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CLINICAL STUDY

Association between graft function and serum TNF-a, TNFR1 and TNFR2
levels in patients with kidney transplantation
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Abstract

Introduction: This prospective observational study aimed to assess the relevance of serial
postoperative serum TNF-a, TNFR1 and TNFR2 measurements for predicting graft function and
acute rejection episodes (AR) after transplantation. Materials and methods: We studied 50
kidney transplant recipients (31 female, 19 male; mean age: 38.36 ± 12.88). Blood samples were
collected immediately before and after surgery at day 7, month 1 and month 3. Serum TNF-a,
TNFR1 and TNFR2 levels were measured by ELISA using a commercial kit (Invitrogen ELISA).
Serum cystatin-C levels were measured by particle-enhanced immunonephelometric method.
Glomerular filtration rate (GFR) was estimated by Chronic Kidney Disease-Epidemiology (CKD-
EPI) equation. Patients were assigned to their transplant outcomes in terms of acute rejection
[AR(+) and AR(�)] and slow (SGF) or immediate graft function (IGF). Results: Among
50 recipients, six had AR(+) and 44 had AR(�), depending on graft function: 17 had SGF and
33 had IGF. Serum creatinine, cystatin-C, TNF-a, TNFR1 and TNFR2 levels demonstrated
consistent significantly decreases after transplantation while GFR values had consistent
increases (p¼ 0.001). Pretransplant levels were not statistically different between AR(+) and
AR(�) groups (TNF-a: 30.79 ± 5.96 vs. 27.95 ± 2.43 pg/mL, TNFR1: 55.96 ± 21.6 vs.
40.52 ± 7.41 ng/mL, TNFR2: 58.31 ± 8.06 vs. 50.9 ± 3.34 ng/mL, respectively) (p40.05). Serum
TNF-a, TNFR1 and TNFR2 levels on day 7 and month 1 were also significantly higher in AR(+)
group compared to AR(�) (p¼ 0.012, p¼ 0.049 for TNF-a, p¼ 0.001, p¼ 0.002 for TNFR1,
p¼ 0.001, p¼ 0.002 for TNFR2). Conclusions: Our preliminary findings suggest that serum TNF-a,
TNFR1 and TNFR2 levels might be considered useful markers of evaluating graft function after
renal transplantation.
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Introduction

Kidney transplantation is the best choice for the treatment of

end-stage kidney disease but rejection is the major compli-

cation after transplantation. In spite of potent immunosup-

pression, acute rejection continues as major cause of graft

dysfunction. Although renal allograft biopsy is the reference

standard for diagnosis of rejection, due to its invasive nature,

new clinical and biochemical diagnostic markers are still

explored.1–4

TNF-a is a functional 26-kDa homotrimeric transmem-

brane protein, which is cleaved by a disintegrin and

metalloprotease protein-17 (ADAM-17) and released into

the circulation as a functional 17-kDa soluble form.5 TNF-a
mediates a lot of immunologic and inflammatory responses

including the amplification of other proinflammatory

cytokines and chemokines that contribute to local recruitment

and activation of leucocytes.6 TNF-a promotes T-cell activa-

tion, the key reaction leading to allograft rejection. Biological

activity of TNF-a exists by binding two different receptors;

TNFRI (TNFRSF1A or p55) and TNFR2 (TNFRSF1B or

p75).7 Binding of TNF-a to the TNFR1 or TNFR2 activates

signaling pathways controlling inflammatory, immune and

stress responses, as well as host defense and apoptosis.5–7

In healthy subjects, TNF-a and TNFR2 are usually not

present in the kidneys, whereas TNFR1 can be found in

normal glomerular endothelium.8,9 After stimulation (e.g.,

with lipopolysaccharide, interleukin (IL)-1a) and during

inflammation, TNF-a and its receptors are expressed in

glomerular and tubular cells.10 TNFRs are differentially

regulated in human rejecting renal transplants. Multiple

studies have suggested the role of TNFRs in the development

of acute kidney transplant rejection.11–13 Given these findings

indicating that TNF-a and its receptors impair immune

regulation, we examined whether the association between

graft function and acute rejection attacks with serum

Address correspondence to Gultekin Yucel, MD, Professor,
Department of Biochemistry, Akdeniz University Medical School,
Antalya, Turkey. Tel: +90 2422496414; Fax: +90 2422424444;
E-mail: gyucel@akdeniz.edu.tr



levels of TNF-a, TNFR1 and TNFR2 in renal transplant

recipients.

Materials and methods

Fifty living-donor kidney transplant recipients who were at

least 18 years old were recruited into the study from

September 2010 to June 2011 in our transplant center. The

study was conducted in accordance with the ethical standards

of our Institutional Ethics Committee and with the Helsinki

Declaration, and all patients provided written informed

consent. Patients who had transplanted from a cadaveric

donor, malignancy, combined (pancreas or liver) transplant-

ation, graft failure related to surgical causes were excluded.

General characteristic and demographic features of all

patients and donors are indicated in Table 1. All patients were

classified regarding to graft function as IGF or SGF. SGF

(n¼ 17) was defined as reduction in serum creatinine by

570% on day 7 and IGF (n¼ 33) as �70%. We also classified

all the patients regarding to acute rejection episodes (AR(+)

n¼ 6, AR(�) n¼ 44). Acute rejection episodes were recorded

during the first 30 days post-transplantation. The diagnosis of

acute rejection was confirmed with biopsy and Banff-

Classification was used. Acute rejection of renal allografts

is considered as a T cell-mediated process (acute cellular

rejection) with biopsy.

The blood samples were collected immediately before and

after surgery at day 7, month 1 and month 3. The samples were

centrifuged at 4000 rpm for 5 min. The sera were stored until

analysis day at �80 �C. Serum creatinine measurement was

done by using original commercially kits in the Cobas 8000

auto analyzer (Roche Diagnostics, Mannheim, Germany). The

results were expressed as mg/dL. Serum cystatin-C levels were

measured by using the particle-enhanced immunonephelo-

metric (PENIA) method in a BN II Nephelometer (Siemens

AG, Erlangen, Germany). The results were given as mg/L.

Serum TNF-a, sTNFR1 and sTNFR2 levels were measured by

Enzyme-Linked Immunosorbent Assay (ELISA) method

(human TNF-a KHC 3011, human TNFR1 KAC 1761,

human TNFR2 KAC 1771, Invitrogen Diagnostics, Life

Technologies, Grand Island, NY).

Estimated glomerular filtration rates (eGFRs) were calcu-

lated using the ‘‘Chronic Kidney Disease Epidemiology’’

(CKD-EPI) formula.14

All statistical analyses were done with SPSS version 20.0

and a significance level of 0.05 was considered. Kolmogorov–

Smirnov test was performed to assess deviation from normal

distribution. Quantitative variables were summarized as mean

and standard deviation (SD), or as median. Differences among

all parameters at different time points were assessed by

ANOVA, Student’s t-test or the Mann–Whitney’s U test for

quantitative variables. The analysis of correlation was done by

Spearman or Pearson test. Receiver-operating characteristics

analysis was performed to estimate the sensitivities and

specificities of serum TNF-a, TNFR1 and TNFR2 (as well as

serum creatinine and cystatin-C) to evaluate of graft function

and acute rejection episodes. The optimal cut-off points were

determined by maximizing the sum of sensitivity and

specificity.

Results

General patient characteristics and demographic features are

shown in Table 1. Table 2 summarizes the serum creatinine,

cystatin-C, TNF-a, TNFR1 and TNFR2 levels in patients with

and without AR, IGF and SGF. The changes in serum

biomarkers and eGFR values in patients with and without

AR, IGF and SGF, before and after transplantation are also

graphically displayed in Figures 1–6. Serum creatinine levels

were higher in IGF group than SGF group before transplant-

ation (p¼ 0.001) while more significantly lower (p¼ 0.03) at

month 1. Serum creatinine levels were also higher in the

AR(+) group than the AR(�) group in only post-transplant

7th day. No significant differences between other periods

(Figure 1) were observed. Serum cystatin-C levels were

significantly higher in SGF and AR(+) groups than IGF and

AR(�) groups (p¼ 0.03 and p¼ 0.009, respectively) in only

post-transplant 7th day (Figure 2). Serum TNF-a and TNFR1

levels were similar between all periods. Serum TNFR2 levels

were significantly higher in the SGF group compared with the

IGF group (p¼ 0.046) at month 3. No significant differences

between other periods were observed. Serum TNF-a, TNFR1

and TNFR2 levels were found as significantly increased in the

AR(+) group than the AR(�) group on post-transplant 7th day

and month 1 (for TNF-a; p¼ 0.012 and p¼ 0.049, for TNFR1;

p¼ 0.001 and 0.002, for TNFR2; p¼ 0.001 and 0.001

respectively) (Figures 3–5). We did not observe any significant

differences between other periods. Glomerular filtration rates

which are calculated by CKD-EPI formula were significantly

increased in the IGF and AR(�) groups (Table 2 and Figure 6).

Table 1. General characteristics and demographics features of patients
and donors.

Parameters

Donors Age (year) 46.66 ± 10.65
Gender

Male 19 (38%)
Female 31 (62%)

Patients Age (year) 38.36 ± 12.88
Gender

Male 33 (66%)
Female 17 (34%)

BMI (kg/m2) 23.57 ± 4.17
Renal replacement
therapy modalities (RRT)

Preemptive 9 (18%)
PD 3 (6%)
HD 38 (76%)

RRT time (month) 18 (0–204)
CKD etiology

HT 10 (20%)
DM 6 (12%)
Other 34 (68%)

HLA mismatch
0 9 (18%)
1–5 39 (78%)
6 2 (4%)

No. HLA-DR mismatch 16 (32%)
Serum Cr levels

(discharge time) (mg/dL)
1.55 ± 1.11

Notes: CKD: chronic kidney disease, HT: hypertension, DM: diabetes
mellitus, PD: peritoneal dialysis, HD: hemodialysis, HLA: human
leucocyte antigen, BMI: body mass index.

872 D. Budak et al. Ren Fail, 2015; 37(5): 871–876



Table 2. Serum creatinine, cystatin-C, TNF-a, TNFR1, TNFR2 levels and eGFR values before and after transplantation at day 7, month 1 and month 3.

Parameter Time IGF (n¼ 33) SGF (n¼ 17) AR(+) (n¼ 6) AR(�) (n¼ 44)

Creatinine (mg/dL) Pretx 7.7 ± 0.48 3.82 ± 0.36 7.12 ± 1.15 6.47 ± 0.45
7th day 1.25 ± 0.05 1.46 ± 0.12 3.46 ± 1.01 1.29 ± 0.05
Month 1 1.12 ± 0.05 1.34 ± 0.09 1.54 ± 0.21 1.17 ± 0.04
Month 3 1.18 ± 0.05 1.2 ± 0.07 1.46 ± 0.26 1.18 ± 0.04

Cystatin-C (mg/L) Pretx 6.12 ± 0.34 5.98 ± 0.38 6.04 ± 0.51 6.11 ± 0.27
7th day 1.57 ± 0.06 2.31 ± 0.38 3.49 ± 0.79 1.63 ± 0.05
Month 1 1.48 ± 0.04 1.78 ± 0.14 1.89 ± 0.23 1.53 ± 0.05
Month 3 1.37 ± 0.04 1.57 ± 0.11 1.71 ± 0.24 1.4 ± 0.03

TNF-a (pg/mL) Pretx 27.44 ± 3.18 28.77 ± 2.93 30.79 ± 5.96 27.95 ± 2.43
7th day 13.21 ± 1.64 15.83 ± 3.21 26.53 ± 6.04 12.86 ± 1.3
Month 1 8.48 ± 0.85 11.75 ± 2.29 13.73 ± 2.07 9.44 ± 0.96
Month 3 12.42 ± 2.4 10.11 ± 1.45 9.25 ± 1.94 11.75 ± 1.75

TNFR1 (ng/mL) Pretx 44.75 ± 10.33 31.77 ± 3.77 55.96 ± 21.6 40.52 ± 7.41
7th day 4.65 ± 0.27 7.73 ± 2.42 15.93 ± 5.76 4.79 ± 0.24
Month 1 3.56 ± 0.16 4.34 ± 0.49 6.03 ± 0.68 3.73 ± 0.19
Month 3 3.61 ± 0.18 4.3 ± 0.48 4.09 ± 0.6 3.79 ± 0.2

TNFR2 (ng/mL) Pretx 50.92 ± 4.12 51.9 ± 5.08 58.31 ± 8.06 50.9 ± 3.34
7th day 13.78 ± 0.87 20.15 ± 4.21 43.05 ± 9.18 14.13 ± 0.76
Month 1 9.33 ± 0.46 12.84 ± 1.67 18.59 ± 3.22 9.95 ± 0.5
Month 3 9.44 ± 0.79 11.22 ± 0.92 10.95 ± 1.8 9.78 ± 0.61

CKD-EPI (mL/dk) Pretx 8.42 ± 0.51 20.09 ± 2.26 9.66 ± 2.56 12.38 ± 1.19
7th day 70.26 ± 31.98 64.27 ± 8.09 30.16 ± 9.66 69 ± 3.01
Month 1 79.74 ± 3.68 68.36 ± 6.29 52.16 ± 6.37 76.9 ± 3.1
Month 3 75.71 ± 3.69 76.27 ± 5.61 58 ± 7.73 75.81 ± 2.92

Notes: Patients (n¼ 50) were classified to their graft functions and acute rejection episodes. Data are given as mean ± standard error. p-Values are given
in the text. IGF: immediate graft function, SGF: slow graft function, AR: acute rejection, Pretx: pretransplant, GFR: glomerular filtration rate.
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Figure 3. Comparison of serum TNF-alpha levels before and after
transplantation at day 7, month 1 and month 3. Patients (n¼ 50) were
classified to their graft functions and acute rejection episodes.

Month 3Month 17th dayPretx
0

10

20

30

40

50

60

Se
ru

m
 T

N
FR

1 
le

ve
ls

 (
ng

/m
L

) IGF
SGF
AR(+)
AR(−)

Figure 4. Comparison of serum TNFR1 levels before and after
transplantation at day 7, month 1 and month 3. Patients (n¼ 50) were
classified to their graft functions and acute rejection episodes.
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Figure 2. Comparison of serum cystatin-C levels before and after
transplantation at day 7, month 1 and month 3. Patients (n¼ 50) were
classified to their graft functions and acute rejection episodes.
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Figure 1. Comparison of serum creatinine levels before and after
transplantation at day 7, month 1 and month 3. Patients (n¼ 50) were
classified to their graft functions and acute rejection episodes.
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Before the transplantation, serum cystatin-C levels were

significantly correlated with TNFR1 and TNFR2 (r¼ 0.698,

r¼ 0.598; p50.05 respectively). At the day 7, serum

creatinine levels were found as significantly correlated with

TNFR1 and TNFR2 (r¼ 0.331, r¼ 0.367; p50.05, respect-

ively) while cystatin-C levels exhibit more strongly and

significantly correlations with these parameters (r¼ 0.412,

r¼ 0.451; p50.05, respectively). There were positive correl-

ations between serum creatinine, cystatin-C and TNFR1

levels (r¼ 0.442, r¼ 0.429; p50.05, respectively) at month 1

after transplantation. In the same period, significant correl-

ations between creatinine, cystatin-C and TNFR2 were found

(r¼ 0.396, r¼ 0.466; p50.05, respectively). Similarly,

PostTx at month 3, significant correlations between creatin-

ine, cystatin-C and TNFR1 levels were also found (r¼ 0.281,

r¼ 0.375; p50.05, respectively). In the same period, we also

observed significant positive correlations between serum

creatinine, cystatin-C and TNFRII (r¼ 0.471, r¼ 0.409;

p50.05, respectively).

To assess the diagnostic values of serum TNF-a, TNFR1

and TNFR2 (as well as serum creatinine and cystatin-C) for

the evaluation of graft function at different time points (at day

7, month 1 and month 3 after transplantation), ROC curves

were generated by plotting the sensitivity versus 1-specificity.

For this reason, a cut-off level of GFR was chosen as

60 mL/min. However, we found that only cystatin-C, creatin-

ine and TNFR2 levels could significantly detect the GFR

changes at month 3. Only significant findings are given in

Tables 3 and 4. Plotting GFR and ROC curves for cystatin-C,

creatinine, TNF-a, TNFR1, TNFR2 demonstrated that the

AUC of cystatin-C was not greater than that of creatinine and

TNFR2 at a cut-off level of GFR of 60 mL/min (AUC for

cystatin-C: 0.817, p¼ 0.001, AUC for serum creatinine: 0.892

p¼ 0.001, AUC for TNFR2: 0.833 p¼ 0.001) at month 3

(Table 3). The comparison of ROC curves of the parameters

according to the acute rejection episodes is demonstrated in

Table 4. Table 4 also shows the performance of TNFRs at

different times of PostTx. As shown there, especially at

PostTx day 7, the TNFR1 and TNFR2 present higher AUC

values than cystatin-C and creatinine for the determination of

acute rejection.

Table 4. Performance of serum creatinine, cystatin-C, TNF-a, TNFR1 and TNFR2 for the determination of acute rejection at day 7 and comparisons
between TNF-a, TNFR1 and TNFR2 at month 1.

Period Parameters Cutoff AUC (CI: 95%)* SH Sensitivity Specificity LR+ LR� p

7th day Creatinine 1.81 0.82 (0.52–1) 0.15 0.95 0.83 5.73 0.05 0.019
7th day Cystatin-C 2.06 0.80 (0.50–1) 0.15 0.84 0.83 5.05 0.19 0.03
7th day TNF-a 16.9 0.84 (0.70–0.98) 0.069 0.8 0.75 – 0.32 0.012
7th day TNFR1 7.03 0.96 (0.90–1) 0.029 0.84 0.91 – 0.14 0.001
7th day TNFR2 17.91 0.95 (0.87–1) 0.042 1 0.8 6 0 0.001
Month 1 TNF-a 14.72 0.75 (0.53–0.96) 0.11 0.88 0.66 2.66 0.17 0.049
Month 1 TNFR1 4.17 0.90 (0.80–0.99) 0.049 0.75 1 – 0.25 0.002
Month 1 TNFR2 11.9 0.91 (0.83–1) 0.043 0.81 1 – 0.18 0.001

Note: AUC (CI: 95%)* area under the curve with 95% confidence interval.
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Figure 5. Comparison of serum TNFR2 levels before and after
transplantation at day 7, month 1 and month 3. Patients (n¼ 50) were
classified to their graft functions and acute rejection episodes.
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Figure 6. Comparison of eGFR values before and after transplantation at
day 7, month 1 and month 3. Patients (n¼ 50) were classified to their
graft functions and acute rejection episodes.

Table 3. Performance of serum creatinine, cystatin-C and TNFR2 for the determination of GFR changes at month 3.

Time Parameters Cutoff AUC (CI: 95%)* SH Sensitivity Specificity LR+ LR� p

Month 3 Creatinine 1.23 0.892 (0.786–0.997) 0.054 0.77 0.92 10.89 0.24 0.001
Month 3 Cystatin-C 1.38 0.817 (0.697–0.936) 0.061 0.66 0.85 4.67 0.39 0.001
Month 3 TNFR2 11.46 0.833 (0.711–0.956) 0.062 0.86 0.71 3.01 0.19 0.001

Notes: A cut-off level of eGFR was chosen as 60 mL/min. AUC (CI: 95%)* area under the curve with 95% confidence interval.
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Discussion

Sensitive and rapid assessment of changes in graft function is

of primary importance in renal transplant recipients in the

early post-transplantation period. We have shown that

elevated levels of TNFR1 and TNFR2 were significantly

associated with graft function at day 7 and month 1 after

transplantation and especially serum TNFR2 levels may be

predictive of acute rejection together with serum creatinine

and cystatin-C.

Recent studies have suggested that serum cystatin-C

concentrations paralleled those of creatinine and might be a

potential better marker of GFR than creatinine in renal

transplant patients.1,4,15 In this study, we found that both of

serum creatinine and cystatin-C levels significantly decreases

after transplantation in all groups. We performed ROC

analysis to assess the potentials of creatinine and cystatin-C

for diagnosing of AR and accurate determination of GFR

changes. We generally found slightly better AUC values for

serum creatinine than cystatin-C for the determination of AR

and GFR change. In renal transplant recipients, the cystatin-C

exhibits similar diagnostic characteristics like serum creatin-

ine.15,16 Our study suggests that serum cystatin-C monitoring

during the follow-up of renal transplant recipients would

reveal the role of this parameter to detect rejection at an early

stage.

Although the serum creatinine and cystatin-C levels which

reflect graft function after transplantation have been widely

used, multiple studies have also investigated the potential

value of individual cytokine profiles to determinate graft

function and predict acute rejection episodes. High TNF

production found associated with a higher risk of rejection

and poor graft function in kidney transplant recipients.17

However, some reports present conflicting data exist as to

whether serum/urine TNF levels reflect reliably the rejection

and graft function. The effect of TNF on graft outcome is

influenced by the two TNFRs, which lead to signaling

cascades that induce expression of many genes involved in

inflammation.9,12 Although the limited number of acute

rejection patients, our findings consistent with previous

researches showing that serum TNF-a, TNFR1 and TNFR2

concentrations are elevated during acute rejection episodes.

Wiggins et al. reported that TNF-a levels immediately

decreased following transplantation. They purposed this is

probably related to the bolus doses of methylprednisolone

administered intra-operatively.18 It is known that glucocortic-

oids suppress TNF-a gene transcription.19 On the other hand

they also reported higher levels of TNF in patients with acute

rejection than non-rejecting patients.18 In our study, we found

that serum TNF-a, TNFR1 and TNFR2 levels significantly

decreases after transplantation in all groups but the levels

were higher in the AR(+) group than the AR(�) group

confirming the results by Wiggins et al.18 During an acute

cellular rejection, the influx of lymphocytes in the renal

interstitium is accompanied by the detection of epithelial cells

expressing upregulated TNF-a converting enzyme (TACE),

stimulating the local shedding of TNFR2.9 TNFR2 protein is

synthesized by epithelial cells in situ and is mainly located on

the cytoplasmic membrane in an acute cellular rejecting

kidney.9 Furthermore, TNFR2 seems to mediate preferentially

early effects of TNF-a in acute allograft rejection as a

significantly lower TNFR2 expression has been observed in

biopsies with chronic allograft lesions. The soluble TNFR

levels have been reported to be increased during acute

rejection.20–24 In accordance with these studies, we observed

significant elevation of serum TNFR2 levels in acute

rejection. Regarding ROC analysis for estimating acute

rejection, serum TNFR1 and TNFR2 levels determined on

7th day and first month have highest sensitivity and speci-

ficity in our study. Although some reports suggested that

TNFR2 may antagonize the TNF-a, we observed both of high

TNF-a and TNFR2 levels in our study. We speculate that

these receptors play important roles in renal graft dysfunction

and the pathogenesis of graft rejection. Based on these

findings, especially serum TNFR2 levels may be predictive of

acute rejection together with serum creatinine and cystatin-C.

The limited number of acute rejection patients is a key

limitation to our study. Further studies are needed to confirm

our findings using larger transplant cohorts. If these bio-

marker levels in the early post-transplant period can be shown

to accurately determine graft function, they could be useful as

surrogate markers. These researches may provide support for

the early detection of acute rejection and will facilitate future

anti-TNF therapy with specific antibodies and neutralizing

TNFR2 might be beneficial in the treatment of the renal

transplant recipients.
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