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Introduction

Summary

Increased serum C-reactive protein (CRP) levels have been associated with
all-cause and cardiovascular mortality after kidney transplantation. As genetic
variations within the CRP gene determine CRP serum levels, we analyzed the
association of both serum CRP levels, and post-transplant morbidity/mortality
with CRP-genotypes/haplotypes. We determined CRP levels pretransplant, at 3
and 6 months post-transplant in 402 first kidney recipients, genotyped the
three functionally distinct polymorphisms, and subsequently reconstructed the
different haplotypes. Four different CRP-haplotypes were observed with a fre-
quency >1%: CGC (33.3%), CGT (30.2%), CAT (29.7%) and GGT (6.8%).
CRP levels pretransplantation or 3 and 6 months post-transplant were not dif-
ferent in patients with different CRP-haplotypes. Furthermore, no association
of CRP-haplotypes/diplotypes was found with acute rejection, delayed graft
function, all-cause mortality or cardiovascular events. In our renal transplant
population, we found no association of CRP-haplotypes/diplotypes with either
CRP levels or with post-transplant morbidity/mortality. In this inflammation-
prone population, rather small genetically determined differences in serum
CRP observed in normal populations presumably are overridden by back-
ground inflammation. Life long genetically determined increased serum CRP
levels appear not to have an impact in our study, implying that CRP is more
likely only a marker of current inflammation than a causative agent of cardio-
vascular morbidity and mortality.

and progression of chronic allograft dysfunction have
increasingly come into the focus of interest. At present,

The gold standard in the treatment of end stage renal dis-
ease is renal transplantation. As a result of improvements
in immunosuppressive regimens, 1 year graft survival
rates >90% have been achieved both in clinical trials, and
also in routine clinical practice [1-3]. Beyond early com-
plications within the first year after transplantation, such
as allograft rejection and infection, accelerated vasculopa-
thy with consecutive cardiovascular disease and initiation

nearly 50% of all transplanted patients die with a func-
tioning graft, the vast majority because of cardiovascular
diseases [4].

Local vascular inflammation is an important factor in
the pathogenesis of atherosclerosis in renal transplant
recipients [5-8], and C-reactive protein (CRP) may be a
valuable marker of this process [9,10], with ample
data showing that increased CRP is predictive of
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cardiovascular endpoints in healthy individuals, dialysis
patients or after renal transplantation [11-16], (Debler J,
personal communication). There is some evidence for a
causal role of CRP in the development and maintenance
of atherosclerosis and in metabolic syndrome phenotypes
[17-19]. However, a recent study appears to disprove a
causal role of CRP for the latter, using a mendelian
randomization by CRP genotype design [20]. This study
technique is analogous to a randomized trial with
randomization to a certain genotype occurring at
conception. Such an approach appears justified in light
of evidence that CRP genotype is associated with serum
CRP levels [21,22].

Therefore, we used a similar approach to examine the
potential causative role of life-long increased CRP values
on cardiovascular end points, as well as on graft function
in a renal transplant population.

Methods

Transplant population

We included 402 consecutive patients that received their
first renal transplant at the transplantation center at the
University of Regensburg between 1995 and 2007, com-
prising about 95.5% of all patients within that period;
with a mean follow-up of 49.5 + 37.8 months. Demo-
graphic data for donor and recipient age and sex, human
leukocyte antigen-mismatch (HLA-MM), panel reactive
antibodies (PRA), cold ischemia time (CIT), immunosup-
pressive therapy, presence of rejection episodes, laboratory
values, clinical examinations and graft survival were
determined prospectively. CRP values were determined
prior to transplantation, at 3 months and at 6 months
after transplantation.

Standard immunosuppressive regimen included a calci-
neurin inhibitor (cyclosporine A or tacrolimus), a prolif-
eration inhibitor (mycophenolate mofetil or azathioprine)
and steroids. In cases of high immunological risk (e.g.
high levels of PRA), induction by either polyclonal antith-
ymocyte globulins or monoclonal anti-CD25 antibodies
was followed by a standard maintenance immunosuppres-
sive treatment.

The Internal Review Board approved the study and
written consent was obtained at the time of enrollment.

Genotyping

For determination of the different polymorphisms, we
used genomic DNA extracted from peripheral white
blood cells using a standard salting out procedure. We
selected the following CRP single nucleotide polymor-
phisms (SNP) at positions 641 (C641G; dbSNP:
rs1800947), 988 (G988A; dbSNP: rs1130864) and 1846
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(G1846A; dbSNP: rs1205) relative to transcriptional
start site on the basis of published work, indicating
their involvement in the regulation of plasma CRP con-
centrations [20,22-24], and they were analysed using
the ABI Prism 7900HT Sequence Detection System®
(Applied Biosystems, Darmstadt, Germany) by Tagman
PCR. Haplotype reconstruction, i.e. the alignment of
the three polymorphisms on one DNA-strand, from
population genetic data was performed using the
PHASE Standard analysis software (Version 2.1), as pre-
viously described [25]. PHASE wuses Gibbs sampling,
which is a type of Marcov chain/Monte Carlo algo-
rithm [26,27].

To examine the net effect of both of a patient’s haplo-
types on graft and cardiovascular outcome, we deter-
mined the patients’ diplotype and, to enable reliable
statistical testing with acceptable numbers per group,
formed diplotype groups, as described previously by
Timpson et al. for evaluation of CRP haplogenotype [20]:
groups 0, 1 and 2 corresponded to any carriage of haplo-
type GGT (excluding CAC/GGT heterozygotes), any car-
riage of haplotype CAC (excluding CAC/GGT
heterozygotes) and any other haplotype (including CAC/
GGT heterozygotes) respectively (Table 4).

Endpoints

All end points were determined prospectively.

Cardiovascular events

Myocardial infarction, malignant ventricular arrhythmias,
acute cardiac failure or any cardiac intervention
(PTCA+/- stent or surgical revascularization), cerebral
ischemia or intracerebral haemorrhage, peripheral ampu-
tation or peripheral vascular intervention or death caused
by one of these events was defined as cardiovascular
event.

Acute rejection and delayed graft function, graft survival
and renal function

Acute rejection was diagnosed by allograft biopsy in
>95% of cases or was defined by an increase in creatinine
level by 30% or more from baseline, not attributable to
other causes, with subsequent return to baseline after
treatment with pulse steroids in the remainder. Episodes
of acute rejection were primarily treated with a pulse ste-
roid therapy over 3 days, followed by an ATG treatment
in steroid resistant cases.

Delayed graft function (DGF) was defined as need for
dialysis within the first 7 days [28]. Graft survival was
defined as recipient survival with a functioning renal
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transplant (i.e. censoring for death). Glomerular filtration
rate was estimated by the abbreviated formula of MDRD,
as suggested by the K/DOQI Group [29].

Analysis of CMV infection

Cytomegalovirus (CMV)-load was routinely measured by
PCR. The frequency of measurement varied depending on
time after transplantation, from weekly in the first
4 weeks to every month or less thereafter. CMV infection
was assumed, if serum CMV-PCR was found positive
(cut-off level 10°-10° copies/ml). CMV risk was assumed,
if the donor was CMV IgG positive and the recipient
CMV IgG negative. CMV prophylaxis with ganciclovir/
valganciclovir was used in patients with a CMV risk con-
stellation for a 3-month period post-transplant.

Statistical analysis

Results are expressed as mean * SD, unless stated other-
wise. Comparisons of continuous variables between
groups were performed by nonparametric tests and of
categorical variables by two-sided chi-squared or two-
sided Fisher’s Exact test where applicable. Categorical
variables were tested for potential confounding covariates
(acute rejection, delayed graft function, recipient age, gen-
der, living donor, CIT, HLA-MM, PRA, donor age or
duration of dialysis) by uni- and multivariate logistic
regression analysis. CRP was not normally distributed.
Thus, we used log), transformed CRP for comparing
means and for regression analyses.

Survival analysis was performed by the Kaplan—Meier
method comparing groups using the log-rank test, and by
Cox regression modelling. The time variable was time
from transplantation. Endpoints were graft survival, all
cause mortality (‘death with functioning graft’) and car-
diovascular event/death. To correct for different con-
founders, we adjusted to the following covariates:
cardiovascular event prior transplantation, diabetes mell-
itus, recipient and donor age, gender, donor type (living
or cadaveric donor), CIT, acute rejection, delayed graft
function, duration of dialysis, and HLA-MM. P < 0.05
was considered as statistically significant. Statistical analy-
sis was performed with the SPSS® Version 14.0 software
package (SPSS Inc. Chicago, IL, USA).

Results

Demographic data according to gender are presented in
Table 1 and did not differ with respect to mean recipient
age and gender, donor age, CIT, living donor, HLA-MM,
PRA, body mass index (BMI), immunosuppressive ther-
apy, renal function at 3 and 6 months (creatinine clear-
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Table 1. Demographic and clinical data according to gender (females
N =126, 31.3% and males N = 276, 68.7%).

Females Males P-value
Mean recipient age (years) 49.1 £ 14.1 51.4 +13.7 0.13
Donor age (years) 51.2+ 150 50.5+ 16.1 0.72
Living donor (n) 29 (23.0%) 59 (21.4%) 0.40
Body mass index (kg/m?) 254 +4.7 26.1 +£3.9 0.12
Duration of dialysis (months) 492 + 33.4 48.2 + 32.5 0.79

Patients on dialysis 116 (92.1%) 262 (94.9%) 0.49

(prior TX) (n)

CIT (h) 11.8+7.4 122 +7.5 0.62
HLA-MM (n) 25+16 26+1.8 0.95
PRA (%) 22+113 09+6.4 0.13
DGF (n) 17 (13.5%) 48 (17.4%) 0.20
ARE (n) 45 (35.7%) 100 (36.2%) 0.51
CVD (prior Tx) (n) 15 (11.9%) 84 (30.4%) <0.001
DM (prior Tx) (n) 11 (8.7%) 64 (23.2%) <0.001
AH (prior Tx) (n) 118 (93.7%) 263 (95.3%) 0.32
Hyperchol (prior Tx) (n) 51 (40.5%) 100 (36.2%) 0.24
CMV risk constellation (n) 29 (23.0%) 70 (25.4%) 0.71

CMV infection (n)
CreaCl at 3 months (ml/min)
CreaCl at 6 months (ml/min)

50 (39.7%)
45.0 + 21.3
46.6 + 22.3

100 (36.2%) 0.29
464+ 180 034
456 +£19.0 0.62

Data are given as absolute numbers (percentage) or mean + SD.

CIT, cold ischemia time; HLA-MM, HLA-mismatch; PRA, panel reactive
antibodies; ARE, acute rejection episodes; DGF, delayed graft func-
tion; CVD, cardiovascular disease; DM, diabetes mellitus; Hyperchol,
hypercholesterolemia; CreaCl, creatinine clearance; AH, arterial hyper-
tension.

ance), duration of dialysis or pre-emptive transplantation,
CMV infection or CMV risk, presence of hypertension,
hypercholesterolemia. Diabetes mellitus at the time of
transplantation and the occurrence of cardiovascular dis-
ease prior to transplantation were significantly higher in
males in comparison to females.

CRP gene polymorphism allele frequency

Allele frequency distribution of the three SNP’s is shown
in Table 2. For all polymorphisms, our population did
not deviate from Hardy—Weinberg equilibrium, which
makes a selection bias unlikely. The allele frequencies cor-
respond closely to previously published and unpublished
data [20], (C. A. Boger, personal communication). Results
of haplotype reconstruction estimation are shown in
Table 3. The observed frequencies are not different to the
frequencies estimated by PHASE. Haplotypes 5 and 6
(CAT/GGC, each n = 0) were not estimated to be present
in the cohort. As it is biologically plausible to examine
the net effect of both of a patient’s haplotypes on out-
come, we determined the patients’ diplotype (Table 4)
and allocated them to diplotype groups as detailed in the
method (‘genotyping’) section.
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Table 2. CRP gene polymorphism allele frequency distribution.

Major allele Minor allele Minor allele
(homozygote) Heterozygote (homozygote) frequency P-value*
All rs1800947 350 (87.1%, CC) 49 (12.2%, CQG) 3(0.7%, GG) 0.07 0.42
rs1130864 200 (50.6%, GG) 157 (39.6%, GA) 39 (9.8%, AA) 0.30 0.34
rs1205 156 (38.8%, GG) 194 (48.3%, GA) 52 (12.9%, AA) 0.37 0.52
Female rs1800947 112 (88.9%, CC) 12 (9.5%, CG) 2 (1.6%, GG) 0.06 0.07
rs1130864 62 (50.0%, GG) 48 (38.7%, GA) 14 (11.3%, AA) 0.31 0.30
rs1205 50 (39.7%, GG) 60 (47.6%, GA) 16 (12.7%, AA) 0.37 0.85
Male rs1800947 238 (86.2%, CC) 37 (13.4%, CG) 1(0.4%, GG) 0.07 1.00
rs1130864 138 (50.7%, GG) 109 (40.1%, GA) 25 (9.2%, AA) 0.29 0.66
rs1205 106 (38.4%, GG) 134 (48.6%, GA) 36 (13.0%, AA) 0.37 0.61
*Pearson’s chi-squared test for deviation from Hardy-Weinberg equilibrium.
Table 3. Haplotype reconstruction estimation using PHASE software (Version 2.1).
Haplotype Allele at Allele at Allele at Estimated Standard Observed
number 1800947 rs1130864 rs1205 frequency error frequency
1 C G C 0.333 0.0019 0.333
2 C G T 0.302 0.0005 0.302
3 C A C 0.297 0.0019 0.296
4 G G T 0.068 0.0002 0.068
5 C A T 0.0001 0.0005 0
6 G G C 0.00003 0.0002 0

Table 4. CRP gene diplotype frequency and diplotype group alloca-
tion. Diplotype group allocation was performed as detailed in Meth-
ods (‘Genotyping’).

CRP

CRP diplotype n =402
diplotype group (%)

0 1-4 22 (5.5)
0 3-4 8 (2.0)
0 4-4 3(0.7)
1 1-1 49 (12.2)
1 1-3 68 (16.9)
1 2-4 19 (4.7)
1 3-3 39(9.7)
2 1-2 80 (19.9)
2 2-2 30 (7.5)
2 2-3 84 (20.9)

CRP value by genotype

To determine the dependency of serum CRP on CRP
genotype, we grouped patients with CRP diplotypes as
described in Table 4. There was no significant difference
in CRP levels among the three genetic groups, between
males and females or among the three genetic groups
within each gender, at the time of transplantation as
well as at different time points (3 and 6 months)

© 2008 The Authors

post-transplant, even after exclusion of probable inflam-
matory driven CRP levels (only CRP levels <20 mg/l)
(Table 5).

Effect of haplotypes on the rate of acute rejection,
delayed graft function, graft survival, occurrence
of cardiovascular events/deaths and all-cause mortality

The overall incidence of acute rejection was 36.1% and
16.2% for delayed graft function. We found no significant
association with acute rejection or delayed graft function
for the different diplotypes.

Our group, as well as other groups could show an asso-
ciation of serum CRP levels and post-transplant outcome
[11,15,16] (Debler J, personal communication). Despite
these findings, we could not show any association of the
different genetic diplotypes and graft survival (Fig. 1).
Also, the occurrence of cardiovascular events/deaths (data
not shown), or all-cause mortality (‘death with function-
ing graft’) (Fig. 2) were not associated with the different
diplotypes.

There was no association of any single polymorphism
with graft survival, occurrence of cardiovascular events/
deaths or all-cause mortality (data not shown). Results
were similar, if only patients included with a CRP level
<20 mg/l at the time of transplantation were included.
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Table 5. C-reactive protein values as determined by CRP haplogenotype.

Kruger et al.

CRP (<20 mg/l)
time of tx

CRP (mg/l) at
3 months

CRP (mg/l) at
6 months

5.2+ 4.64 (n=10)
48 +48(n=17)
4.8+ 4.2 (n=48)
4.8 + 4.4 (n=107)
46+45(n="59)
51+438(n=117)
48+ 4.4 (n=117)
5.0 £ 4.6 (n = 241)

55+6.1(n=6)

7.1 +£9.7 (n=19)
6.5+ 8.9 (n =48)
7.3+ 154 (n=101)
6.2 +10.3 (n=52)
8.7 +19.5(n=114)
6.3 +9.5(n=106)
8.0+ 17.1 (n = 234)

6.9+56(n=28)
84 +£16.4 (n=14)
52 +4.6(n=44)
6.6 +11.4 (n =89)
11.4 + 24.6 (n = 45)
7.8 £13.5(n=99)
82+17.2(n=97)
7.3+12.8(n=202)

Diplotype CRP (mg/l)
group time of tx
Female 0 52+46(n=10)
Male 11.2+125(n =23)
Female 1 9.3+ 15.7 (n =54)
Male 83+128(n=121)
Female 2 6.1+83(n=62)
Male 83+ 10.7 (n=132)
Female All 75+ 11.9(n=126)
Male 85+ 11.8 (n=276)
100 %o —
90 %o
=
,E 80 %o I
5 |
z |
-‘é I
& 70 %o I
1 =t
iplo 2
60 % Tl tpe
sn0e- P=061
r ..t . 1 1 1 - 1 1
0 2 4 6 8 10 12

Years

Figure 1 Kaplan-Meier estimate of graft survival in renal transplant
recipients and numbers at risk with respect to the CRP diplotypes
(0 = haplotypes 1-4, 3-4, 4-4; 1 = haplotypes 1-1, 1-3, 2-4, 3-3;
2 = haplotypes 1-2, 2-2, 2-3). No significant difference could be
observed within the three diplotype groups (log-rank P = 0.61).

Discussion

In this observational study with patients after their first
renal transplant, we found no effect of CRP genotype on
CRP levels in a large renal transplant population. This
finding was also confirmed when CRP values at different
time points during follow-up were used for analysis
(Table 5). Furthermore, we could not show any associa-
tion of the CRP genotype, respectively haplotypes/diplo-
types, with the rate of acute rejection, delayed graft
function or the incidence of cardiovascular morbidity or
mortality.

These results are in contrast to recently published data
that imply an association of CRP levels and certain CRP
genotypes in different patient populations [20-24]. Such
an association between genotype and phenotype probably

100 %o <

20 %o

1

80 %

survival

70 %o

Patient

60 %

P=0.88

50 %o

Figure 2 Kaplan-Meier estimate of all cause mortality in renal
transplant recipients and numbers at risk with respect to the CRP
diplotypes (0 = haplotypes 1-4, 3-4, 4-4; 1 = haplotypes 1-1, 1-3,
2-4, 3-3; 2 = haplotypes 1-2, 2-2, 2-3). No significant difference could
be observed within the three diplotype groups (log-rank P = 0.88).

might have been overridden in the present study by a
chronic inflammatory state in patients with chronic renal
failure in stage 5 before renal transplantation and in
stages 2—4 after renal transplantation. In addition to the
effect of chronic renal failure per se on the state of
inflammation in our patient group, for example, the pres-
ence of peripheral vascular disease [11], and of subclinical
infections especially after renal transplantation may have
hampered the chance to confirm a genotype/phenotype
association in our patient population. Furthermore, the
effect described for the CRP genotype on CRP levels was
small in the general population, e.g. Timspon et al. [20]
found CRP levels between 1.39 and 2.03 mg/l for the dif-
ferent haplotypes in a British female cohort, making it
possible that the power of our study was too small to
detect such a difference. Furthermore, a methodological
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limitation of our study has to be discussed. As CRP mea-
surements for the present analysis were performed during
routine clinical care, our central clinical chemistry labora-
tory did not use a high sensitive CRP. However, as most
of the patients had a detectable CRP level (n = 307,
76.4%) at the time of transplantation, we do not think
that our CRP assay negatively influenced our ability to
detect a CRP genotype/phenotype association. A recent
work by Grootendorst et al. [30] supports this assump-
tion. They analyzed conventional and high-sensitivity
CRP measurements in ESRD patients, and found a similar
association between both forms of CRP measurements
[30]. Another potential limitation of our study could
have been the selection of the wrong genetic variations to
detect an existing genotype/phenotype interaction or an
association of the genotype with different outcomes. A
number of different CRP single nucleotide polymor-
phisms have been described in the literature to affect
CRP levels in different populations so far. For instance,
for the CRP polymorphisms rs1800947 (also known as
1059 G/C or C641G), rs1130864 (+1444 C/T or G988A),
and rs1205 (G1846A), as well as others like rs1417938 or
rs3091244, individual associations with CRP levels have
been reported [22-24,31-33]. Additionally, haplotype
analysis with the three polymorphisms rs1800947,
rs1130864 and rs1205 revealed an association with CRP
levels in a European population [20]. In view of these
data, our selection of analysed polymorphisms and subse-
quent haplotype estimation seems to have been reason-
able and informative, and therefore the lack of
associations of genotype/phenotype interaction or out-
come measurements is considered to be valid. Further-
more, some of the polymorphisms mentioned above are
in close linkage disequilibrium with at least one of the
investigated ones [33].

Despite the lack of association of CRP levels and CRP
genotype, we and others have shown elevated CRP levels
to be predictive of cardiovascular mortality before and
after renal transplantation [11,15,16] (Debler, personal
communication). This predictive usually
explained by a higher ‘state’ of (micro-) inflammation
caused by local vascular alterations and/or subclinical

value is

infections.

In line with the lack of an interaction of CRP genotype
and phenotype, we found no major effect of CRP geno-
type on cardiac outcome and all-cause mortality in this
study.

In synopsis, in our renal transplant population, we
found no association of CRP-haplotypes/diplotypes with
either CRP levels or with post-transplant morbidity and
mortality. In this highly inflammation prone population
for inflammatory diseases, the rather small genetically
determined differences in serum CRP observed in the
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normal populations presumably are overridden by back-
ground inflammation typically observed in transplant
recipients. This may explain why genotype-determined
differences in serum CRP levels cannot be detected in our
population. Life long genetically determined increased
serum CRP levels prior to the patient becoming uremic
appear not to have an impact on the outcome and end
points in our study, implying that CRP is more likely
only a marker of current inflammation than a causative
agent of cardiovascular morbidity and mortality.
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