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Abstract
Objective: This study was performed to determine whether renal function and graft origin affect serum levels of tumor necrosis factor-a (TNF-a), serum amyloid A 
(SAA) and C-reactive protein (CRP), among individuals having undergone renal transplantation (Tx).

Methods: In a sample of fifty kidney recipients, serum creatinine (Cr), SAA, TNF-α and CRP were quantitatively determined at several time-points, pre- and post-
Tx (2nd, 6th, 14th day, 3 months post-Tx). Patients were grouped as follows: those presenting restored renal function (<1.5mg/dl three months post-Tx) versus those 
with mild renal dysfunction (>1.5mg/dl three months post-Tx), patients having received  allograft from living donors versus patients having received  cadaveric grafts.

Results: A total of 32 participants received grafts from living donor while 18 received cadaveric transplants. Two evenly numbered groups (N=25) were formed 
according to the presence of mild renal dysfunction. The differences of SAA values between those with and without restored renal function, as well as between 
living versus cadaveric graft recipients, were not significant at any time point. Similarly, no disparities were detected in TNF-a levels, between patients with serum 
Cr<1.5mg/dl and those with Cr>1.5mg/dl, or between recipients of living and cadaveric donors. Finally, serum CRP levels were homogeneous in individuals with 
and without mild renal dysfunction, as well as in patients receiving grafts from living and cadaveric donors throughout the three-month follow-up. In an exploratory 
analysis, serum CRP and cystatin-c were not correlated, at any of the time-points.

Conclusions: SAA, TNF-α and CRP are not differentiated by renal function and graft origin after renal transplantation.
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Introduction
Kidney transplantation is the preferred medium of renal 

replacement therapy in patients with end-stage renal disease (ESRD). 
It offers better quality of life and longevity to patients [1]. Nevertheless, 
renal transplantation harbors a risk of graft loss. Acute graft rejection 
remains the major determinant of chronic rejection, which is the 
number one cause of graft loss and induces severe cardiovascular 
morbidity and mortality [2-4].  

Kidney disease progression and allograft loss are associated with 
inflammatory processes. Published studies have already investigated 
inflammatory markers in the course of renal transplantation and have 
captured a strong relationship between inflammatory markers (pre- 
and post-transplantation) and graft outcome [5-7]. In greater detail, 

high plasma (as well as urinary) concentrations of tumor necrosis 
factor – α (TNF-a, a pro-inflammatory cytokine) have been related 
to higher risk of graft rejection and impaired graft function, through 
activation of T lymphocytes [8-11]. Elevated serum amyloid A (SAA, 
an acute phase protein) has also exhibited an association with kidney 
allograft rejection [12-17], while increased C-reactive protein (CRP, an 
acute phase protein, as well) is also considered a harbinger of chronic 
allograft dysfunction, graft rejection and cardiovascular mortality 
[6,7,17-19].
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Considering the relationship of the aforementioned inflammatory 
biomarkers with post-transplantation outcomes, we decided to 
undertake the current study in order to investigate factors that could 
influence the serum level of TNF-a, SAA and CRP. Plasma levels of 
TNF-a, SAA and CRP were recorded in kidney transplant recipients 
pre- and throughout a three-month post-transplantation follow-up. 
Serum levels were compared between patients that received grafts 
from living donors and those who received cadaveric grafts. Moreover, 
plasma levels were compared between patients with and without 
restored renal function 3-months post-transplantation.

Patient and Methods
In this study, 50 patients (32 males, 18 females) of the kidney 

transplant unit of “Laiko” General Hospital of Athens, who received 
renal allografts were included. This study lasted from 27/03/2003 to 
16/07/2004. The recipients belonged to the age range 15 - 70 (mean age 
= 42.5 years). Thirty-two patients received allografts from living donors 
and eighteen patients received cadaveric grafts.

All patients were treated with standard immunosuppressive therapy 
(Figure 1). A rejection episode was diagnosed in 10 of the patients and 
the anti-rejective therapy was effective. Rejection was identified by the 
increase of serum creatinine and was confirmed by allograft biopsy. All 
patients were followed for three months after transplantation. At this 
point, the average serum creatinine was 1,58 ± 0,4 mg/dl, while pre-
transplantation levels were 7,41 ± 1,4. Twenty-five patients had Cr ≤ 
1,5mg/dl (0,9 to 1,5, mean 1,3) and an even number of participants had 
Cr> 1,5mg/dl (1,5 to 2,7, mean 1,9).    

Fasting venous blood samples were collected in stable time points 
(during last week before transplantation, 2nd day, 6th day, 14th day and 
90th day after transplantation). Blood samples were centrifuged, and 
serum samples were stored at -80o C. These conditions are appropriate 
and allow laboratory analysis after long-term storage of the samples. The 
changes of SAA, TNF-a, CRP and cystatin-c serum levels were assessed 
in all patients and were compared between patients with Cr ≤ 1.5mg/dl 
and patients with Cr> 1.5mg three months after transplantation, as well 
as between recipients of living and cadaveric grafts.

Statistical analysis
Analysis was performed using the statistical package SPSS® version 

17 for Windows. Normality hypothesis for scale variables was tested by 
the Kolmogorov-Smirnov test. Differences in Pre-transplantation and 
the Post-transplantation time points (Day 2, Day 6, Day 14, Month 3rd) 
were evaluated using independent samples t-test (if normality assumption  
were met) or Mann-Whitney U test (if normality assumption were 
violated). The conventional threshold of α= 0.05 was set for the revelation 
of statistical significance. Finally, an exploratory analysis was performed. 
Cystatin C values were correlated to CRP concentrations via Pearson’s test, 
using the same statistical cut-off for significance.

Results
The changes of SAA are summarized per study group in Table 1. 

SAA showed an early increase post-Tx with a peak of its value on the 
6th day and subsequent decrease three months post-transplantation. 
Figure 2 illustrates serum SAA trajectories in the whole sample, as well 
as per study group.  No significant difference was established between 
participants with and without mild renal impairment, throughout the 
three-month follow-up. Similarly, serum SAA recorded comparable 
patterns in the course of the three-month follow-up, irrespective of the 
origin of the allograft, i.e., living vs. cadaveric donor.

Figure 1.  Frequency of Patients per Standard Immunosuppressive Therapy

(a)

(b)

(c)

Figure 2. SAA levels throughout the three-month follow-up (a) in the whole sample, (b) 
according to the presence of mild renal impairment and (c) according to the graft origin; 
NS: non-significant.

The changes of serum TNF-a are summarized per study group in in 
Table 2. TNF-a recorded a progressive decrease throughout the three-
month post-transplantation monitoring. Figure 3 demonstrates serum 
TNF-a trajectories in the whole sample, as well as per study group.  
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(a)

(b) 

(c) 

Figure 3. Serum TNF-a levels throughout the three-month follow-up (a) in the whole sample, (b) according to the presence of mild renal impairment and (c) according to the graft origin; 
NS: non-significant

All patients (N=50)
Pre-Tx

Post-Tx
2nd day 6th day 14th day 90th day

37,31 ± 19,97 72,74 ± 30,91  P<0,0001 84,09 ± 26,60 P<0,0001 79,90 ± 28,98 P<0,0001 60,36 ± 23,77 P<0,001
Cr≤ 1,5mg/dl (N=25) 38,93 ± 23,27 73,60 ± 27,57 P<0,0001 76,94 ± 26,87 P<0,0001 72,98 ± 28,82 P<0,0001 55,94 ± 23,20 P<0,001
Cr> 1,5mg/dl (N=25) 35,69 ± 16,35 71,87 ± 34,47 P<0,0001 91,24 ± 24,93 P<0,0001 86,81 ± 28,00 P<0,001 64,77 ± 23,98 P<0,0001
Living donor (N=32) 38,01 ± 19,17 66,91 ± 32,94 P<0,0001 84,28 ± 28,74 P<0,0001 82,01 ± 30,65 P<0,0001 58,95 ± 27,17 P<0,001
Cadaveric donor (N=18) 36,71 ± 21,83 82,98 ± 24,51 P<0,0001 83,76 ± 23,10 P<0,0001 76,15 ± 26,14 P<0,0001 62,86 ± 21,52 P<0,001

Table 1. Mean serum amyloid–A values (± standard deviations) in the course of the three-month follow-up. P values correspond to post- (post-Tx) vs. pre-transplantation (pre-Tx) 
differences. SAA was measured in μg/ml

Cr: creatinine; N=number of participants
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All patients (N=50)
Pre-Tx

Post-Tx
2nd day 6th day 14th day 90th day

12,07 ± 4,36 8,65 ± 4,76 P<0,001 7,52 ± 4,56 P<0,0001 6,87 ± 4,15 P<0,0001 6,32 ± 4,15 P<0,0001
Cr ≤ 1,5mg/dl (N=25) 11,86 ± 4,06 7,81 ± 4,75 P<0,001 7,53 ± 4,80 P<0,001 6,80 ± 4,56 P<0,0001 7,02 ± 4,76 P<0,0001
Cr> 1,5mg/dl (N=25) 12,27 ± 4,72 9,49 ± 4,71 P<0,05 7,52 ± 4,42 P<0,001 6,95 ± 4,11 P<0,0001 5,62 ± 3,38 P<0,0001
Living donor (N=32) 11,60 ± 4,47 8,37 ± 4,79 P<0,007 7,19 ± 4,02 P<0,0001 6,47 ± 341 P<0,0001 5,68 ± 2,94 P<0,0001
Cadaveric donor (N=18) 12,90 ± 4,15 9,14 ± 4,80 P<0,01 8,12 ± 5,47 P<0,006 7,58 ± 5,58 P<0,003 7,46 ± 5,63 P<0,002

Table 2. Mean TNF-a (Tumor Necrosis Factor -a) levels (± standard deviations) in the course of the three-month follow-up. P values correspond to post- (post-Tx) vs. pre-transplantation 
(pre-Tx) differences. TNF-a was measured in pg/ml

Cr: creatinine; N=number of participants

All patients (N=50)
Pre-Tx

Post-Tx
2nd day 6th day 14th day 90th day

1.85 + 0.26 8.49 ± 0.91 P<0.0001 7.11 ± 0.63 P<0.0001 4.45 ± 0.52 P<0.001 3.66 ± 0.45 P=0.001
Cr≤ 1,5mg/dl (N=25) 2.07 ± 0.40 7.78 ± 1.21 P<0.0001 6.70 ± 0.86 P<0.0001 4.67 ± 0.82 P<0.0001 2.98 ± 0.34 N.S
Cr> 1,5mg/dl (N=25) 1.63 ± 0.33 9.20 ±1.38 P<0.0001 7.51 ± 0.52 P<0.0001 4.23 ± 0.67 P<0.001 4.37 ± 0.81 P<0.001
Living donor (N=32) 2.03 ± 0.37 9.47 ± 1.29 P<0.0001 7.80 ± 0.85 P<0.0001 4.59 ± 0.70 P<0.002 3.50 ± 0.54 P<0.03
Cadaveric donor, (N=18) 1.53 ± 0.31 6.25 ± 0.93 P<0.0001 5.88 ± 0.85 P<0.0001 4.21 ± 0.79 P<0.003 3.93 ± 0.81 P<0.009

Table 3. Mean CRP (C reactive protein) levels (± standard deviations) in the course of the three-month follow-up. P values correspond to post- (post-Tx) vs. pre-transplantation (pre-Tx) 
differences. CRP was measured in mg/dL

Cr: creatinine; N=number of participants; N.S: non significant

(a)

(c)

(b)

Figure 4. Serum CRP levels throughout the three-month follow-up (a) in the whole sample, (b) according to the presence of mild renal impairment and (c) according to the graft origin; 
NS: non-significant
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Figure 5. Correlations between c-reactive protein and cystatin-c throughout the three-month follow-up; Pearson’s r: pre-transplantation r=0.099, post- transplantation: 2nd day r=-0.143, 
6th day r=-0.228, 14th day r=0.097, 3 months r=-0.121

Much alike SAA, there were no disparities between those with and 
without mild renal impairment, as well as between living vs. cadaveric 
graft recipients.

Post-transplantation serum CRP in all patients of all subgroups, 
showed an early increase, presenting a peak on the 2nd day and after 
transplantation and a subsequent progressive decrease until the 
completion of the follow-up (Table 3). Similar to TNF-a and SAA, CRP 
values documented comparable trajectories in the course of the follow-
up, without any between group differences (based on renal function 
and graft origin) at any time point (Figure 4).

Finally, the correlation between serum CRP and cystatin-c was 
performed in the whole sample, at every time point (Figure 5). These 

indices were not correlated at any time point in the course of the three-
month follow-up (Figure 5).

Discussion
There is strong evidence that acute phase proteins and other 

inflammatory indices can provide useful information about the early 
recognition and monitoring of allograft malfunction. SAA, TNF-a and 
CRP are considered important such biomarkers. These biomarkers 
are determined in the post-transplantation course to evaluate the 
risk of allograft complications as well as effective management of the 
whole process [12,20,21]. In this study, it was established that serum 
levels of TNF-a, SAA and CRP are independent from two important 
transplantation-related parameters, renal function after transplantation 
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and graft origin. This finding suggests that these biomarkers may 
be utilized in terms of risk stratification and prognostic value, 
independently of these pivotal parameters.

Serum Amyloid-A (SAA) is an acute phase protein with a molecular 
weight of 12000, which is synthesized and degraded in the liver, free of 
any renal metabolic processes. It is reported that SAA can increase days 
(one or more) before creatinine rise, foreboding acute graft rejection. 
Some studies suggest that the close monitoring of SAA concentrations 
in kidney transplant recipients could facilitate the early diagnosis of 
acute allograft rejection [12,16,20]. Of note, SAA responds earlier and 
more sensitively than CRP to inflammatory stimuli, even in patients 
on corticosteroids. Unfortunately, SAA responds sensitively to surgical 
trauma as well, and its rise is of low specificity complication-wise in the 
early post-transplantation period. However, during the postoperative 
period, the ratio of SAA and CRP values is about 6:1, while in allograft 
rejection this ratio ranges between 7-10:1; hence, the specificity and 
negative prognostic value of SAA may be elevated by assessing its 
relative increase, compared to CRP.

Tumor Necrosis Factor-a (TNF-a) is an endotoxin-induced 
glycoprotein, originally described as a circulating factor that can cause 
necrosis of tumor. However, accumulating evidence demonstrated that 
TNF-a is a key regulator of the inflammatory response and is implicated 
in the pathophysiological course of multiple disorders [14,15]. TNF-a, 
along with other pro-inflammatory cytokines (e.g., IL-6), are elevated 
in patients undergoing hemodialysis (HD). These indices are supposed 
to reflect the prominent inflammatory activity of HD patients and 
assume a role in their general cachectic state and ill-being. TNF-a 
concentrations are also elevated during kidney transplant rejection. 
In allograft rejection, activated immune cells involving macrophages, 
CD4+ T cells, natural killer (NK) cells, neutrophils, and endothelial 
cells have been shown to produce exaggerated amounts of TNF-a. Of 
note, combined serial assays of serum TNF-a and serum creatinine have 
greater predictive value than either test alone for the early diagnosis 
of acute rejection [2,14,15], while TNF-a gene polymorphisms may 
reveal a subgroup of graft recipients under an elevated risk of acute and 
delayed rejection [4]. Intriguingly, high TNF-a levels in donors may 
confer an additional risk for delayed graft rejection in kidney recipients.

Among the investigated indices, CRP constitutes the least 
specific marker of undergoing inflammatory processes. CRP, 
the prototypical acute phase reactant marker of inflammation is 
synthesized predominantly by hepatocytes under the predominant 
control of interleukin-6 (IL-6) and other inflammatory cytokines. The 
major determinant of CRP levels is the rate of synthesis by the liver 
and not its excretion through the kidney [22,23]. HD individuals 
and peritoneal dialysis (PD) patients show evidence of activated 
inflammatory responses with increased serum levels of non-specific 
markers of inflammation and pro-inflammatory cytokines. An increase 
of CRP levels is expected in 30-50% of patients undergoing HD and 
PD therapy. In the post-transplantation course, surgical trauma is 
considered a major cause of increased CRP during the first 4 days, 
while treatment toxicity, infections and other confounders limit its 
sensitivity later in the post-transplantation period. Tardive elevations 
of CRP are supposed to reflect primary immune responses towards 
the graft better and appear to be related to rejection activities [23-28]. 
Overall, there are contradictory findings for the association between 
acute rejection and high pre-transplantion CRP levels. Of note, high 
pre-transplantion CRP levels may be strong risk factor for rejection 
after transplantation [18,29].

The overall benefit of renal transplantation is limited by renal 
transplant loss or death, mostly due to cardiovascular disease. 

The common pathogenesis between allograft nephropathy and 
cardiovascular disease, includes inflammation and accelerated 
atherosclerosis. Hence biomarkers of inflammation and atherosclerosis 
may possess optimum properties for predictive purposes and be 
appropriate for risk stratification strategies. Future research ought to 
shed additional light into this matter, and contribute further to the 
prevention of transplantation-related complications.
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