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Abstract

Background. Steroid resistant acute rejection is a risk factor for inferior renal allograft 

outcome.

Methods. From 873 kidney transplant recipients (1995-2005) 108 patients with a first 

rejection episode were selected for study using strict inclusion criteria and clinical 

end point definition. We aimed to predict response to corticosteroid treatment using 

gene expression of 65 transcripts. These reflect cytokines, chemokines, and surface 

and activation markers of various cell types including T cells, macrophages, B cells, and 

granulocytes. Steroid resistance (40% of the patients) was defined as requirement for 

anti-thymocyte globulin treatment within two weeks after corticosteroid treatment.

Results. None of the clinical and histomorphologic parameters showed a significant 

association with response to treatment. Univariate logistic regression analysis 

resulted in eleven mRNA markers, including T cell-related transcripts CD25, LAG-3, 

Granzyme B, and IL-10, and macrophage-specific transcripts MannoseR and S100A9, 

which significantly discriminated steroid resistant from steroid responsive rejections 

(P<0.05). In multivariate logistic regression the combination of T cell activation 

markers CD25:CD3e ratio (OR=8.7, CI: 2.4-31.2) and LAG-3 (OR=3.3, CI: 1.4-7.7) 

represented the best predictive model for steroid response (P<0.0001). Specificity 

and sensitivity were 78% and 60%, respectively. After internal stratified ten-fold 

cross-validation the model remained significant. Inclusion of clinical variables into 

the model with molecular variables did not enhance prediction. 

Conclusions. Differences in intragraft expression profiles reflect variability in 

the response to anti-rejection treatment. In acute rejection, molecular markers, 

particularly those reflecting T cell activation, offer superior prognostic value 

compared to conventional parameters.
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Introduction

After kidney transplantation, the occurrence of acute rejection is one of the most 

important risk factors for adverse graft outcome 1-3. Acute rejection is a complex 

process in which infiltrating cells of the host immune system cause injury to the 

allograft. The Banff classification 4-7 represents histomorphologic criteria to determine 

the severity of the acute rejection based on the site and degree of inflammation in 

the renal allograft biopsy.

A main parameter determining graft outcome is therapy sensitivity of the acute 

rejection episode 3;8;9. In most cases a first rejection episode can be adequately 

treated with high-dose corticosteroids. However, in approximately 30% of the 

patients the rejection episode cannot be reversed with corticosteroid therapy alone 
2;8;10. In these cases of steroid resistance the patient requires more rigorous therapy 

with anti-thymocyte globulin (ATG). Acute rejection episodes leading to incomplete 

restoration of graft function upon treatment may lead to progression of chronic 

damage to the graft, and have a detrimental effect on graft outcome 8;9;11.

Once the diagnosis acute rejection has been made, it is difficult to predict the 

response to anti-rejection treatment using clinical parameters and histopathologic 

assessment of the biopsy. Availability of molecular markers could help to assess 

which patients will respond to steroid treatment and which patients are in need 

of immediate ATG treatment. Indeed, several studies have described cellular and 

molecular markers in the graft tissue, of which the expression was found to be 

associated with therapy resistance (reviewed in 11). Sarwal and colleagues found 

increased expression of B cell-, cytotoxic T cell-, and natural killer cell signatures 

in steroid resistant acute rejection in renal allografts of children 12. In more recent 

studies investigators have not been able to confirm that the presence of intragraft 

B cells, on basis of CD20 expression, is associated with therapy response and/or 

graft function after rejection 13-16. It has further been shown that high FasL mRNA 

expression 17 and dense granulysin staining 18 in renal allograft biopsies, as well as low 

FoxP3 expression in urinary sediments 19, were associates of steroid resistance. The 

presence of macrophages during acute rejection within the graft was also found to 

be associated with steroid resistance 20-23. Together, these results give an indication 

of the complexity in accurately predicting the response of kidney transplant patients 

to anti-rejection treatment with steroids.
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In the current study we investigated a broad panel of immunological markers, 

measured by quantitative PCR (qPCR), in a large cohort of patients suffering from 

a first acute rejection episode. We aimed to predict response to anti-rejection 

treatment on the basis of molecular markers in the allograft biopsy.

Materials and methods

Patients

We reviewed all 873 patients who received a renal allograft in our center between 

1995 and 2005. All patients who had suffered from histologically proven acute 

rejection were included in the study. Further criteria for this study were: 1) only first 

rejection episode biopsy specimens were included; 2) only patients who received 

corticosteroids as anti-rejection treatment were included; 3) patients who received 

ATG as induction therapy were excluded; 4) all studied biopsy cores had been obtained 

prior to the start of anti-rejection treatment. Frozen material, for RNA extraction 

and quantitative PCR (qPCR), was available from 108 patients who met the criteria. 

Nine samples were excluded from analysis: 1 sample due to RNA degradation and 8 

samples due to too low RNA yield from the biopsy. In total, 99 patients were included 

in the statistical analysis (Figure 1).

Seventy patients (70.7%) received no induction therapy and 29 patients (29.3%) 

received induction therapy with an IL-2 receptor blocker (Daclizumab). Maintenance 

immunosuppressive medication consisted of a calcineurin inhibitor (Cyclosporine A or 

Tacrolimus) and prednisone. Fifty-six patients (56.6%) also received an antimetabolite 

(Mycophenolate Mofetil) as part of the maintenance immunosuppression. 

Immunosuppression for the treatment of acute rejection consisted of pulse therapy 

for 3 days with a 1-g bolus of intravenous methylprednisolone daily.

Definition of primary clinical endpoint

The primary clinical endpoint was response to anti-rejection treatment with 

methylprednisolone. Steroid resistant acute rejection was defined as lack of clinical 

response (serum creatinine level did not return to within 120% of the pre-rejection 

baseline value 16;24;25) to steroid pulse therapy, and a requirement for anti-thymocyte 

globulin treatment within 14 days after the start of the steroid therapy. In the steroid 
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resistant group, the time between initiation of steroid treatment and ATG treatment 

was on average 7.3 ± 3.5 days (in 82% of the patients an interval of ≥ 5 days 25;26). In 

seven cases, ATG was given within 5 days after initiation of steroid treatment. Reason 

was insufficient decline in serum creatinine, stagnation of the decline above the 

120% level, or a rising serum creatinine level despite the steroid treatment. A total 

of 59 patients with steroid responsive acute rejection and 40 patients with steroid 

resistant acute rejection were evaluated in the study (Figure 1).

Figure 1. Flow diagram of the sample selection. All patients who received a renal allograft in 
our center between 1995 and 2005 were reviewed (n=873). All patients who had suffered 
from histologically proven acute rejection were considered for study. Further selection criteria 
led to 59 patients with steroid responsive acute rejection and 40 patients with steroid resistant 
acute rejection for investigation in the study.

Biopsy samples

At least two biopsy cores were collected from each patient. One core was formalin 

fixed, embedded in paraffin, and used for histochemical stainings. Three independent 

pathologists (I.B., N.G. and M.G.) blinded to the clinical data of the patients and 

outcome of the acute rejection revised individual Banff lesions on all biopsies according 

to Banff 2011 criteria 7. The pathologists highly agreed on acute and chronic changes 

and reached a satisfactory inter-observer agreement. The second biopsy core was 

immediately snap frozen in liquid nitrogen and stored at -80°C. Immunofluorescent 

staining for C4d was performed on frozen sections from 93 of the 99 (94%) patients 

with mouse anti-human C4d antibody, as described previously 13;27. Biopsies with 

diffuse C4d+ staining were assessed for histomorphologic characteristics indicative 

of a possible antibody-mediated rejection.
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RNA extraction and quality assessment

Eight to ten 10-μm sections were cut with a cryomicrotome from each snap frozen 

biopsy core. Total RNA from the renal tissue was extracted using the RNeasy Mini Kit 

(Qiagen, Chatsworth, CA). RNA quality was determined on Nano LabChips with the 

Aligent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). The RNA concentration 

was 2.75 ± 1.13 μg, mean 28S:18S ratio was 2.1 ± 0.05, and mean RIN was 8.00 ± 0.98.

Real-time quantitative PCR analysis

An average of 0.89 ± 0.19 µg of RNA from each frozen biopsy core was transcribed 

into cDNA, according to a previously described protocol 28. To prevent amplification 

of genomic DNA, forward and reverse primers for each transcript targeted separate 

exons, spanning at least one intron with a size of 800 bp or more. Primer sequences 

can be provided on request. All primer sets were tested before use on control 

cDNA and genomic DNA to ensure optimal performance and no amplification of 

genomic DNA. Reactions and PCR conditions have been described previously 28. All 

PCR efficiencies were between 90% - 110%. Relative gene expression levels were 

determined on the basis of a standard curve (in duplicate) of five serial dilution points 

of reference cDNA (qPCR Human Reference Total RNA, Clontech, France). Differences 

in mRNA expression levels were normalized either to the geometric mean signal of 

the reference genes GAPDH, 18S rRNA and β-actin (inter-correlation ranged between 

0.88 and 0.95), or normalized to the signal of CD3e. For each marker reference-gene-

normalized mRNA levels and CD3e-normalized mRNA levels were calculated.

Statistical analysis

Comparison of categorical data between patient groups was evaluated using 

Pearson chi-square tests. With respect to steroid response of the acute rejection, the 

predictive value of individual mRNA markers and of clinical and histomorphologic 

parameters was analyzed using univariate logistic regression analysis. Multivariate 

logistic regression analysis was used to test if multiple markers combined could 

provide a model with a higher predictive value. Markers were included stepwise in 

the model based on the likelihood ratio statistics. The obtained candidate marker set 

was validated using stratified ten-fold cross-validation. All logistic regression analyses 

were performed using a classification cutoff of 0.5, and logistic regression data is 

presented as odds ratios (OR) with 95% confidence interval (CI). Receiver operating 



1
2
3
4
5
6
7
+

67

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15

R16

R17

R18

R19

R20

R21

R22

R23

R24

R25

R26

R27

R28

R29

R30

R31

R32

R33

R34

R35

characteristics (ROC) analysis was performed to evaluate the predictive value of 

multivariate parameters.

All statistical tests were two-sided and P values less than 0.05 were considered 

as significant. Statistical analyses were performed using the SPSS statistical package 

(SPSS Inc., version 17.0.2, Chicago, IL, US).

Results

Demographics and clinical data

Demographic and clinical characteristics were not significantly different between 

the steroid responsive (n=59) and steroid resistant (n=40) patients (Table 1). No 

significant differences were found in rejection severity (P=0.64, Table 2) and C4d 

positivity (P=0.40, Table 1). In the 13 biopsies showing C4d positivity we investigated 

histomorphologic characteristics (granulocytic infiltrate, microthrombi, peritubular 

capillaritis, and necrotizing vascular rejection) indicative of a possible antibody-

mediated rejection. None of these biopsies showed such features.

The steroid resistant group had significantly higher serum creatinine levels at 6 

months (P=0.008) and 12 months (P=0.008) after the transplantation compared with 

the steroid responsive group. The graft survival after 12 years was 60.4% for the 

steroid resistant group and 81.9% for the steroid responsive group.
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Table 1. Demographic and clinical data of patients with steroid responsive and steroid resistant 

acute rejection.

Variable Steroid responsive Steroid resistant P value
(N=59) (N=40)

Patient age 0.69
≥ 50 years 26 (44.1%) 16 (40.0%)

Patient gender 0.89
Female 20 (33.9%) 13 (32.5%)

Donor age 0.35
≥ 50 years 21 (35.6%) 18 (45.0%)

Donor gender 0.66
Female 38 (64.4%) 24 (60.0%)

Year of transplantation 0.15
1995 through 1999 36 (61.0%) 30 (75.0%)
2000 through 2005 23 (39.0%) 10 (25.0%)

Donor type 0.30
Living 11 (18.6%) 11 (27.5%)
Post mortal 48 (81.4%) 29 (72.5%)

HLA-A matching 0.75
≥ 1 mismatch 38 (64.4%) 27 (67.5%)

HLA-B matching 0.89
≥ 1 mismatch 45 (76.3%) 31 (77.5%)

HLA-DR matching 0.36
≥ 1 mismatch 36 (61.0%) 28 (70.0%)

Virtual PRA 0.74
Immunized (6-100%) 17 (29.3%) 13 (32.5%)

Cold ischemia time 0.46
> 18 hours 32 (66.7%) 26 (74.3%)

Induction therapy 0.44
Daclizumab 19 (32.2%) 10 (25.0%)
None 40 (67.8%) 30 (75.0%)

Maintenance therapy 0.28
Double therapy 23 (39.0%) 20 (50.0%)
Triple therapy 36 (61.0%) 20 (50.0%)

Delayed graft function 0.18
Yes 17 (29.3%) 7 (17.5%)

Rejection time 0.80
<3 months post Tx 57 (96.6%) 39 (97.5%)
3-6 months post Tx 2 (3.4%) 1 (2.5%)

C4d staining 0.40
Positive 6 (11.3%) 7 (17.5%)

Vascular rejection 0.25
Yes 17 (28.8%) 16 (40.0%)

PRA, panel reactive antibodies; Tx, transplantation
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Table 2. Diagnostic categories according to Banff 2011 criteria of patients with steroid 

responsive and steroid resistant acute rejection 1.

Diagnostic category Steroid responsive Steroid resistant
(N=54) (N=36)

Borderline changes 25 (46.3%) 12 (33.3%)
TCMR grade IA 6 (11.1%) 2 (5.6%)
TCMR grade IB 6 (11.1%) 6 (16.7%)
TCMR grade IIA 12 (22.2%) 10 (27.8%)
TCMR grade IIB 2 (3.7%) 3 (8.3%)
TCMR grade III 3 (5.6%) 3 (8.3%)

1 No significant differences were found between groups (P=0.64). In each group, three biopsies 
did not contain sufficient cortex to determine a Banff score. Three additional patients had a 
clinical rejection (with i- and t-scores of 0). TCMR, T-cell mediated rejection

Evaluation of predictive value of clinical and molecular variables with respect to 

steroid response

Univariate analysis

We questioned whether differences in the expression of immunomarkers between 

the treatment response groups could predict steroid-refractory acute rejection. No 

significant differences in the RNA concentration, purity, and quality between the 

groups were found (data not shown). Expression of 73 markers was quantified by 

qPCR (see Table S1). Eight markers were excluded from further analysis due to an 

inferior melt curve in the PCR assay or due to low expression in all biopsies.

We tested whether clinical and histomorphologic parameters influenced 

the response to steroid treatment. None of these parameters had a significant 

relationship with steroid response in univariate logistic regression analysis (Table 

3). We tested whether mRNA expression of molecular markers can predict response 

to corticosteroid treatment by using univariate logistic regression analysis. Eleven 

markers had an odds ratio (OR) below 0.5 or above 2.0 (Table 4).
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Table 4. Univariate and multivariate logistic regression analysis of predictive value of molecular 

markers for steroid response.

Variable Specificity Sensitivity Positive 
PV

Negative 
PV

OR 95% CI P value

Univariate analysis
CD25:CD3e 86.4% 37.5% 65.5% 67.1% 5.76 1.76 – 18.80 0.004
CD25 83.1% 40.0% 61.5% 67.1% 3.70 1.41 – 9.70 0.008
MannoseR 81.4% 30.0% 52.2% 63.2% 4.67 1.42 – 15.36 0.011
S100A9 83.1% 42.5% 63.0% 68.1% 2.33 1.22 – 4.44 0.011
LAG-3:CD3e 81.4% 22.5% 45.0% 60.8% 3.80 1.30 – 11.15 0.015
CXCL13:CD3e 81.4% 37.5% 57.7% 65.8% 2.06 1.10 – 3.83 0.023
LAG-3 84.7% 25.0% 52.6% 62.5% 2.43 1.12 – 5.26 0.025
RORγT:CD3e 84.7% 25.0% 52.6% 62.5% 0.48 0.24 – 0.94 0.032
IL-10 83.1% 25.0% 50.0% 62.0% 3.02 1.07 – 8.63 0.038
STAT6:CD3e 88.1% 20.0% 53.3% 61.9% 0.28 0.09 – 0.93 0.038
Granzyme B 83.1% 17.5% 41.2% 59.8% 2.05 1.01 – 4.17 0.048

Multivariate analysis
Multivariate model 78.0% 60.0% 64.9% 74.2% 0.00008

CD25:CD3e 8.66 2.40 – 31.21 0.001
LAG-3 3.29 1.41 – 7.69 0.006

All molecular markers with a significant P value in the univariate logistic regression analysis, 
and the clinical and histomorphological parameters were included in the multivariate logistic 
regression analysis. Only markers and parameters that reached significance and represent 
independent variables in the multivariate analysis are shown in the table. PV, predictive value; 
OR, odds ratio; CI, confidence interval

Multivariate analysis

Multivariate analysis with logistic regression resulted in a predictive model 

(P=0.00008) that contained the CD25:CD3e ratio (OR=8.7; P=0.001) and LAG-3 

(OR=3.3; P=0.006) as independent covariates (Table 4). The specificity and sensitivity 

of this multivariate predictive model were 78% and 60%, respectively. The receiver 

operating characteristics (ROC) analysis showed that the predictive value of the 

multivariate model was significant (P=0.00002). Area under the curve (AUC) was 0.76 

with a 95% CI of 0.66 – 0.85 (Figure 2). Inclusion of the clinical and histomorphologic 

parameters in the multivariate logistic regression model containing the molecular 

predictors did not enhance predictive power.
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Figure 2. Predictive value of the multivariate logistic regression model for steroid resistant 
acute rejection. The receiver operating-characteristic (ROC) curve shows the percentage of 
true-positive results (sensitivity) and false-positive results (100 – specificity) for various cut-
off levels of the multivariate logistic regression model, containing the molecular markers 
CD25:CD3e and LAG-3. The area under the curve of the ROC curve is 0.76 (P<0.001) with a 
95% CI of 0.66 – 0.85.

Cross-validation model

For internal validation of the findings, a stratified ten-fold cross-validation was 

performed. The multivariate logistic regression analysis with cross-validation resulted 

in the same significant predictive model as before, containing the CD25:CD3e ratio 

and LAG-3 as independent covariates (mean P-value of 0.0004 ± 0.0004). The 

specificity and sensitivity of the cross-validated multivariate predictive model were 

76% ± 20% and 43% ± 22%, respectively. ROC analysis for the model was significant 

(P=0.037).

Discussion

Steroid-refractory acute rejection is a risk factor for adverse renal allograft 

outcome 8;9. To identify molecular associates of steroid resistant acute rejection, 

we performed a retrospective cohort study in a large cohort of renal transplant 

patients with a first rejection episode. None of the clinical and histomorphologic 

parameters tested showed significant association with treatment response. Eleven 

transcripts significantly discriminated steroid resistant rejections and steroid 
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responsive rejections in univariate analysis. In multivariate logistic regression, the 

combination of T cell activation markers CD25:CD3e ratio and LAG-3 represented 

the best predictive model for steroid response. The specificity and sensitivity of this 

multivariate predictive model were 78% and 60%, respectively. After internal cross-

validation the predictive model remained significant.

For the current study, we selected a panel of immune-related genes, which 

included markers previously reported in association with steroid response 12;17-23;29-33, 

and which together reflected the full immune repertoire that may be present in the 

grafts (Table S1). These included cytokines, chemokines, and surface and activation 

markers of various cell types including cytotoxic T cells, T helper cells, regulatory 

T cells, classically and alternatively activated macrophages, B cells, plasma cells, 

natural killer cells, granulocytes, and mast cells. We found that the combination of 

the CD25:CD3e ratio and LAG-3 represented the best predictive model for steroid 

response. These markers are mainly expressed by activated T cells and regulatory 

T cells and represent cell surface proteins involved in signal transduction 34-38. CD25 

is the α-subunit of the IL-2 receptor (IL-2R), which is important in the regulation 

of the survival and proliferation of T cells 35;36. Lymphocyte activation gene-3 (LAG-

3 or CD223) is an activation-induced marker involved in the negative regulation of 

homeostasis and T cell function 34;38. It is for the first time that these markers are 

linked to steroid resistance in renal transplantation. Interestingly, several studies 

have demonstrated that T cell characteristics, through disparities in IL-2 responses, 

play a role in steroid resistance 30;31. Lee and colleagues identified in patients with 

steroid refractory ulcerative colitis a characteristic subgroup of peripheral CD25int T 

helper cells, which continued to proliferate in vitro upon activation, despite exposure 

to glucocorticoids 32. This finding together with observations from the current study 

may suggest that steroid resistance resides in specific activated T cell populations 

and is not a feature of all lymphocytes. Hueso and colleagues have shown that low 

pretransplant levels of CD3+CD25high lymphocytes were associated with an increased 

risk for early acute renal allograft rejection 39, which is likely a reflection of low 

levels of regulatory T cells 40;41. The CD25:CD3e ratio at the mRNA level, associating 

with steroid resistant acute rejection, is probably more a reflection of activated 

T cells, comparable to the CD25int cells described by Lee and colleagues, rather 

than of regulatory T cells. A potential clinical implication of current findings is the 

identification of patients who do not respond to steroid treatment and may benefit 

from immediate ATG treatment after the diagnosis of acute renal allograft rejection.
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In other studies, the presence of B cells (CD20) 12;29;33, macrophages (CD68) 20-23, 

and cytotoxic T cells (Granzyme B, FasL) 17 was associated with steroid resistant acute 

rejection. With did find by univariate analyses association between expression of 

Granzyme B and macrophage-specific transcripts (Mannose receptor, S100A9) with 

steroid resistant rejection. We could not confirm, however, the predictive value of 

CD20 expression. Complementary B cell specific transcripts, including CD19, CD22 

and CD252, gave similar results. Besides the set of immunomarkers, transcripts 

of glycine amidinotransferase (GATM), phytanoyl-CoA hydroxylase (PHYH), and 

epidermal growth factor (EGF), of which relatively high levels were related to steroid 

responsive acute rejection in a previous study 12, were not of prognostic relevance 

in the current study. One aspect that may have influenced the discrepancy between 

findings from the current study and some findings from others could be differences 

in the age of the patients (for example, adults versus adolescents and children), type 

of immune suppression, the number of HLA mismatches, the sensitization grade of 

the patients, and the time between transplantation and the rejection episode. Of 

note, several other investigators also have not been able to confirm the association 

of CD20 expression with steroid response of the acute rejection 13-16. Although not 

significant, in our study a higher percentage of vascular rejection was seen in the 

steroid resistant group (40%) compared to the steroid sensitive group (29%) (Table 

1). Vascular rejection was found to be associated with steroid resistance in previous 

studies 24;42;43, and its presence may have had an influence on therapy sensitivity in 

the current study.

We handled strict inclusion criteria, clinical end point definition, and quality 

controls for RNA processing and PCR assays. We decided to use qPCR rather than 

microarray analysis to measure intragraft mRNA expression, since the former 

technique is the best tool to quantify expression. Furthermore, expression of most of 

the interleukins and chemokines studied cannot be detected by microarray analysis. 

To have defined clinical criteria for response to anti-rejection therapy, steroid 

resistance of the acute rejection was adopted when the patient required ATG within 

two weeks after initiation of the steroid administration.

Some comments need to be made with regard to the current findings. In this 

retrospective study, none of the C4d-positive biopsies showed histomorphologic 

characteristics indicative of a possible antibody-mediated rejection. However, 

we had no information on the presence of donor specific antibodies at the time 
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of rejection. Therefore, we were unable to firmly conclude on the contribution of 

antibody-mediated rejection. Furthermore, we observed, as pointed out previously 
12, a considerable heterogeneity in transcriptional regulation among the acute 

rejection biopsies. Presence of multiple mechanisms underlying steroid resistance 

probably accounts for the restricted predictive power. Firstly, the outcome of 

acute rejection may be determined by the response of the renal parenchyma to 

inflammation besides the composition of the infiltrate itself. Secondly, interaction 

of the glucocorticoid receptor (GR) with its ligand might in part determine therapy 

response. Polymorphisms in NR3C1, the gene encoding for the GR, may affect 

the ability of this receptor to bind glucocorticoids 44;45. Further research needs to 

be performed to test the impact of polymorphisms in the NR3C1 gene on therapy 

response during acute rejection.

In conclusion, we evaluated a broad panel of immunological markers by qPCR 

profiling in a large cohort of renal allografts with acute rejection. Differences in 

intragraft expression profiles reflect variability in the response to anti-rejection 

treatment. With respect to therapy response of the rejection episode, molecular 

markers offer superior prognostic value compared to conventional parameters. The 

combination of the CD25:CD3e ratio and LAG-3 expression represents the best model 

for risk assessment of steroid resistance in patients suffering from acute rejection. 

This is of interest in terms of the pathogenic mechanism of steroid resistance. In the 

future, the results could be used to identify which patients will not respond to steroid 

treatment and may benefit from immediate ATG treatment. Our findings indicate 

that steroid resistance resides in specific T cell populations and is not a feature of all 

lymphocytes.
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