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Abstract

Identification of renal graft candidates at high risk of impending acute rejection (AR) and graft loss may be helpful for patient-tailored
immunosuppressive regimens and renal graft survival. To investigate the feasibility with soluble CD30 (sCD30) as predictor of AR, sCD30 levels
of 70 patients were detected on day 0 pre-transplant and day 1, 3, 5, 7, 10, 14, 21, and 30 post-transplant. AR episodes in 6 months were recorded
and then patients were divided into Group AR (n=11) and Group UC (n=59). Results showed that the patients had higher pre-transplant sCD30
levels than healthy people. A significant decrease of sCD30 was observed on the first day post-transplant and continued until day 14 post-
transplant. Soluble CD30 presented a stable level from day 14 to 30 post-transplant. Pre-transplant sCD30 levels of Group AR were much higher
than those of Group UC (P<0.001). Patients of Group AR also had higher sCD30 levels than those of Group UC on day 1, 3, 5, 7, 10 and 14
(P<0.001). The sCD30 level presented a significantly delayed decrease in the patients of Group AR. Statistical results showed that the highest
value of area under ROC curve (0.95) was obtained on day 5 post-transplant, suggesting that sCD30 levels on day 5 are of high predictive value.
Therefore, sCD30 level may be a good marker of increased alloreactivity and of significant predictive value. It's necessary to monitor the variation
of sCD30 in the early period post-transplant.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Identification of renal graft candidates at high risk of graft
loss is one important part of pre-transplant evaluation.
Irreversible damage caused by rejections may be relieved and
even avoided by recognizing impending rejections as early as
possible. At present, panel reactive antibodies (PRA) are
generally accepted as the indicators of immunological status
of renal graft candidates and the predictors of renal graft
outcome [1]. Some new monitoring tools, such as Immuknow
and FoxP3, have been used in clinical practice [2,3]. However,
it is urgent to establish more sensitive and specific tools for
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post-transplant monitoring of immunological status of renal
graft recipients.

CD30 is a 120 KDa transmembrane glycoprotein and a
member of the tumor necrosis factor receptor superfamilies [4].
In addition to its well-documented association with several
lymphoid malignancies, CD30 can also be expressed on normal,
healthy cells, which include T and B cells, natural killer cells,
and some non-lymphoid cells [5]. Meanwhile, CD30 molecule
is activation-dependent. A soluble form of CD30 (sCD30) is
cleaved from the surface of activated CD30+ cells via the action
of the cell surface metalloproteinase TNF-α-converting enzyme
(TACE). Soluble CD30 can be detected in the serum of most
normal individuals, however, elevated serum sCD30 levels have
been detected in patients with CD30+ haematopoietic malig-
nancies, certain viral infections, and several autoimmune
disorders [6]. Recent studies have shown that renal graft
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Table 1
Demographic characteristic, pre-transplant status and maintenance immuno-
suppressive regimens of patients

AR UC P value

Number of patients 11 59 –
Gender distribution (M: F) 8:3 41:18 NS
Recipient age (X±S.D.) 39±9 36±10 NS
Donor age 32±6 34±7 NS
Cold ischemia time (h) 9.1±2.6 8.4±2.2 NS
Waiting time (m) 9.2±7.0 8.8±8.7 NS
HLA mismatches 2.4±0.9 2.5±0.8 NS
Immunosuppressive regimen
CsA+MMF+MP 4 31 NS
FK+MMF+MP 4 28
Conversion (CsA to FK506) 3 0 –

CMV serostatus
D− /R− 1 7
D+/R− 2 6 NS
D+/R+ 6 36
D− /R+ 2 10
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candidates also have higher pre-transplant serum sCD30 levels
than healthy people, which are predictive of early renal graft
loss, and that post-transplant sCD30 level has also been
evaluated as an early predictor of impending graft rejection
[7,8]. Similar results have been found in our previous study [9].
However, there is still no detailed research of variation of
sCD30 levels in the first month post-transplant.

In the present study, we monitored the variation of sCD30 in
the first month post-transplant, analyzed the characteristics of
variation of sCD30, and investigated the feasibility with sCD30
as predictor of acute rejection in 6 months post-transplant.

2. Methods

2.1. Patient demographics

Seventy patients were enrolled into this retrospective cohort study, who
received their deceased donor renal allografts at Organ Transplant Institute of
Fuzhou General Hospital in 2005. Informed consent was obtained from each
patient. Exclusion criteria were PRA scores >10%, previous allograft, delayed
graft function (DGF), and infection episodes in the first month post-transplant.
Patients who needed dialysis during the first week without evidence of acute
rejection were diagnosed as DGF. Patients enrolled were followed up for
6 months and were divided into two groups according to their clinical course.
Eleven patients who experienced at least one episode of acute rejection (AR)
were categorized as group AR. The other patients (n=59) who had primary graft
function and an uncomplicated course (UC) without acute rejection were
categorized as group UC. Donor–recipient blood group matching was identical
in all patients. HLA crossmatch of patients was negative, which was determined
by microdroplet assay of complement–dependent lymphocytotoxicity (CDC).
PRA was tested using ELISA technology (LAT-M, One Lambda Inc., CA,
USA). Both assays have limited sensitivity compared to other available tools
[10]. Some of the patients may have had donor reactive antibodies by other
methodologies. Pre-transplant CMV serostatus was determined by assessment
of CMV-IgG antibodies in the donor (D) and recipient (R), respectively (CMV-
IgG ELISA kit, Jingmei Biotech, Shanghai, China). The detailed data of
patients' demographic characteristics and pre-transplant status are shown in
Table 1, which were comparable in two groups.

2.2. Immunosuppressive regimens

All the renal graft recipients did not receive the induction therapy of biologic
agents. They received 500 mg of intravenous methylprednisolone (MP) prior to
revascularization of the graft during the operation and a 3-day bolus of
intravenous MP therapy (8 mg/kg/day) post-transplant. Oral prednisone was
prescribed on the fourth day at a daily dose of 20 mg and was tapered to a daily
dose of 15 mg at the sixth month post-transplant. The patients all received
standard triple therapy as maintenance immunosuppressive regimens, which
consisted of calcineurin inhibitorin (CsA microemulsion or Tacrolimus), MMF
and prednisone. MMF was administered immediately after operation and
calcineurin inhibitorin was administered on the third day post-transplant. Three
patients of group AR were converted from CsA to Tacrolimus because of
rejection episodes (Table 1).

2.3. Measurement of serum sCD30

Blood samples of patients were obtained on day 0 before transplantation and
on day 1, 3, 5, 7, 10, 14, 21, and 30 after transplantation. Then blood samples
were centrifuged within 2 h and plasma was separated from cells, collected and
stored at −70 °C until being tested. Human sCD30 instant ELISA kits were
obtained from Bender MedSystems (Vienna, Austria). Serum levels of sCD30
were measured in a duplicate manner using ELISA kit according to
manufacturers' instructions. Our previous study of healthy individuals was
referred as normal control [9]. Compared with the patients enrolled into this
study, they were sex and age matched.
2.4. Diagnosis of AR

Percutaneous kidney biopsy was carried out in cases of graft function
deterioration, and kidney pathology was classified using the definitions given by
the Banff 97 [11]. A rabbit polyclonal antibody (Biomedica, Vienna, Austria)
was used to assess C4d status on frozen sections according to manufacturers'
instructions.

2.5. Statistical analysis

EXCEL2003 and SPSS 13.0 were used for statistical analysis. The methods
used in our study included chi-squared, Fisher's exact test, repeated measures
ANOVA and receiver operating characteristic (ROC) curves. P values <0.05
were considered significant.

3. Results

3.1. Main outcome

Six-month follow-up data showed 100% patients and 98.6% renal
grafts survival. There was one graft loss following irreversible biopsy-
proven acute vascular rejection (AVR). Within the 6 months post-
transplant, 11 out of 70 patients (15.7%) experienced biopsy-proven
AR episodes. Mean time of AR diagnosis was 25±30 days post-
transplant (5–102 days; median time: 12 days). Pathological results
showed that 11 AR episodes included 9 tubulointerstitial rejections
(TIR) and 2 vascular rejections (VR). Two patients were positive for
C4d staining (VR and TIR each one). Nine TIR episodes were all
reversed by the treatment of 3-day bolus of MP (8 mg/kg/d). The two
patients with AVR were treated with ATG (Fresenius, 2 mg/kg/
d×10 d). The C4d− AVR was reversed by the treatment of ATG, and
the patient with C4d+ AVR was not sensitive to the treatment of ATG
and suffered graft loss.

3.2. Characteristics of soluble CD30

Compared with healthy control [9], the patients had much higher
serum sCD30 levels before transplantation (147±77 U/ml vs. 41±
13 U/ml, P<0.001). Although compared with pre-transplant levels,
slightly elevated sCD30 levels (no more than 12 U/ml) were detected in
four patients, the sCD30 levels of most patients presented a significant
decrease on the first day post-transplant (P<0.001). As shown in
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Fig. 1. Variation of average sCD30 levels of Group AR, Group UC and the total
patients.

Fig. 2. Respective variation of sCD30 levels of 11 patients with AR.
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Fig. 1, the sCD30 levels also recorded a series of significant decrease in
the following days (P<0.001). ANOVA results showed that the
difference of sCD30 levels between different time points reached
statistical significance except for that between day 10 and 14 post-
transplant (P<0.001), suggesting that the sCD30 shows a significant
decrease in the 10 days post-transplant and then presents a stable level
after day 10 post-transplant. Detailed data was shown in Table 2.

As shown in Table 2, patients of Group AR had higher sCD30
levels than those of Group UC before and after transplantation. Results
of repeated measures ANOVA showed that the difference of sCD30
levels between Group AR and UC reached a statistical significance
(P<0.001). When the sCD30 levels of two groups at the same time
point were compared independently, results showed that patients with
AR had much higher sCD30 levels than those without AR before
transplantation and on day 1, 3, 5, 7,10 and 14 post-transplant (Table
2). This is to say, the sCD30 levels of patients with AR presented a
delayed decrease within the first two weeks post-transplant. This
phenomenon was also shown in Fig. 1. When the patients with AR
were investigated respectively on the variation of sCD30 level, marked
rebound of sCD30 level occurred in 7 patients with AR on day 3 or 5
post-transplant compared with that of the first or third day (Fig. 2). As
shown in Fig. 2, the patients with AR were numbered from 1 to11
Table 2
sCD30 plasma levels (U/ml) of patients of two groups at different time

Time Group AR Group UC Total

Pre-transplant 200±108a 137±66a 147±77
Day 1 post-transplant 127±95b 71±37b 80±54
Day 3 post-transplant 101±83c 43±32c 52±48
Day 5 post-transplant 95±43d 25±20d 36±36
Day 7 post-transplant 55±29e 16±14e 22±22
Day 10 post-transplant 20±10f 11±10f 13±11
Day 14 post-transplant 18±10g 8±10g 10±10
Day 21 post-transplant 9±7 6±1 7±3
Day 30 post-transplant 8±3 6±1 7±1

P values for pairwise comparisons: a, b, c, d, e, f, g P<0.001. All other pairwise
comparisons: P=NS.
according to their pre-transplant sCD30 levels. The AR time of the
patients from No.1 to 11 was day 10, 9, 13, 102, 23, 54, 36, 12, 8, 5,
and 6 post-transplant respectively.

Receiver operating characteristic (ROC) curve was used to
determine the feasibility of sCD30 levels at different time points as
predictors of AR. Results showed that area under ROC curve were
0.63, 0.65, 0.82, 0.95, 0.89, 0.87, and 0.78 before transplantation and
on day 1, 3, 5, 7, 10, and 14 post-transplant respectively, suggesting
that the fifth day is the most suitable time to use sCD30 level to predict
AR episodes with the 6 months post-transplant.

3.3. Effects of immunosuppressive regimens on post-transplant sCD30
levels

Immunosuppressive regimens of three patients were converted from
CsA to FK-506 due to AR episodes on day 6, 8 and 54 post-transplant
respectively. Therefore, sCD30 data of two patients with conversion in
the first month was excluded for the evaluation of the effects of
immunosuppressive regimens on post-transplant sCD30 levels. The
rest patients were divided into Group CsA and Group FK according to
their initial immunosuppressive regimens. Statistical results showed
that there was no significant difference of sCD30 levels between two
groups before the administration of CsA or FK-506 (day 3 post-
transplant), and difference of sCD30 levels between two groups after
day 3 post-transplant did not reach a statistical significance, too
(P=NS).

4. Discussion

After Susal et al first documented that increased sCD30
levels occur in renal graft candidates and are detrimental for
renal graft survival in his studies in 2002 [7,12], some other
researchers also investigated the feasibility of serum sCD30
levels as predictor of impending acute rejection and graft
outcome [9,10,13–18]. Although different pre-transplant aver-
age levels of sCD30 have been reported, previous studies have
shown that renal graft recipients have significantly higher serum
sCD30 levels before transplantation than adult healthy persons,
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and serum sCD30 levels may be a good predictor of impending
acute rejection and graft outcome. Some of them also detected
post-transplant sCD30 levels of patients. They documented that
higher post-transplant sCD30 levels may be predictive of
impending acute allograft rejection post-transplant. However,
there was no identical post-transplant sampling time in their
studies. Pelzl et al found that sCD30 measured on post-
transplantation days 3 to 5 can offer a noninvasive means for
recognizing patients with impending acute allograft rejection
[8]. Slavcev et al [10] and Sengul et al [16] detected sCD30
levels of patients 2 weeks and 15 days after transplantation
respectively and found that sCD30 was significantly elevated in
patients suffering AR compared with those without AR. The
similar results as Pelzl's were observed in our previous study
[9].

Therefore, to investigate the characteristics of variation of
sCD30 and determine the best monitoring time post-transplant,
sCD30 levels were detected before transplantation and on day
1, 3, 5, 7, 10, 14, 21 and 30 post-transplant in our study. This is
the first study of variation of sCD30 levels in the first month
after transplantation. As shown in previous studies, our study
also documented that renal graft recipients have significantly
higher serum sCD30 levels before transplantation than adult
healthy persons. Results also showed that patients with AR had
a higher pre-transplant sCD30 levels than those without AR in
6 months post-transplant, which is in agreement with the results
of others [7], but contrary to our previous study [9]. An
explanation to this discrepancy might be that some patients with
positive PRA or previous renal graft were enrolled into our
previous study, and that the follow-up time was 6 months and
27.3% (3/11) AR episodes occurred beyond the first month
post-transplant in the present study. Additionally, our results
showed that sCD30 levels of most patients recorded a
significant decrease on the first day post-transplant. It is not
clear why sCD30 levels changed so greatly within short time.
An inverse correlation has been reported previously between
sCD30 and GFR in children with chronic renal failure [19].
Therefore, marked reduction of sCD30 levels may be caused by
increased renal excretion of sCD30 though functioning graft.
Although precise mechanism needs further investigation, the
changing of sCD30 level may partially reflects the change of
patients' immune status because CD30 molecule is an
important costimulator molecule in the regulation of the
balance between TH1/TH2 responses [20]. More importantly,
the changing went on in the following days and significant
difference of the changing was observed between patients with
AR and those without AR on day 1, 3, 5, 7, 10, and 14 post-
transplant. The patients with AR experienced a significantly
delayed decrease of sCD30 levels within first two weeks after
transplantation. Furthermore, marked rebound of sCD30 level
occurred in some patients with AR on day 3 or 5 post-transplant
compared with that of the first or third day. On in vitro activated
human and mouse T and B cells, CD30 is a relatively late
activation-induced antigen, with maximal expression observed
4–5 day poststimulation [21,22]. These results may partially
explain the phenomenon of delayed decrease of sCD30 levels in
our study. We presume that allogeneic immune response
occurred at the time of grafting and CD30 expression induced
by foreign antigen reached the peak on 3–5 days post-
transplant. Correlation of AR episode and high sCD30 levels
post-transplant has been documented in our and others' studies
[8–10,16], however, high expression of CD30 on 3–5 days
post-transplant was not accompanied by AR episode. Accord-
ing to our results, we think that high expression of CD30
probably reflects increased alloreactivity of the immune system,
and patients with increased alloreactivity are at high risk of
early (within 6 months) AR episodes.

Although significant difference of sCD30 levels was
recorded between patients with AR and those without AR
before transplantation and on day 1, 3, 5, 7, 10, and 14 post-
transplant, results of ROC curves showed that the highest area
under the ROC curve was obtained on day 5 post-transplant,
suggesting that measurement of sCD30 levels on day 5 post-
transplant may be a promising method to predict acute graft
rejection and may identify the patients at the risk of impending
AR episode within 6 months post-transplant as early as
possible. This result is identical with that of our previous
study [9].

Factors influencing sCD30 levels have been investigated in
detail recently [23]. There were only CMV diseases and
immunosuppressive regimens to be able to influence sCD30
levels among many factors mentioned by authors. However, our
results showed that there was no significant difference between
patients receiving different immunosuppressive regimens. An
explanation to this discrepancy might be that our monitoring
time of sCD30 was too short.

Our results referred to a limited number of patients, and
whether CD30 molecule is involved in acute allograft rejection
and its role in allogeneic immune response need further
investigation. However, our present results showed that renal
graft recipients with AR have a higher pre-transplant sCD30
levels and a delayed decrease of post-transplant sCD30 levels
compared with those without AR in 6 months after transplanta-
tion. Soluble CD30 is a good marker of increased alloreactivity
and of significant predictive value. Sequentially monitoring of
post-transplant sCD30 level may identify the patients at the risk
of impending AR episodes within 6 months after transplanta-
tion. Soluble CD30 level on day 5 post-transplant may be of the
highest predictive value.
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