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Diagnosis of acute rejection after renal transplantation is still 
confi ned to allograft biopsy upon functional graft impairment. 
This study evaluates proteomic analysis of urinary samples as 
a non-invasive method to detect acute rejection in patients. 

A novel high throughput method, capillary electrophoresis on-
line coupled to mass spectrometry (CE-MS) was used for ana-
lysis. Analyses included 29 patients without acute rejection 
and 19 patients with different grades of subclinical or clinical 
acute rejection (BANFF Ia to IIb). In addition, 10 patients with 
urinary tract infection were examined. 

Using support vector machines, a specifi c polypeptide pattern 
was identifi ed by CE-MS that segregated patients with acute 
rejection from patients without. This pattern was present in 
acute tubulointerstitial rejection, but not in two samples with 
vascular rejection. Among the samples with tubulointerstitial 
rejection (n=17), one sample could not be classifi ed correct-
ly. With regard to urinary tract infection, several polypeptides 
were found enabling correct diagnosis in all samples with in-
fection as well as differentiation between infection and rejec-
tion. Potentially confounding variables like acute tubular lesi-
ons, tubular atrophy, tubulointerstitial fi brosis, and calcineurin 
inhibitor toxicity did not affect correct diagnosis. Likewise, de-
gree of proteinuria, hematuria, allograft function, and different 
immunosuppressive regimens did not interfere. 

Blinded analysis of 26 samples (Table 3) with and without re-
jection showed correct diagnosis by CE-MS in 14 out of 17 
cases for patients without rejection. Six out of nine samples 
from patients with acute renal rejection were classifi ed correct-
ly as acute rejection. One sample is misclassifi ed. Further two 
samples are classifi ed as non-acute rejection and the blinded 
re-evaluation of the corresponding biopsies showed a borderli-
ne classifi cation. The proteome pattern in borderline rejection 
may be different, which would explain why urinary samples in 
these patients were misclassifi ed. 

Detection of acute rejection by CE-MS is a promising non-in-
vasive tool for the post-transplantation surveillance of renal 
allograft recipients. Further efforts are necessary to establish 
separate patterns for vascular rejection and to explore whether 
acute rejection can be diagnosed when urinary tract infection 
is simultaneously present.

Technology:

Figure 1. Schematic drawing of the on-line coupling of ca-
pillary electrophoresis to the mass spectrometer used to se-
parate and identify proteins and polypeptides in body fl uids 
by their charge and size. After electrophoretic separation, the 
polypeptides are ionised by the application of high voltage and 
analysed in the mass spectrometer (ESI-TOF). The combinati-
on of the two instruments initially yields a mass spectrogram 
of mass per charge plotted against migration time. These data 
are subsequently electronically deconvoluted and normalized.

Figure 2: Graphic depiction of CE-MS data. All polypeptides 
detected in the sample are defi ned by the two coordinates 
mass (shown here in kDa on a logarithmic scale) and normali-
zed migration time (in min). Signal intensity, which is color co-
ded, is utilized as measure for the relative abundance of each 
polypeptide. To establish disease-specifi c polypeptide patterns 
and to defi ne biomarkers for disease, individual data from a 
groups of patients (e.g. rejection) are compiled and compared 
with others (e.g. control).

Figure 3: Compiled polypeptide pattern from normal controls (NK), pati-
ents with renal transplants without pathological fi ndings (C), patients with 
rejection (R) or patinets with urinary tract infection. While the data appear 
very similar at fi rst sight, closer examination reveals an array of indicative 
diferences (see below).

Table 1: 62 urinary polypeptides that allow discrimination between renal 
transplant patients and healthy non-transplanted subjects. Shown are the 
internal ID tag in the Mosaiques Database, mass, normalized migration time, 
and frequency of occurence in transplant patients as well as normal cont-
rols.

Figure 4: Graphic depiction of the 62 polypeptides that serve as discrimi-
nators between renal transplant patients and healthy controls. (see Table 1)  
within  the compiled polypeptide pattern shown in Figure 3. 

Table 2 A-C: Classifi cation of patients based on urinary polypeptides. Shown 
are the internal ID tag in the Mosaiques Database, and frequency of occu-
rence in the respective patients

2A: Distribution of potential biomarkers 
discriminating between patients with urina-
ry tract infection and patients without infec-
tion and rejection (control) in renal allograft 
recipients. 

2B: Distribution of potential bio-
markers discriminating between 
patients with acute renal allograft 
rejection and patients without 
(control) in renal allograft reci-
pients. Using the combination of 
these peptide patterns, 16 of 19 
patients with acute rejection could 
be identifi ed correctly. Two of the 
misclassifi ed samples belonged to 
patients with vascular rejection 
and the other one with tubuloin-
terstitial rejection appeared to be 
quite dilute (<800 polypeptides/
sample) which might have led to 
unreliable classifi cation. None of 
the control subjects were incor-
rectly identifi ed as having rejec-
tion. 

2C: Distribution of potential 
biomarkers discriminating bet-
ween patients with acute renal 
allograft rejection and patients 
with urinary tract infection. This 
combination of peptides allo-
wed correct identifi cation of all 
10 patients with infection. One 
patient in the control group was 
misclassifi ed as having infec-
tion. 

Figure 5:  Identifi cation of potential biomarker polypeptides 
with MS/MS. Fragment of collagen alpha 5(IV), (CA54_human); 
Mass: 1338.71;
Sequence: PPDQPGLPGLPGPP

Table 3: Validation experiments with blinded analysis of urine 
samples from patients with rejection, urinary tract infection, 
and without these conditions. The corresponding biopsies were 
re-evaluated blindly by the same pathologist who had initially 
examined the biopsies. (no AR: no acute rejection)

Summary and Conclusion:

This study demonstrates that acute tubulointerstitial rejection 
of renal allografts causes signifi cant changes in the urine pro-
teome. These changes occur even in cases with subclinical and 
histologically mild rejection. Specifi c polypeptide patterns were 
identifi ed for patients with tubulointerstitial rejection, infection, 
and control  transplant recipients without these conditions. In 
addition, urinary polypeptide patterns of transplanted patients 
are different from healthy subjects without transplant. 

In summary, we have established urinary polypeptide patterns in 
transplant patients that allow to differentiate between patients 
with acute tubulointerstitial rejection, urinary tract infection, 
and control patients without rejection or infection. This method 
seems to provide an interesting non-invasive tool to monitor 
patients after renal transplantation and may aid in identifying 
patients with possible rejection who need further diagnostic 
workup with allograft biopsy. Additionally, this method may 
help to identify novel mediators of rejection and allograft injury. 
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