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Detection of Acute Rejection by Proteome Analysis
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Diagnosis of acute rejection after renal transplantation is still
confined 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 specific polypeptide pattern
was identified 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 classified 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 fibrosis, 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 classified correct-
ly as acute rejection. One sample is misclassified. Further two
samples are classified as non-acute rejection and the blinded
re-evaluation of the corresponding biopsies showed a borderli-
ne classification. The proteome pattern in borderline rejection
may be different, which would explain why urinary samples in
these patients were misclassified.

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.
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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 fluids
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 defined 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-specific polypeptide patterns
and to define biomarkers for disease, individual data from a
groups of patients (e.g. rejection) are compiled and compared
with others (e.g. control).
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Figure 3: Compiled polypeptide pattern from normal controls (NK), pati-
ents with renal transplants without pathological findings (C), patients with

rejection (R) or patinets with urinary tract infection. While the data appear

very similar at first 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-
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Figure 5: Identification of potential biomarker polypeptides
with MS/MS. Fragment of collagen alpha 5(1V), (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)

rols.

Pi_ID Mass CE.T NTX NK Pi ID Mass CE-T NTX NK
5352 1059 7 326 072 0 | 71931 4338 8 253 0,94 047
5354 1075 6 329 0,72 0 72916 4449 20 0,78 0,09
8368 1158 7 334 072 0 73079 4455 2 20 088 0,02
8823 1174 7 33,7 072 0,01 73307 4491 7 26 2 097 0,47
12121 12817 P25 072 0 73521 4520 199 075 0,05
12572 1297 7 328 0,72 1] 73772 4550 B 232 081 0,05
14244 1356 9 3 E 075 0 73904 4567 233 091 0,04
15132 13389 348 078 0,01 7410 4591 8 233 081 0,01
23930 17163 2086 0,58 0,85 75459 47711 2072 0,58 0,64
26851 1829 212 057 067 76149 4861 2 205 0,75 0.01
46378 X296 198 058 0,07 76172 4864 7 238 0,58 0,18
45948 2658 3 193 094 058 76646 4934 1 229 0,58 0,07
48925 27431 19,7 0,58 0,11 76816 4960 3 208 0,58 0,47
49161 2752 5 19 9 081 04 77003 4991 2 30 4 0,78 002
52406 2907 3 358 0,38 0,76 77351 5059 24 4 0,68 0,15
53009 29389 338 0,13 087 77470 5090 3 20 0,58 0,18
62348 34739 192 072 0,04 77795 5172, 249 021 0,04
64395 630 5 218 091 055 78150 5276 4 20 081 02
E58E1 3759 9 192 054 0,14 | 78211 5292 4 20 0,94 0,13
66718 38327 216 058 0,29 78496 5394 4 20 0,84 0,14
67523 J906 5 24 1 091 021 75806 5508 4 252 0581 0,05
65440 3996 8 21 091 062 79170 5627 4 20,3 0,72 0,02
BEB11 4032 4 223 075 0,05 79196 5638 5 20 0,75 0,02
BEBS1 4041 1 205 0,75 029 79809 5910 4 208 0,75 0
68379 4082 8 21 081 001 80446 6236 9 21 1 0 94 0 68
Bo521 4098 8 21 088 D 81883 7511.2 283 0,75 0,04
Bo9684 41149 211 0,78 0,02 82967 g559 2 19 4 0,91 0,24
629930 41399 20 094 0,07 84197 10199 3 21,1 0,94 069
71494 4305 9 25 091 0,11 85008 11474 1 215 0,581 0.0
71685 4322 251 1 033 85014 11490 7 21 B 078 0.0
71747 4324 B 213 058 0 BEB30 158186,1 192 0,54 009

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: Classification 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

protein- frequency by group [%] Protein- | frequency by group [%]
ID infecion | control ID rejection Control |
13422 70 8 s227 59 12
L 0 . 42 E e
2170 80 24 — = 5
4995 60 4
4103 47 8
14175 B0 4 PP =~ =
14820 60 4 7180 12 52
6568 50 36 9023 47 88
14233 60 8 4062 41 84
7203 41 84
8935 41 84
18848 ] 72
1079 24 68
1102 12 565
24 68
4475 i 84

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.

protein- frequency [%]
ID rejection | infection |
2024 B2 20
G455 B2 20
1586 I 20
1872 28 B
5873 28 B
18005 18 T
8546 & &0
18858 B &
13568 12 T
GEAT 0 el

2B: Distribution of potential bio- 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 identification of all
10 patients with infection. One
patient in the control group was
misclassified as having infec-
tion.

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 identified correctly. Two of the
misclassified 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 classification. None of
the control subjects were incor-
rectly identified as having rejec-
tion.

sample aGrade aGrade classification by proteome analysis
ID initial diagnosis re-evaluation
control c1 no AR no AR rejaction
{n=10) c2 no AR no AR infection
c3 no AR bordedine rejection control
C4 no AR no AR control
C3 no AR no AR control
C& no AR no AR control
C7 no AR no AR control
ca no AR no AR control
ca no AR no AR control
c10 no AR no AR control
urinary U1 no AR no AR rajaction
tract Lz no AR no AR rejaction
infection U3 no AR no AR infection
{n=7) U4 no AR no AR Infection
us no AR no AR infection
UG no AR no AR control
u7 no AR no AR control
rejection R1 la la rajection
R2 b la rejaction
R3 b la rejection
R4 la Ib rejection
RS la la rejection
RG Ib la control
R7 la la rejaction
R& la borderdine rejection infection
RS la bordedine rejection control

Summary and Conclusion:

This study demonstrates that acute tubulointerstitial rejection
of renal allografts causes significant changes in the urine pro-
teome. These changes occur even in cases with subclinical and
histologically mild rejection. Specific polypeptide patterns were
identified 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 patternsin
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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