as hypertension, causing a prothrombotic state. Thrombin Activatable
impaired glucose tolerance, altered calcium levels, Fibrinolysis Inhibitor (TAFI) is a recently discovered
phosphate homeostasis, and a sedentary lifestyle, that glycoprotein that couples two functionally opposite
contribute to the development of vascular disease in systems: coagulation and fibrinolysis [5].It is present in
dialysed patients, there is an increased prevalence of plasma as a proenzyme, which is converted to its active
hyperlipidaemia following renal transplantation [3], form, TAFIa, by thrombin. TAFIa removes COOHwhich further exacerbates the pre-existing atherogenic terminal lysine and arginine residues from fibrin,
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impairing formation of t-PA, plasminogen, and fibrin
complex. It makes plasmin generation less effective [6].
At high concentrations, TAFI is a plasmin inhibitor,
too [6]. Thrombomodulin in adequate concentration
(soluble, as well as in cellular form), which catalyses
the above process, plays the key role in activation of
TAFI by thrombin [7]. HMG-CoA reductase inhibitors
have been proven effective in treatment of hypercholesterolaemia. It has been reported that fluvastatin decreases soluble thrombomodulin concentration in
cardiac transplant recipients [8]. To date there are, as
far as we know, no data on the effect of statins on
TAFI in kidney transplant recipients.

~

~________

Materials and methods
The studies were performed on 12 renal allograft recipients with
hyperlipidaemia (five women, seven men, age range 39-63 years).
The immunosuppressive regimen was CyA (3.1f 1.2 mg/kg b.w.,
CyA trough levels 100-200 ngiml), prednisone (7.5-10 mg daily)
and azathioprine (100-150 mg daily). The patients had been engrafted for a period of 2-8 years. They all maintained sufficient and
stable graft function and showed no clinical signs of rejection. The
local ethics committee approved the study, and informed consent
was obtained from all patients. Inclusion criteria were: hypercholesterolaemia (total cholesterol over 220 mg/dl, LDL over 160 mg/
dl), no inflammation (C-reactive protein within normal range), and
no liver dysfunction (prothrombin time, alanine aminotransferase
within normal range).
Fluvastatin (Lescol, Novartis) was administered at a dose of 20
mg at bedtime for 3 months. Blood was drawn in the morning
between 8.00 and 9.00 a.m. to avoid circadian variation [9]when
patients appeared for routine office assessment after an overnight
fast. Blood was taken without stasis. Venous blood samples were
collected into 3.8% sodium citrate in a 9:l volume ratio. The blood
was centrifuged at 1,900g for 20 min at room temperature to yield
platelet-poor plasma (PPP). Samples were divided into aliquots and
stored at 4 0 "C before assay.
We also studied normolipaemic kidney allograft recipients
(five female, 16 male, age range 29-64 years) They were treated
with the following immunosuppressive regimen: CyA (3.2 i 1.3
mg/kg b.w., CyA trough levels 100-220 ngiml), prednisone (7.510 mg daily), and azathioprine (100-150 mg daily). Time after
renal transplantation ranged from 1.5-10 years. The control
group comprised twelve gender- and age-matched healthy
volunteers.
We evaluated thrombin activity (thrombin-antithrombin
(TAT) complexes, Enzygnost TAT micro, Dade Behring, Germany; prothrombin fragments 1 + 2, Enzygnost F 1 + 2 micro, Dade
Behring) TAFI activator, thrombomodulin (TM) (IMUBIND
thrombomodulin ELISA Kit, American Diagnostica, USA) catalyser of TAFI activation, and the degree of plasmin generation
(plasmin-antiplasmin (PAP) complexes, Enzygnost PAP micro,
Dade Behring), with commercially available kits. We studied TAFI
(TAFI-EIA, Affinity Biologicals, Canada) P-selectin (R&D Quantikine, USA), lipoprotein (a) (Lp(a), Biopool, Umei, Sweden) with
commercially available kits. All the tests were performed according
to manufactures' instructions, by the same person. Total cholesterol, triglycerides, euglobulin clot lysis time, fibrinogen, and albumin concentration were measured by standard laboratory
methods. To make euglobulin lysis time independent of fibrinogen
concentration, we calculated the fibrinolytic activity index (FA1 =
fibrinogen divided by euglobulin lysis time). Statistical analysis was

performed by means of ANOVA or Kruskal-Wallis ANOVA with
post-hoc comparisons. P lower than 0.05 was considered significant.

Results
We found that fluvastatin treatment, with doses of 20
mg daily, taken at bedtime, safely and effectively reduced total cholesterol and LDL cholesterol in kidney
transplant recipients. No adverse effects were observed.
All the results are summarised in Table 1. The control
group showed significantly lower serum lipid levels,
Lp(a), TAFI, prothrombin fragments 1 + 2, TAT, TM,
P-selectin and, significantly, FAI. In normolipaemic
kidney transplant recipients, concentrations of creatinine, triglycerides, TAFI, F1 +2, TAT and TM were
significantly higher than those of healthy volunteers.
Comparing two groups of kidney transplant recipients,
we found that normolipaemic recipients had significantly lower serum lipids, TAFI, and FAI, than did
hyperlipidaemic patients. In kidney transplant recipients, a significant drop in cholesterol, LDL, and triglycerides was found after 1, 2, and 3 months, whereas the
HDL levels did not change significantly during 3 months
of therapy with fluvastatin. Creatinine, serum albumin,
Lp(a), TAT, PAP, and TM concentrations remained
unchanged during fluvastatin treatment. The FA1 increased significantly after 3 months of fluvastatin therapy, indicating an improvement in fibrinolysis, reaching
levels observed in the control group. TAFI and prothrombin fragments 1 + 2 decreased significantly after 3
months of fluvastatin administration, reaching levels
comparable to those of the control group. P-selectin
decreased significantly after 2 months of fluvastatin
therapy and remained significantly lower after 3 months
of this therapy. Concentrations of P-selectin after 2 and
3 months of the treatment with fluvastatin did not differ
significantly from those of the control group.

Discussion
As far as we know, this is the first report concerning
effects of fluvastatin on TAFI concentration in a population of kidney transplant recipients. TAFI, a plasma
zymogene when converted to an enzyme, potently inhibits fibrinolysis [ 5 ] . This indicates that increased levels of TAFI, reported by us previously [lo] (over twice
as high in transplant patients, than in healthy volunteers) and confirmed in this study, may be associated
with an increased risk for thrombosis [ll]. In their
study, Van Tilburg et al. [l 13 found that persons whose
TAFI levels exceeded the 90th percentile remained at
increased risk for thrombosis. Our study [lo, 121 and
previous ones [13, 141 indicate that in kidney allograft
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recipients there is evidence of a higher degree of hypercoagulation as well as higher levels of atherogenic
lipids. Since hypercoagulability has already been confirmed to be an independent risk factor for ischaemic
heart disease, several studies have implicated thrombosis as a complication of kidney transplantation [ 141.
Therefore, a decrease in TAFI by 3 months of treatment of hyperlipidaemia with fluvastatin may suggest
an improvement in fibrinolysis in these patients. It is
unknown at present whether the observed phenomenon
is clinically relevant. To the authors' knowledge, there
are no data on correlations between elevated TAFI
levels and thrombo-embolic complications in kidney
transplant recipients. In our previous study we reported
a significant decrease in TAFI and TM concentrations
in hyperlipidaemic CAPD patients after 6 months of
treatment with simvastatin [151, without any significant
changes in fibrinogen, ECLT and markers of ongoing
coagulation and fibrinolysis, TAT and PAP complexes.
As shown by van Tilburg et al. [ll], most persons with
elevated TAFI antigen exceeding the 90th percentile
(over 122 U/dl) also had elevated plasma levels of some
other factors (fibrinogen, antithrombin 111, prothrombin, protein C). However, none of these was responsible for the risk for thrombosis associated with elevated
TAFI levels. In our study we assessed only fibrinogen
and found no changes in its concentration during fluvastatin therapy.
Prothrombin fragments 1 + 2, a marker of thrombin
generation, is strongly associated with an increased risk
of cardiovascular events and adverse clinical outcome
[16]. We found a significant decrease in F 1 + 2 after 3
months of fluvastatin therapy, in kidney transplant recipients, similar to the results obtained by Joukhadar et
al. [17], who reported a significant decrease in F1+ 2 in
hypercholesterolaemic patients following 3 months of
simvastatin administration. We did not observe any
changes in TAT complexes, a marker of intravascular
thrombin generation, or in PAP complexes, a marker of
the activity status of the fibrinolytic system. This was
probably due to a wide range of TAT and PAP values.
We measured ECLT, which reflects overall fibrinolytic
activity. It depends also on the balance between
plasminogen activators and inhibitors. To make it independent of fibrinogen, we calculated the FAI. This
increased after 3 months of fluvastatin therapy, indicating improvement in fibrinolysis, usually impaired in
kidney transplant recipients [ 181. Another interesting
finding in our study was a significant decrease in P-selectin concentration after 2 and 3 months of fluvastatin
treatment. Soluble P-selectin has been hypothesised to
play a role in the initiation of atherosclerosis [19], a
common finding in kidney transplant recipients. On the
other hand, P-selectin, though it may be derived from
either platelets and/or endothelium [20], has potential as
a new marker of platelet activation [21]. Platelet activity
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is enhanced in hypercholesterolaemia and may be a
crucial factor in the pathogenesis of atherosclerotic lesion formation, and at least partially in the occurrence of
cardiovascular events [22]. Activated platelets tend to
aggregate and are found close to atherosclerotic plaques
[23]. As we have shown previously [24], platelet hyperactivity and hypercholesterolaemia are common findings
in kidney transplant recipients. This remains a common
problem following successful engraftment. It has been
reported that fluvastatin and other statins reduce platelet activity in hypercholesterolaemia [22, 251, therefore, a
significant decrease in P-selectin following fluvastatin
treatment may suggest a decrease in platelet hyperactivity and/or amelioration in endothelial dysfunction.
Ambrosi et al. [S] reported a decrease in soluble TM in
cardiac transplant recipients after 4 weeks of fluvastatin
therapy. In our study we did not observe such a significant change in TM concentration in kidney transplant
recipients following 3 months of fluvastatin administration. It could be due to the fact that we administered
20 mg of fluvastatin, instead of 40 mg as in the study of
Ambrosi et al. [8]. However, we performed a longitudinal study, not a crossover one, as they did. [S], Furthermore, we assessed TM concentration using a
commercially available kit from American Diagnostica,
USA, not with one from Diagnostica Stago, France, and
we obtained levels that were 9-10 times lower than those
obtained by Ambrosi et al. [S]. In our study, all the
patients were on triple immunosuppressive regimen
comprising CyA, azathioprine, and prednisone, whereas
in the previously cited study [S] all the cardiac transplant
recipients received CyA; some of them were also given
azathioprine (12 of 20), and 8 of 20 were administered

prednisone. Ambrosi et al. do not state at which doses
these drugs were administered.
Patients were enrolled in this study on the basis of
having cholesterol levels over 240 mg%. We chose fluvastatin bearing in mind that the use of other HMGCoA reductase inhibitors had been limited in the past,
due to potentially serious drug interactions with cyclosporine. In our patients, mean CyA levels remained
constant throughout the study, and adverse effects were
not observed. We found a significant reduction in cholesterol, LDL, and triglyceride levels without any significant changes in HDL, in kidney allograft recipients
following short-term fluvastatin administration. Similar
data were published by Goldberg and Roth [26], but
they did not find any changes in triglyceride level after
14 weeks of fluvastatin administration. Lp(a), a cholesterol-carrying lipoprotein that is like LDL, is reported to
be an independent risk factor for coronary heart disease
[27] and is increased in kidney allograft recipients [12].
Its homology with plasminogen may predispose to
thrombosis. In our study, Lp(a) concentrations were not
influenced by short-term fluvastatin therapy. It has been
observed that both sinivastatin and lovastatin also did
not alter Lp(a) levels in kidney allograft recipients [28].
We conclude that our study has theoretical and
practical implications, since fluvastatin effects on TAFI,
prothrombin fragments 1 + 2, fibrinolytic activity, and
P-selectin in kidney transplant recipients, might, besides
lowering cholesterol and triglycerides, improve atherogenic and thrombogenic tendencies in this population.
Whether these changes are of clinical significance (reduction in the morbidity and mortality of vascular disease) remains to be investigated.
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