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Abstract

Background: Fetuin-A is a negative acute-phase protein,
which acts as a potent calcification inhibitor and an antago-
nist of transforming growth factor-B. Thus, fetuin-A levels
are influenced by chronic inflammation and actively affect
fibrosis and calcification processes, respectively. Graft rejec-
tion, interstitial fibrosis and tubular atrophy, chronic inflam-
mation and calcification are common causes for kidney al-
lograft loss. This study evaluated whether pretransplant fe-
tuin-A levels predict long-term graft survival and rejection
episodes in patients after kidney transplantation. Methods:
In 206 renal transplant recipients pretransplant fetuin-A lev-
els were measured in serum by ELISA. During the 36 months’
active follow-up (median 1,249 days) 13 patients died (94%
patient survival) and renal allograft failure was reported in
18 patients (91% graft survival). Results: Pretransplant fe-
tuin-A levels did not differ among patients with incident
graft failures as compared to patients with functional graft
after long-term follow-up or rejection episodes (fetuin-A:
393.6 £ 46 vs.384.4 £ 69 vs. 405 = 274 pg/ml). In logistic
regression analysis, pretransplant fetuin-A levels did not cor-

relate with graft failure after 3 years' follow-up (p = 0.895). In
COX regression analysis, fetuin-A levels were not associated
with the time to graft loss. Moreover, fetuin-A levels corre-
lated neither with renal and metabolic parameters nor with
cellular or humoral rejection episodes. Conclusion: Pretrans-
plant levels of fetuin-A are not a predictor for renal allograft
loss or rejection episodes after 36 months’ follow-up in

transplant recipients. Copyright © 2011 S. Karger AG, Basel

Introduction

Kidney transplantation is the best therapy available
for most patients with end-stage renal disease. However,
thelength of kidney allograft survival is frequently short-
er than that of the recipient. Several causes for kidney al-
lograft failure have been identified, e.g. graft rejection,
interstitial fibrosis and tubular atrophy (IF/TA), chronic
inflammation, in some cases also calcification of the al-
lograft [1-4]. Thus, efforts should be made towards im-
provements in long-term allograft survival [5, 6]. Innova-
tive risk-identifying strategies are still an unmet medical
need in order to improve pretransplant risk evaluation
and subsequent efforts to prevent allograft loss.
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Fetuin-A is a liver-derived negative acute-phase pro-
tein present in all extracellular fluids [7]. Owing to its
high affinity for calcium phosphates, fetuin-A accumu-
lates in the mineralized bone matrix, in atherosclerotic
plaques, and in pathologically mineralized tissues [8, 9].
Fetuin-A binds to multiple ligands, including the fibro-
genic growth factor TGF-@, thus acting as a soluble re-
ceptor-like antagonist of TGF-{ actions [10]. It could be
demonstrated that incubation of fetuin-A with hepatic
stellate cells significantly inhibited collagen synthesis in
hepatic stellate cells, potentially linking fetuin-A as an
antifibrotic agent and cytokine antagonist [10, 11].

Hemodialysis patients have lower levels of fetuin-A
than age- and sex-matched controls and lower fetuin-A
concentrations are associated with increased vascular
calcifications and enhanced mortality from cardiovascu-
lar disease in patients with end-stage renal disease [12,
13]. However, little data exist on fetuin-A in kidney trans-
plant recipients. Recently, it was demonstrated that fe-
tuin-A levels increased after kidney transplantation along
with the improvement of endothelial functions [14]. A
small study (n = 30) did not demonstrate an association
between fetuin-A levels and allograft rejection [15]. The
effect of pretransplant fetuin-A serum levels on allograft
outcome, rejection episodes and long-term follow-up has
not been elucidated in a large patient cohort. Regarding
the various features of fetuin-A in terms of being down-
regulated during inflammation [16], inhibiting calcifica-
tion and fibrosis [4, 10, 11], it may be speculated that pre-
transplant fetuin-A serum levels predict allograft out-
come and rejection episodes. Therefore we investigated
the relationship between fetuin-A levels prior to kidney
transplantation and outcome 3 years after transplanta-
tion in 206 patients.

Patients and Methods

Patients. Two hundred and six patients were enrolled in this
study as previously described [17]. Briefly, all patients were trans-
planted with kidney (n = 194) or kidney/pancreas (n = 12) allo-
grafts in a consecutive series from May 2001 to June 2004 in the
University Hospital Essen, Germany, of whom 174 (84%) were
transplanted with a kidney from a deceased donor and 32 (16%)
patients received an allograft from a living donor. Pediatric trans-
plantations and combined kidney/liver transplantations were ex-
cluded. Primary kidney diseases of the patients enrolled were glo-
merulonephritis (n = 75), cystic kidney disease (n = 29), diabetes
mellitus type I and IT (n = 20), intestinal nephritis (n = 20), renal
vascular disease (n = 13), and other diseases (n = 49). Sixty-three
patients were treated with cyclosporine (CsA, 100-150 ng/ml
whole blood through level, tested by FPIA Abbott TDx monoclo-
nal assay; Abbott Laboratories Ltd., Wiesbaden, Germany) and
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136 patients with tacrolimus (4-10 ng/ml whole blood through
level, tested by Abbott Imx tacrolimus assay). A total of 109 pa-
tients received MMF in combination with tacrolimus and 56 pa-
tients in combination with CsA. Additionally, all but 4 patients
received prednisone prior to transplantation; antithymocyte
globulin was given to 8 patients, combined with tacrolimus or
MME. Renal function after transplantation was estimated by
measuring serum creatinine on days 10, 90, 180, 360 and 720. To
correct renal function for differences in patient age and weight,
the creatinine clearance was calculated using the Cockcroft and
Gault [18] formula. HLA typing of patients and donors was per-
formed by serology or polymerase chain reaction using sequence-
specific primers for the HLA-A, HLA-B, DR, and DQ loci as pre-
viously described.

Rejection. Occurrence of rejection episodes and the loss of al-
lograft function were recorded. In total, 13 patients died within 3
years after transplantation. Patients who died with a functioning
allograft (n = 9) were excluded from survival analysis. Clinically
manifested rejections were observed in 47 patients, of whom 10
patients developed two or more rejection episodes. Rejections
were confirmed by renal biopsies in 43 patients. The biopsies re-
vealed humoral rejections in 12 patients and cellular rejections
were diagnosed in 31 patients, of whom 5 patients had cellular
vascular and 26 patients had cellular interstitial rejections. Only
biopsy-proven rejections were included in the correlation and
survival analyses. The loss of allograft function was generally his-
tologically diagnosed in all patients concerned.

Clinical Chemistry. Fetuin-A levels were measured with ELISA
according to the manufacturer’s instructions (BioVendor). The
intra- and interassay coefficients of variation were both <5.0%.

Statistics. The correlation between isolated parameters was es-
timated by Spearman’s correlation coefficient. The Mann-Whit-
ney U test was used to compare two groups. Data are expressed as
means £ SD, p<0.05 was considered significant. Statistical anal-
yses were performed with SPSS software version 15.0 (SPSS Inc.,
Chicago, Ill., USA).

Results

Pretransplant clinical and demographic characteris-
tics of the patients are presented in table 1. In total, 206
patients were included in this study and active follow-up
was conducted for a median of 1,249 days (interquartile
range 1,020-1,445 days). The follow-up data revealed a
94% patient survival (13 patients died). Nine patients died
with a functioning allograft and were therefore excluded
from the survival analysis. In the remaining group of 197
patients, 18 patients (9%) experienced graft failure within
2 years after transplantation: 12 patients failed due to re-
jections, failure due to allograft venous thrombosis oc-
curred in 2 cases, and donor-associated problems led to
failure in another 2 patients. Finally, 2 patients failed due
to technical problems. Total fetuin-A level was 404 (375-
426) pg/ml. Pretransplant fetuin-A levels did not differ
among patients with incident graft failures as compared
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Table 1. Patient characteristics and demographics

Parameter Total Patients with Patients with-  p Patients with- ~ Patients with p
graft failure out graft failure value out rejection  rejection value
Patients, n 206 (100) 18 (8.7) 188 (91.3) 163 (79.2) 43 (20.8)
Age, years® 48 (31-65) 47.5 (36-65) 48 (37-60) 0.60 50 (39-61) 44 (31-54)  0.014
Male, n 130 (63.1) 12 (5.8) 118 (57.3) 105 (51) 25 (12.1)
Female, n 76 (36.9) 6(2.9) 70 (34) 58 (28.2) 18 (8.7)
Fetuin-A, pg/ml* 404 (375-426) 401 (375-425) 404 (386-417) 0.92 404 (385-417) 404.6 (394-426) 0.13
Cold ischemic time, h? 15 (10-21) 15 (14-20.25) 16 (10-20) 0.23 16 (10-20) 15(8.25-21) 0.87
Donor age, years® 48 (37-70) 58.5 (46-70) 48 (37-58) 0.013 48 (38-59) 53 (40-59) 0.38
Kidney transplantation, n 194 (94.2) 18 (8.7) 176 (83.5) 151 (73.3) 43(20.9)
Kidney and pancreas, n 12 (5.8) - 12 (5.8) 12 (5.8) -
First transplantation, n 164 (79.6) 8(3.9) 156 (75.7) 130 (63.1) 34 (16.5)
Retransplantation, n 42 (20.4) 10 (4.9) 32 (15.6) 33 (26.1) 9(4.4)
Transplantation from living donor, n 32 (15.5) - 32 (15.5) 23(11.2) 9 (4.4)
Transplantation from deceased donor, n 174 (84.5) 18 (8.7) 156 (75.8) 140 (68) 34 (16.5)
Patients with HLA-MM cadaveric, n 107 (52) 7 (3.4) 100 (48.5) 103 (50) 24 (11.7)
Patients with HLA-MM living, n 21(10.2) 1(0.5) 20 (9.7) 18 (8.7) 3(1.4)
PRA <5%, n 186 (90.3) 15 (7.3) 171 (83.0) 148 (71.9) 38 (18.4)
PRA >5%, n 20 (9.7) 3(1.4) 17 (8.3) 15(7.2) 5(2.5)
Immunosuppression
CsA + MMF, n 56 (100) 4(7) 52 (93) 52 (93) 4(7)
CsA, n 7 (100) 1(14.3) 6 (85.7) 6 (85.7) 1(14.3)
Tacrolimus + MMF, n 109 (100) 6 (5.5) 103 (94.5) 103 (94.5) 6 (5.5)
Tacrolimus, n 27 (100) 5(18.5) 22 (81.5) 22 (81.5) 5(18.5)
Other, n 7 (100) 2(28.6) 5(71.4) 5(71.4) 2(28.6)
Patient’s death within 2 years
posttransplant, n 13 (100) 4(30.8) 9 (69.2) 9 (69.2) 4(30.8)

Figures in parentheses are percentages. * Data are presented as median (interquartile range).

to patients with a functional graft after long-term follow-
up, 401 (375-425) versus 404 (386-417) pg/ml, or rejec-
tion episodes versus without rejection episodes, 404
(385-417) versus 404.6 (394-426) pg/ml (p = n.s.). Pa-
tients with graft failure received their organs from older
donors compared to patients without graft failure (p =
0.013). Moreover, patients without rejections were signif—
icantly older than patients with a rejection episode (p =
0.014).

In logistic regression analysis, pretransplant fetuin-A
levels did not significantly predict graft failure after 3
years’ follow-up (p = 0.895). We further investigated in
COX regression analysis whether fetuin-A levels were as-
sociated with the time point (in days) of allograft loss. For
the total study population the results were not significant
(p = 0.89, HR 0.999, CI 0.992-1.007), nor when stratified
for sex (men: p = 0.74, HR 1.002, CI 0.990-1.014, women:
p =0.48, HR 0.997, CI 0.998-1.006).

In order to evaluate pretransplant associations be-
tween fetuin-A levels and metabolic and renal parame-
ters, analysis with Spearman correlation coefficients was
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performed (table 2). In this study population, pretrans-
plant serum fetuin-A levels did not significantly correlate
with metabolic markers such as HDL cholesterol, LDL
cholesterol, total cholesterol, triglycerides, fasting glu-
cose, adiponectin and the body mass index. Moreover,
glomerular filtration rate (GFR) on days 90, 180 and 360
after transplantation, respectively, did not correlate sig-
nificantly with pretransplant fetuin-A values. Moreover,
there was neither a clinically relevant nor a statistically
significant correlation between delta GFR (90-720) and
fetuin-A levels (r = 0.016, p = 0.84).

We then correlated fetuin-A levels with the occurrence
of rejection episodes (p = n.s.). The average fetuin-A level
in nonrejectors was 392.9 pg/ml and in patients with re-
jection 404 pg/ml (p = 0.13). No significant correlation
was observed for the association of fetuin-A levels and the
general occurrence of rejection episodes, as well as for
cellular and humoral rejection episodes, respectively (p =
n.s.). No association was found when rejection-associated
graft loss was correlated with pretransplant fetuin-A se-
rum levels (p = n.s.).
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Table 2. Associations of fetuin-A with metabolic and renal pa-
rameters

Parameters Serum fetuin-A
i p
CRP, mg/dl 0.83*x1.13 0.019 0.82
HDL cholesterol, mg/dl 41.96 £11.86 0.186 0.40
LDL cholesterol, mg/dl 112.52%£26.19 -0.318 0.16
Total cholesterol, mg/dl 181.24 £37.84 0.066 0.67
Triglycerides, mg/dl 176.93+105.02  0.061  0.70
Fasting glucose, mg/dl 111.70 £50.72 0.150 0.13
Adiponectin, U/ml 47.70 £ 40.95 0.122 0.08
Body mass index 244+38 0.019 0.79
Kidney survival, days 1,140 £375 0.122 0.09
GEFR after 10 days, ml/min 43.5%26.5 -0.087 0.23
GEFR after 90 days, ml/min 58.1+21.9 -0.007 0.92
GFR after 180 days, ml/min 57.1x21.1 -0.034 0.65
GEFR after 360 days, ml/min 56.6%£19.7 -0.017 0.82
GFR after 720 days, ml/min 55.0%£19.0 0.043 0.57

All values are means * SD unless indicated otherwise.

Discussion

To the best of our knowledge, this is the first study to
evaluate the influence of pretransplant serum fetuin-A
levels on kidney allograft outcome and rejection (includ-
ing cellular and humoral) episodes in a large study popu-
lation of 206 kidney transplant recipients and a long-term
follow-up of 3 years. This study demonstrates that pre-
transplant fetuin-A levels are not a predictor for long-
term graft survival in renal transplant recipients. More-
over, fetuin-A serum levels were not associated with bi-
opsy-proven rejection episodes in our study population.

In general, renal allograft loss is the consequence of
cumulative damage from a series of time-dependent
stressors and factors [19] and there is considerable evi-
dence that IF/TA, chronic inflammation and calcifica-
tion processes are crucial risk factors for allograft failure
[1-4].

Over the last decade fetuin-A has emerged as one of
the most potent calcification inhibitors in serum [20].
Low fetuin-A levels were found to be related to increased
vascular calcifications in dialysis patients and to calcific
uremic arteriolopathy [20, 21], leading to higher overall
cardiovascular mortality. One part of the relation be-
tween low fetuin-A levels and increased mortality ap-
peared to be explained by the potential down-regulation
of fetuin-A in inflammatory states [22]. Recently, a nega-
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tive association between serum fetuin-A levels and con-
centration of the inflammatory cytokines IL-1@3, IL-6 and
tumor necrosis factor-a in chronic kidney disease and
hemodialysis patients could be demonstrated [23]. This
supports the hypothesis of inflammation-dependent
down-regulation of fetuin-A expression. Moreover, it
could be shown that fetuin-A administration inhibits the
synthesis of tumor necrosis factor-a in a model of acute
inflammation [24], and inflammation is an independent
predictor of renal allograft loss [25, 26].

Surprisingly, our results could not prove an associa-
tion between pretransplant fetuin-A serum levels and re-
nal allograft failure after a 36-month follow-up. From the
multifactorial actions of fetuin-A in terms of being in-
volved in inflammatory and fibrotic processes, we would
have expected lower fetuin-A levels in patients with graft
failure and also rejection episodes.

One possible explanation for our findings could be the
fact that fetuin-A levels may decrease after a single hemo-
dialysis session [27]. Blood samples for this study were
collected without taking into account the time points of
dialysis treatment. Hence, possible dialysis sessions could
have manipulated fetuin-A levels in this study, which
might also explain the lack of an association between pre-
transplant serum fetuin-A and C-reactive protein (CRP)
levels (table 2), as a marker for chronic inflammation.
Moreover, fetuin-A levels are known to respond to phar-
macological interventions, e.g. treatment with the phos-
phate binder sevelamer increased fetuin-A levels [28]. No
data were available for the time point of phosphate bind-
er intake, so that we, here again, cannot exclude possible
confounders like calcium-phosphate medication in in-
fluencing fetuin-A levels.

Fetuin-A has been shown to act as a soluble receptor-
like antagonist of TGF-@ actions [10]. Incubation of fe-
tuin-A with hepatic stellate cells significantly inhibited
collagen synthesis in hepatic stellate cells, potentially
linking fetuin-A as an antifibrotic agent and cytokine an-
tagonist [10, 11]. IF/TA are well-recognized reasons for
chronic allograft failure. We have speculated to find low-
er fetuin-A levels in patients with allograft failure after a
36-month observation period. A possible explanation for
our negative finding is the reason of the 18 graft losses in
this study. The majority was due to rejection episodes
(n = 12). No patient lost his graft due to histologically
proven IF/TA. Thus, our study cannot exclude a possible
association between fetuin-A levels and IF/TA. Further
investigations are warranted potentially focusing on an
association between fetuin-A levels and histological find-
ings of chronic allograft failure and IF/TA especially.
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Although fetuin-A is negatively associated with in-
flammatory cytokines, we could not observe an associa-
tion with biopsy-proven rejection episodes. Our results
are in line with a previously published study, which could
not see an association between fetuin-A levels and any
histological findings at 3 months [15]. Again possible
confounders might have influenced fetuin-A levels, thus
making it impossible to detect a significant association
between rejection episodes and pretransplant fetuin-A
levels.

In addition, in contrast to recent studies [12, 13], in the
present study no relation was seen between serum fetuin-
A concentrations and CRP. Possibly, the lower level of in-
flammation in our study compared with earlier studies
might play a role. Moreover, the lack of a significant dif-
ference may be due to the lower sample size of our study
(n =206 vs. 312) and the fact that CRP values of each pa-
tient were not available (n = 155).

Our study has some limitations. First, parameters
such as fetuin-A and CRP levels were only assessed at a
single point in time instead of having time-averaged val-
ues. Second, as already mentioned above, several con-
founders may have potentially influenced the regulation
of such an acute-phase protein as fetuin-A and therefore
the outcome of this study. The magnitude of inflamma-
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