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Abstract

Cytokines play a major role in the inflammatory and allo-specific

components of allograft rejection, and in the migration of cells

into graft tissue. IL-2 binding of sIL-2R plays a major role in T

cell activation. It is suggested that high urinary sIL-2R (U/sIL-

2R) in the first 3-5 post-transplant days identified the patient

sub-group at risk of developing acute rejection (RX). However,

it was difficult to distinguish between RX and infection (INFX)

as both of these factors can potentially affect serum sIL-2R

(S/sIL-2R) and U/sIL-2R concentrations independent of actual

production rates. The aims of this study were to validate and extend previous findings of the use of sIL-2R in
renal transplantation, to investigate other protein markers currently used such as serum C-reactive protein
(CRP), serum cystatin C (cys. C), and serum and urine creatinine (S/creat. and UCRE) and attempt to
differentiate RX from INFX. SIL-2R ELISA kit was validated and used to establish reference ranges in healthy
donors, transplant (TX) recipients, and renal disease controls. These values were compared with serial
estimations of S/sIL-2R and U/sIL-2R of patients post-TX. Levels of serum CRP, cys. C, S/creat. and UCRE
were also investigated in the renal disease control and 21 TX subjects to determine if a panel of investigation
would have enhanced clinical diagnosis. RX and INFX were determined retrospectively on an “intention to
treat” basis. Results show that sIL-2R levels in normal serum and urine subjects are lower than in disease
controls, that CRP and cys C are good indicators of RX as well as U/sIL-2R and S/sIL-2R, that UCRE is not a
good marker of differentiation, and that stratifying levels of these markers according to treatment
differentiated RX from INFX.
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Introduction

Renal transplantation (TX) is widely used as a
definitive therapy for chronic, end-stage
organ failure. Improved survival rate for
transplanted kidneys has been attributed to
better immune-suppression techniques [1].

Acute RX (cellular or vascular) frequently
complicate graft survival. T cells are pivotal in
RX [2], and RX is a process whereby donor
tissue is recognized and destroyed by the host
immune system [3].

The binding of IL-2 to the IL-2R on human T
cells constitutes the key regulatory event in
the initiation and maintenance of the
immune response.

The receptor, IL-2R, is found in two forms:
cellular and soluble. Both forms bind IL-2
efficiently, however, the soluble forms are
expressed at only very low levels [4]. The
structures responsible for RX are controlled
by histocompatibility genes, namely class I
and class II.

CD8+ cells are restricted to interact with class
I molecules, and CD4+ cells are restricted to
interact with class II molecules [5] HLA
matching improves TX survival.

Significantly higher S/sIL-2R was seen in
patients with renal diseases when compared
with healthy subjects [6]. The elevation of
S/sIL-2R acute-RX patients was shown to
occur as early as 3-8 days before the elevation
of S/create [7].

Further, it was shown that urinary IL-2 and
U/sIL-2R rise approximately 2-4 days prior to
the onset of clinical signs of RX, while plasma
levels rise two days later [8] Urinary

lymphokines are generated within the
transplanted kidney, and this supports the
concept that lymphokines that are associated
with RX are produced within the transplanted
organ, and that it appears in the plasma later

on [9].

Further studies have shown that IL-2R and IL-
2 were found in biopsied kidney tissues of the
collecting tubules and occasionally in the
lumen of the tubule [10]. Here I report the
results of a prospective study on 21 renal
transplant recipients, and show that sIL-2R is
a good and earlier detection criterion, and
that CRP, cys. C, S/creat. and UCRE help in
the differentiation between RX, INFX, and
normal transplant recipient (NTX) groups.
Further, sIL-2R, CRP, and cys. C could
differentiate INFX from RX  when
hospitalization periods prior to and after the
onset of RX and INFX were stratified.

Materials and methods

Patient population and blood and urine
collection

Venous blood was drawn from 5 consented
categories:

1. 21 renal TX patients at the Sheffield
Kidney Institute, six or more
consecutive serum and urine samples
were taken that included 1 pre-
transplant serum sample.

2. From outpatient clinic, 30 samples
/each category were drawn from
subjects with glomerulonephritis
(GN) and pyelonephritis (PY).

3. Subjects with lower urinary tract
infection (UTI), 30 samples were
collected from the Department of
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Clinical Microbiology (urine) and the
Department of Clinical Biochemistry
(serum).

4. 20-25 ml of urine sample from 37
normal healthy volunteers was
collected in universal tubes.

5. 79 normal blood samples were
collected from Blood Transfusion
Services (BTS).

All blood samples were centrifuged, and
serum was separated from cells. Samples were
kept at 4 °C for next day sampling, or they
were frozen at -20 °C until testing.

Urine samples were collected into a sterile
universal tube either by the subject or by an
attending nurse either normally or from
catheters that were connected to TX patients.

S/creat. values were taken directly from TX
recipient notes.

Renal TX recipients were divided into three
groups based on “intention to treat”. Patients
in the RX group were treated with methyl-
prednisolone and were culture negative at
time of treatment.

Patients in the INFX group had culture
positive at time of treatment with antibiotics.
Patients in the NTX group had neither INFX
(culture positive) nor RX episodes.

Commercial assays

1. Roche CRP, Art. No. 07 3665 1. Roche
products Ltd., UK.

2. Dako Cystatin C PET Kit, Code No.
0071, Lot No. 7. Dako A/S, UK.

3. IDS Diaclone sIL-2R ELISA kit, Cat.
No. 850.500.192. Immunodiagnostic
System Ltd., UK.

4. Roche CREA Unimate 5, Art. No. o7
3665 1. Roche products Ltd., U. K.

Data analysis

Descriptive statistics were used for blood
bank sera, normal urine, disease control
groups, and for 21 prospective renal
transplant recipient samples.

Geometric means (GM) were calculated for all
skewed data, and it was achieved by Logio
transformation of each group of data. Student
t-test was used to analyze data, and the
significance level of p value was taken <o.05.

Results

Normal and renal disease control groups’
markers levels

Results (Table 1) show that S/sIL-2R was
significantly elevated in renal disease controls
when compared with healthy subjects. U/sIL-
2R and cys.

C levels were not significantly different
between healthy and disease control groups
(p>0.05). CRP was significantly increased in
the UTI group (p<o.ooo01), and UCRE level
was significantly lower in the UTI and the GN
disease control groups than normal group
(p<o.05 and p<o.001, respectively).

When markers levels were compared between
the disease control groups (Table 2), S/sIL-2R
and UCRE levels were not significantly
different among all groups (p>0.05). U/sIL-2R
level was significantly lower in the GN group
(p<o.05), while CRP was significantly higher
in the UTI group (p<o.001). Cys. C level was
significantly higher in the GN than the PY

group (p<o0.05).
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Markers levels in RX, INFX, and NTX All markers levels were significantly increased
groups in the RX group when compared with the
NTX group (p<o0.01-p<o0.0001, Table 3).

Healthy UTI n=30 PY n=30 GN n=30
27 + 468 8316 + 238 015 + 18 8175 + 141
S/sIL-2R (pg/ml) 3527 £ 4 3 305 7015 35 75 £ 1413
n=79 P<0.0001 P<0.0001 P<0.0001
0 + 298 80 + 538 16 + 1431 64 + 410
U/sIL-2R (pg/ml) 445 9 49 53 54 43 4404 + 4
N=37 p>0.05 p>0.05 p>0.05
8050 + 20 6 + 1486 664 + 3036 06 + 1956
UCRE (mmol/L) 5 53 343 14 7664 £ 303 54 195
n=37 p<0.05 p>0.05 P<0.001
6 + 0.00 27 + 32 6+ 6+12
CRP (mg/L) 723 2 :
n=79 P<0.0001 p>0.05 p>0.05
.51+ 0.06 38 +0.32 .29 * 0. .70 * 0.
Cys. C (mg/L) 1.51 13 3 1.29 35 L7 4
n=79 p>0.05 p>0.05 p>0.05

Table 1: Parametric analysis (Student t-test) of data between healthy subjects versus disease control
groups, mean * 1.96 SEM results are shown. "The significant p values shown are comparison of disease
controls values of each group versus healthy subjects. "Values shown are GM + 1.96 SEM results.

U/sIL-2R S/sIL-2R CRP (mg/L) | Cys.C (mg/L) | UCRE (mmol/L)
GNvs PY <0.05-S >0.05-NS >0.05-NS <0.05-S >0.05-NS
GN vs UTI <0.05-S >0.05-NS <0.001-S >0.05-NS >0.05-NS
PY vs UTI >0.05-NS >0.05-NS <0.001-S >0.05-NS >0.05-NS

Table 2: Student t-test analysis of markers between the three disease control groups. ‘p values are shown,
S=significant, NS=Not Significant.

TX groups U/sIL-2R S/sIL-2R CRP Cys. C S/Creat. UCRE

(pg/ml) (pg/ml) (mg/L) (mg/L) (mmol/L) (mmol/L)

RX n=5 9879 + 2515 11427 + 1400 20+ 9 3.58 £ 0.57 404 £ 74 7509 + 1019
p<0.001 p<0.01 p<0.01 P<0.0001 P<0.0001 p<o.01

INFX n=3 6796 + 605 6632 + 569 35+11 1.92 + 0.41 322 * 55 6561 + 1589
p>0.05 P<0.0001 P<0.0001 P<0.0001 p<o0.01 p>0.05

NTX n=13 7026 + 779 g1l * 546 1m+3 1.48 + 0.32 256 * 49 6133 + 931

Table 3: Parametric analysis of each protein marker in rejection (RX), infection (INFX), and normal
transplant (N. TX) recipients. ‘GM = 1.96 SEM results are shown. “p values shown are data comparisons
between RX or INFX groups versus NTX group.

Further, the NTX group has significantly group (3smg/L) when compared with the
elevated S/sIL-2R (p<o0.0001) when compared NTX group. S/sIL-2R, S/creat., and cys. C
with the INFX group. CRP level was levels were significantly variable among the
significantly elevated (p<o.0001) in the INFX three TX groups (p<o.01-p<o.0001). UCRE
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level was significant between RX and N. TX
groups only (p<o.o1).

Except for CRP and UCRE levels (p > 0.05,
Table 4), the levels of other markers were
significantly increased (p<o.o1 for U/sIL-2R,
and p<o.oo01 for the other serum markers)
when RX and INFX groups were compared.

Stratification of time periods starting
from treatment days

Table 5 shows the GM results of logio
transformed data of stratified values for renal
TX recipients who were treated for RX or
INFX. When RX markers
compared with INFX levels, S/sIL-2R mean
stratified
(p<o0.05) above NTX range 9-u days prior to

levels were

value significantly increased
RX treatment (10,874 pg/ml). Stratified mean
S/sIL-2R levels decreased until 3-5 days prior
to RX treatment where it increased, but this

increase was within NTX ranges.

U/sIL-2R S/sIL-2R CRP Cys. C S/creat. UCRE
(pg/ml) (pg/ml) (mg/L) (mg/L) (mmol/L) (mmol/L)
RX vs INFX <0.01-S < 0.0001-S > (0.05-NS <0.0001-S <0.0001-S > 0.05-NS

Table 4: Student t-test analyses of markers between rejection and infection groups. ‘p values are shown,
S=Significant, NS=Not Significant.

RX U/sIL-2R S/sIL-2R CRP CysC S/creat UCRE
(pg/ml) (pg/ml) (mg/L) (mg/L) (mmol/L) | (mmol/L)
A 10225 + 6187 21141 + 596 45+ 15 4.74 £1.34 1034 183 11400 + O
T B 8602 + 2476 10874 * 3374 290+ 8 2.63 £ 1.15 519 + 134 5655 + 2117
C 6621 + 567 8740 + 1582 12+8 3.62 £ 0.93 411 + 107 6889 + 4154
BE D 8576 + 1721 9503 + 1478 24+7 2.68 £ 0.99 307 122 6494 + 1116
E 8449 £ 1431 9167 £ 1505 145 3.49 + 0.98 368 + 140 Q005 * 1114
AF F 10154 + 2838 10552 * 2148 20 * 24 4.01 £ 0.87 381 + 114 7917 + 1593
G 0843 + 3165 10364 * 2155 1 +12 3.56 + 0.77 342 + 93 7890 * 951
H 15158 + 6154 14646 + 2208 14+9 3.55 £ 0.72 388 + 62 7053 £ 1130
I 15091 + 9304 15727 + 2984 20 + 27 3.98 + 0.78 470 * 26 6747 + 656
J - 21601 + 1871 98 + 55 5.70 + 0.46 482 £ 25 -
K - 21548 + 754 62 +12 5.21* 0.07 63773 -
INFX
A - - - - - -
B 8945 + 1720 5685 + 1235 37 +34 3.10 + 0.30 427 + 62 2551 + 500
C 6638 * 759 7417 1036 21+17 3.80 £ 0.93 522 * 106 5979 * 2017
BE D 5816 + 480 6271 + 495 37 +10 2.32 * 0.30 381+ 61 6910 + 1233
E 7990 * 1216 6387 + 527 49 24 2.47 + 0.47 352 + 89 8527 + 2503
AF F 6566 + 689 5037 + 417 46 £ 23 2.34 + 0.34 345 + 73 7221 + 2767
G 7418 + 796 5462 + 756 31+7 2.41+ 0.62 420 £ 52 8835 + 2423
H 7048 + 469 5711 + 302 25+ 6 1.63 * 0.55 349 * 60 7569 * 1701
I 7168 £ 0 8049 £ 1057 60 t7 0.79 £ 0.03 217+ 9 4200 = 0
J 5148 + 371 7896 + 1687 40 + 10 0.61 £ 0.04 120 + 4 4209 +1048
K 5765 + 600 10637 + 981 28+ 8 0.59 + 0.01 121 + 3 2750 + 50

Table 5: Stratified mean + 1.96 SEM results of logio transformed data starting from rejection or infection

treatment day. "A=12-14 days prior to treatment, B=g-11 days prior to treatment, C=6-8 days prior to
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treatment, D=3-5 days prior to treatment, E=treatment day-2 days prior to treatment, I=10-12 days post

treatment, J=13-15 days post treatment, K=16-21 days post treatment, F=1-3 days post treatment, G=4-6 days

post treatment, H=7-9 days post treatment, Before treatment=BE, "After treatment=AF.

“Unlike the RX group, no values are seen in row A of INFX group because the maximum INFX treatment

day for some members of this group was day 11. ‘Markers levels above NTX ranges before treatment are

shown in bold.

U/sIL-2R levels decreased until 3-5 days prior
to RX treatment where it increased above
NTX ranges (8,576 pg/ml), but this increase
was not significant (p>0.05) when levels were
compared with INFX levels at the same time
period. S/creat.

levels were increased outside the NTX ranges
12-14 days prior to RX treatment (1,034
pumol/L), and the levels decreased until o-2
days prior to RX treatment when it increased
(368 pmol/L). The INFX group showed
significantly higher (p<o.05) S/creat. level 6-8
days prior to INFX treatment when levels
were compared with the RX group (522
pumol/L).

CRP levels were always elevated outside the
NTX range in the INFX group, but a
significant increase (p<o0.05) in the levels
occurred o-2 days prior to INFX treatment
(49mg/L) when levels were compared with
the RX group at the same time period. Cys. C
levels were always outside the NTX ranges
both in the RX and in the INFX groups, but
levels were significant (p<o0.05) 6-8 days prior
to INFX treatment (3.8omg/L) when
compared with the RX group.

UCRE increased outside the NTX ranges o-2
days prior to RX and INFX treatments (9,005
pmol/L and 8,527 pmol/L, respectively), but
there was no significance between their levels
when both groups were compared.

Discussion

It has been demonstrated increased sIL-2R in
the serum of disease controls in comparison
with normal healthy subjects. Further, it has
been also demonstrated that the levels of the
same marker in the urine of healthy subjects
were not significantly different from the levels
of disease controls. This finding was in
accordance with those elsewhere [6,11-14],
which may demonstrate reduced marker
excretion from the kidney and increased
activation of T helper cell population [11,14].
Together with sIL-2R levels, subjects in the
urinary tract infection group had also higher
CRP levels than did healthy individuals or
subjects in the other two disease controls.
Infection of the urinary tract leads to local
tissue injury and inflammation, and CRP
levels elevate in response to the severity of the
disease [15,16].

In other studies that explored advanced
epithelial ovarian cancer and renal cell
carcinoma, a strong association was found
between high serum sIL-2R and CRP [17,18]
Disease control subjects attended the
outpatient clinics for diagnosis and
treatment, and cases such as chronic
pyelonephritis were already receiving
therapy. This might explain the low CRP
levels in this group since the acute episode
has passed. Cystatin C level is a marker of
glomerular filtration rate (GFR) [19-21] which
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is expressed as GFR=UV/P (U=urine

concentration, V=urine volume, and
P=concentration of the substance or protein
in plasma) [22]. The slightly increased, but
not significant compared to healthy subjects,
levels of this marker in patients who were
diagnosed clinically as having glomerulo-
nephritis may indicate early problems with
GFR. Lower cystatin C levels in this group,
however, could be the result of therapy. Only
patients in the pyelonephritis control group
had significantly lower marker levels when
compared with subjects in the glomerulo-
nephritis group. The reason for this is not

obvious.

Creatinine is excreted from serum to urine by
the process of glomerular filtration, and some
workers use its serum concentration level to
predict renal function [23-25]. However, other
underlying disease conditions, such as hypo-
and hyperthyroidism, can cause alterations in
muscle metabolism, which leads to
alterations in creatinine production, and
therefore, elevation or reduction of creatinine
excretion in urine [26-28]. Urine creatinine
was not clinically useful as a marker to
differentiate two of the disease control groups
from healthy subjects, probably as a result of
interfering factors such as dialysis, and the
level of this marker was not significant among
the disease controls in this study.

Only glomerulonephritis disease controls had
significantly lower urine creatinine when
compared with healthy subjects. This may
further be related to reduced GFR that could
increase serum levels of this marker. Three
out of four markers of study appear to have
clinical utility in the diagnosis of rejection
and infection in the post-transplant period.

These markers include serum and urine sIL-
2R, CRP, and cystatin C. Urine creatinine was
not important as a marker of differentiation
because this marker level was not
significantly different among the disease
control groups.

Urine sIL-2R and serum sIL-2R levels were
significantly higher in the rejection group
than infection and normal transplant
recipient groups. The level of this soluble
marker is dependent on the number of T cells
being activated. The high urine sIL-2R in the
rejection group, and the low levels of this
marker in the infection and normal transplant
groups are consistent with the results of
Simpson et al. [8]. They concluded that the
origin of elevated urine sIL-2R was from
within the transplant, and that serum levels
elevated two days later than the urine. This
could be a «clue that direct antigen
presentation by renal cells was taking place in
the rejecting group.

This may be the reason that the urinary tract
infection group above had elevated serum
and not urine sIL-2R following inflammation
of lower urinary tract and supports the
concept that serum sIL-2R is a secondary
phenomenon reflecting T cell activation in
the transplant. [8] This could be also one
reason behind the lower levels of this marker
in the urine and serum of the infection group
of transplant recipients. However, unlike
other previous results [29], the lower levels of
this marker in the serum and urine of
transplant infection cohort (compared with
rejection and normal transplant groups)
could be attributed to two reasons. The first
reason could be the low number of patients in
this group (n=3), and the second reason could
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be due to the normal renal transplant
function [30]. The results of my study were
different from that of Cassiraghi, et al. [31] in
many ways. There were no disease control
groups or transplant infection group in that
study, Cellfree kits were used, and their
results indicated no difference in serum sIL-
2R levels between patients experiencing
rejection and those who had stable graft. As
one group concluded, an isolated value
probably may not provide a clue to the
condition of the graft [32], but as
demonstrated here, serial daily values post-
transplant is important [33].

Only then it can see changes in the levels of
sIL-2R. Finally, excess creatinine is removed
by dialysis, and creatinine correction of urine
or serum slL-2R is affected by it. Some
workers did not take this point into
consideration when performing creatinine
correction on urinary sIL-2R values [34].

CRP level was significantly higher in the
infection and in the rejection groups when
compared with the normal transplant
recipients, but it was not significantly
different when the rejection group was
compared with the infection group. Because
CRP is an acute phase protein, usage of CRP
as a marker of rejection or infection should
have limitations because the presence of any
inflammation leads to the elevation of this
marker. In other words, this marker can be
used to determine the severity of the
inflammation, not its cause [35]. The
elevation of this marker as a result of surgery
subsides, but a further rise could be an early
sign of complications that may be related to
either rejection or infection. One study
showed similar results to mine in that

rejection and infection produced similar
patterns of C-reactive protein increase post-
transplant. They concluded that C-reactive
protein was unable to discriminate the causes
of renal graft dysfunction [36].

Cystatin C level was significantly higher in the
rejection group when compared with
infection and normal transplant groups. As a
low molecular weight marker of kidney
damage and reduced GFR, cystatin C level
rises in rejection and its level will not be
affected by dialysis [37]. Further, the low level
of this marker in the infection group indicates
that this protein is unaltered in inflammatory
conditions. The same result was achieved by
other workers [38,39]. Unlike creatinine,
Cystatin C has the advantage of being
independent of gender and muscle mass [40].
In one study with renal transplant patients,
cystatin C, in terms of positive predictive
value, had a similar diagnostic value as
creatinine clearance. However, it was
superior to serum creatinine due to the better
ability of cystatin C to reflect changes in
mildly impaired GFR that is critical for early
detection of rejection and other function
impairment [41].

Serum creatinine level is the marker
commonly used as a predictor of GFR in
chronic renal disease [42]. Serum creatinine
level was important in daily renal assessment,
but Increased creatinine in serum is a sign of
impaired kidney function (GFR), and
rejecting patients are placed back on dialysis
to remove the excess creatinine. However,
some workers fail to take this factor into
consideration when they carry out creatinine
corrections of markers [43,44]. Even though
serum creatinine levels are important on a
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daily basis and in daily individual assessment,
this marker could not show whether low GFR
was due to rejection or infection, and its level
is affected by dialysis. Results of this study
also indicated that urine creatinine level was
not significant between infection, rejection,
or normal transplant groups, and, therefore,
it could not be used as a marker of
differentiation. Therefore, it is concluded that
the levels of urine sIL-2R, serum sIL-2R, CRP,
cystatin C, and serum creatinine could be
used to differentiate rejection from infection
and from normal transplant groups, and that
dialysis will interfere with the usefulness of
creatinine correction of values.

The prognostic and predictive values of these
markers post-transplant was explored to see if
they can predict the onset period of rejection,
and if they can differentiate rejection from
infection in any time period. Urine sIL-2R,
serum sIL-2R, CRP, and cystatin C levels
increased 3-5 days prior to rejection (or 7-9
days post-transplant). CRP levels increase o-2
days prior to infection treatment. Other
workers found that serum and urine sIL-2R
increased 4 days to rejection day, which is a
similar time course to this study (3-5 days)
[44,34] Another group reported increases in
serum sIL-2R 3-8 days before elevation of
serum creatinine [7]. In this study, elevation
of sIL-2R occurred 9-11 days prior to diagnosis
of rejection, and 7-9 days prior to serum
creatinine levels increase.

The collection method of urine for urine sIL-
2R measurement in other studies was by
taking weekly 24-hour samples, 36 instead of
daily 20 ml urine samples as in this study. The
estimated sIL-2R level increase was within 5
to 6-day period [7,34], and mine was within 3-

day period. Elevation in the mean or median
level of a marker within a short time frame is
more significant than its increase over a larger
time range.

Further, there were no comparisons with
transplant recipients who had infection.
Variations in the levels of a single marker may
lead to increased misdiagnosis than using a
panel of markers [45,46]. Even though
statistically not significant, the increase of
cystatin C levels in the GN group reflect
reduced glomerular filtration rate (GFR) [19].
A reduced GFR may contribute to increased
S/sIL-2R in renal disease [13]. On the basis of
CRP, patients with UTI could be
differentiated from the other two disease
control groups and healthy subjects. High
CRP levels in the UTI disease control group
probably reflect an inflammatory response.
Parametric analysis indicates that S/sIL-2R,
CRP, and cystatin C levels could be used to
differentiate renal disease controls from
healthy subjects as well as differentiating the
three disease control groups. Statistical
analyses also indicate, at least for U/sIL-2R
and UCRE, that serum markers are more
significant in differentiating between healthy
subjects and disease control groups than
urine markers.

It should be noted that all parameters were
not creatinine corrected. Many laboratories
use this on kidney disease or transplant
patients without taking into consideration
that some of their study cohorts are on
dialysis. Placing patients on hemodialysis
remove creatinine but not sIL-2R or cystatin
C. Thus, the usability of creatinine correction
in renal impairment is debatable. This study
also shows variability and overlaps in UCRE
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levels in renal control groups and transplant
groups that rarely reach statistical
significance.

The rejection group could be differentiated
from the other two groups by higher levels of
five protein markers levels other than CRP.
Rejection led to reduced GFR, which leads to
the increased markers levels in the rejection
group. Increased CRP level could be used to
differentiate the infection group from
rejection and normal transplant groups. This
study strongly points to 4 highly significant
markers (S/sIL-2R, U/sIL-2R, CRP, and
cystatin C), and to a lesser extent serum
creatinine that should be used in
differentiating the three transplant recipient
groups. Even though serum creatinine is a
good marker on daily basis, its level could not
be used as a marker of differentiation as it
fluctuates with dialysis. UCRE level
measurement was not useful. Stratification
according to treatment of rejection or
infection day can predict rejection, and can
differentiate rejection from infection and
normal transplant [34]. By stratifying from
the day of treatment, and by comparing
rejection and infection results with normal
transplant ranges, U/sIL-2R and S/sIL-2R
show higher levels in the rejection group. CRP
levels, on the other hand, were higher in the
infection group than in the rejection group.
Further, CRP levels increase o-2 days before
treatment of infection. U/sIL-2R and S/sIL-2R
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levels increase as early as 3-5 days prior to
rejection treatment. Others showed that an
increase in U/sIL-2R and S/sIL-2R levels was
found to occur the week prior clinical
diagnosis of acute rejection [47]. Cystatin C
and serum creatinine levels were much higher
in the rejection group when compared to the
infection group.

Conclusion

This study has shown that S/sIL-2R, CRP, and
cystatin C levels could be used to differentiate
renal disease controls from healthy subjects.
Further, the levels of U/sIL-2R, S/sIL-2R, CRP,
and cystatin C differentiated rejection from
infection and from normal transplant groups.
Finally, the prognostic and predictive values
of using these markers in stratified periods
post-transplant shows that U/sIL-2R, S/sIL-
2R, and cystatin C levels increase 3-5 days
prior to rejection treatment, and CRP levels
increase o-2 days prior to infection treatment.
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