
Summary. The CD30 molecule, a 120 kDa cell surface
glycoprotein, is a member of the tumor necrosis factor
receptor (TNF-R) superfamily and was originally
identified on the surface of Reed-Sternberg cells and
anaplastic large cell lymphomas in Hodgkin’s disease
patients. In addition to lymphoproliferative disorders the
expression of CD30 was found in both activated CD8+
and CD4+ Th2 cells which lead to the activation of B-
cells and consequently to the inhibition of the Th1-type
cellular immunity. The membrane-bound CD30
molecule can be proteolytically cleaved, thereby
generating a soluble form (sCD30) of about 85 kDa.
Low serum levels of soluble CD30 were found in
healthy humans, whereas increased sCD30 serum
concentrations were detected under pathophysiological
situations such as systemic lupus erythematosus,
rheumatoid arthritis, certain viral infections and adult T
cell leukaemia/lymphoma. In addition, it has recently
been suggested that pre- or post-transplant levels of
sCD30 represent a biomarker for graft rejection
associated with an impaired outcome for transplanted
patients. We here review (i) the current knowledge of the
clinical significance of sCD30 serum levels for solid
organ transplantations and (ii) our own novel data
regarding inter- and intra-individual variations as well as
time-dependent alterations of sCD30 levels in patients.
(iii) Based on this information the implementation of
sCD30 as predictive pre-transplant or post-transplant
parameter for solid organ transplantation is critically
discussed.
Key words: Allograft transplantation, Enzyme-linked
immunosorbent assay (ELISA), Graft rejection, Human
leukocyte antigen (HLA), Soluble CD30 (sCD30) 

Introduction

The CD30 molecule which was first described in
1982 as the antigen of the monoclonal antibody Ki-1
(Schwab et al., 1982; Stein et al., 1982) represents a 120
kDa transmembrane glycoprotein belonging to the tumor
necrosis factor receptor (TNF-R) superfamily (Froese et
al., 1987; Nawrocki et al., 1988; Smith et al., 1993,
1994). The soluble form (sCD30) is produced by
metalloprotease cleavage of the extracellular domain,
thereby releasing an approximately 85 kDa protein
(Josimov-Alasevic et al., 1989). Membrane-bound CD30
expression was primarily discovered on Reed-Sternberg
cells of Hodgkin lymphomas (Schwab et al., 1982), but
later also on other malignant and normal cells (Stein et
al., 1985). Furthermore, sCD30 only detectable at low
levels in most normal individuals was elevated in
pathophysiological conditions, such as CD30+
hematopoietic malignancies, certain viral infections and
inflammation processes. Recently, sCD30 serum levels
were also determined prior or post solid organ
transplantations in order to define their clinical relevance
as a predictive marker for the allograft rejection of solid
organs.
Physiological expression and function of CD30,
sCD30 and CD30-ligand

The expression of CD30-ligand (CD30L) and CD30
is restricted to cells of the immune system and strictly
regulated under physiological conditions. CD30 is not
expressed in resting, but in diverse activated immune
cells including CD4+ and CD8+ T lymphocytes (Ellis et
al., 1993; Bengtsson et al., 1995; Agrawal et al., 1996;
Sun et al., 2001; Stanciu et al., 2001), in particular on
activated CD45RO Th2 cells, B cells (Shanebeck et al.,
1995), natural killer (NK) cells (Cambiaggi et al., 1993),
dendritic cells (DC) (Pellegrini et al., 2005), as well as
some cells of non-lymphoid origin (Duerkop et al.,
2000). Only <2% of human peripheral blood
mononuclear cells (PBMNC) from healthy individuals
bear the CD30 receptor (Del Prete et al., 1995).
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Regarding its activity, CD30 regulates cell proliferation,
differentiation and apoptosis, but its biological activity is
dependent on the type and developmental stage of cells.
Its function in mature PBMNC is not well understood,
but there exists some evidence that CD30 can act as a
signal transduction molecule (Muta et al., 2000). 

Soluble CD30 is cleaved from the surface of CD30+
cells by the cell surface metalloproteinase TNF-α
converting enzyme (TACE) (Hansen et al., 2000).
CD30+ cells release sCD30 in vitro and in vivo resulting
in low sCD30 levels in the sera of most healthy
individuals. Although the mechanisms leading to the
release of sCD30 have not been studied in detail it might
be a consequence of appropriate activation signals in
response to interaction with CD30L+ cells. The CD30
ligand (CD30L) is a transmembrane protein and member
of the TNF ligand superfamily. Regarding its surface
expression there exist conflicting results. Early studies
demonstrated CD30L expression on subsets of resting
and activated B and T cells as well as on mast cells, NK
cells, eosinophils and neutrophils. These appeared at
least partially not well controlled as the unspecific
binding of antibodies was not prevented by
antibody/CD30L competition experiments. More recent
studies could not reproduce a surface expression of
CD30L on isolated B cells, neutrophils, eosinophils or
on primary mast cells (Kennedy et al., 2006). Apart from
this discrepancy CD30L exerts pleiotropic activities and
is particularly involved in cell proliferation and cell
death (Cerutti et al., 2000; Rossi et al., 2001, 2002;
Nishimura et al., 2005).
CD30 involvement in the physiological balance of
Th1/Th2 response and tolerance induction

It is generally accepted (i) that signalling via CD30
promotes the development of Th2 cells and (ii) that
CD30 represents a marker for Th2 cell populations. The
expression of CD30 influences CD4+ T cells to increase
their production of Th2 cytokines (Rossi et al., 2001;
Stanciu et al., 2001). Additionally, a CD30-mediated
production of IL-13 independent of the T cell receptor
(TCR) involvement was found in CD4+ T cells (Harlin et
al., 2002). Recently, CD30 has been demonstrated to be
a marker of an immunomodulatory subpopulation of T
cells, which regulates the balance between Th1 and Th2
type immune response (Pellegrini et al., 2003). Thus,
CD30 plays an important role for the physiological
balance between Th1/Th2 immune response. This
hypothesis was further strengthened by the fact that
CD30 was detected on a subpopulation of dendritic cells
(DCs) known to modulate immune responses and
tolerance (Pellegrini et al., 2005). 
Determination of CD30/sCD30 in patients’ samples

A prerequisite for the determination of CD30/sCD30
levels was the availability of CD30-specific monoclonal
antibodies (mAb) which are reactive in Western blot,

flow cytometry as well as in immunohistochemistry
(IHC) on fresh frozen and paraffin-embedded tissue
samples and/or peripheral blood mononuclear cells
(PBMNCs). Indeed, there exists a number of CD30-
specific mAbs, which have been successfully employed
in different applications. In parallel to the monitoring of
surface-bound CD30, several enzyme-linked
immunosorbent assays (ELISA) have been developed for
the detection of sCD30 (Josimov-Alasevic et al., 1989).
The current sandwich-ELISA used by most researchers
and commercially available (Bender MedSystems,
Vienna, Austria or Biotest AG, Dreieich, Germany) is
composed of two anti-sCD30 mAb for capturing and
detecting the antigen. The detection antibody is used as a
peroxidase conjugate. 
Soluble CD30 as prognostic markers for
lymphoma/leukaemia

CD30 is expressed on Hodgkin-Reed-Sternberg (H-
RS) cells, anaplastic large cell lymphoma (ALCL) and
adult T cell leukaemia/lymphoma (ATL) and represents a
diagnostic marker of these malignancies (Nishioka et al.,
2005). Since sCD30 is proteolytically cleaved from the
surface of CD30+ lymphoma cells, increased sCD30
serum levels have been established as a prognostic tool
for the outcome of Hodgkin disease (Pizzolo et al., 1990;
Gause et al., 1991; Nadali et al., 1994). Elevated serum
levels of sCD30 (>100 U/ml) in the majority of Hodgkin
disease patients were associated with a poor clinical
outcome (Nadali et al., 1994). It is speculated that high
sCD30 serum concentrations in patients reflect the
tumour burden and block the biological effects of
CD30L. In addition, the high frequency of EBV
infection in Hodgkin disease and the fact that there
exists an integration site of this virus close to the human
CD30 locus also support the hypothesis that EBV
infection might be responsible for the activated stage and
the expression of CD30 in Hodgkin’s cells (Hummel et
al., 1992; Herbst et al., 1993).
CD30/sCD30 and other diseases

For several human autoimmune diseases such as
rheumatoid arthritis Th2 cells are the main immune
effector cells. In rheumatoid arthritis the CD30+ T cells
support the suppression of Th1 cells by a so far unknown
mechanism thereby leading to declined numbers of Th1
cells (Gerli et al., 2000, 2001). In addition, increased
sCD30 levels were found in synovial fluid (Gerli et al.,
1995). Apart from rheumatoid arthritis an involvement
of CD30+ T cells has also been reported for systemic
sclerosis (Mavalia et al., 1997) and atopic allergy
(Bengtsson, 2001). In atopic dermatitis a correlation
between the number of CD30+ T cells and the levels of
sCD30 was described (Folster-Holst et al., 2002).
Elevated sCD30 serum concentrations have been
correlated with disease activity/severity in patients with
systemic lupus erythematosus (Caligaris-Cappio et al.,
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1995), Wegner’s granulomatosis (Wang et al., 1997) and
HIV (Pizzolo et al., 1994, 1997). Increased
concentrations of circulating sCD30 were also observed
in patients with adult and juvenile atopic dermatitis
(Yamamoto et al., 2000; Bengtsson, 2001), atopic
asthma (Leonard et al., 1997a,b) and ulcerative colitis
(Giacomelli et al., 1998), but there exist controversial
results regarding an association with the disease
progression in these settings.
Highly elevated sCD30 concentrations in
hemodialysis patients

Elevated levels of sCD30 in the sera of patients on
hemodialysis (HD) were found in several studies,
suggesting that the increased sCD30 levels reflect the
activation of Th2 lymphocytes and the consecutive
induction of a Th2 response in the pathogenesis of
patients undergoing HD. During the early phase of
hemodialysis (first year) the CD30 serum concentrations
increased to an average of about 130 U/ml and the Th1-
specific immunity in comparison to the Th2 immunity
was relatively depressed (Nakao et al., 2002). In the
middle-term HD patients (1-10 years) the concentration
of sCD30 decreased to values of about 95 U/ml, and
again elevated in long-term patients (>10 years) to an
average of 140 U/ml. These investigations point to
significant time-dependent variations in the sCD30
concentrations during the disease course which most
probably depend on the duration of the treatment.
Hemodialysis generally may lead to a Th2 dominance,
which might contribute to the well-known abnormalities
in the immune system of these patients (Descamps-
Latscha and Herbelin, 1993; Descamps-Latscha and
Chatenoud, 1996). In the study of Nakao et al. (2002)
the approximately three-fold increase in sCD30 found in
hemodialysis patients (126±49 U/ml) was also found in
patients suffering from chronic renal failure (CRF)
(116±46 U/ml) in comparison to individuals of the
healthy control group (49±18 U/ml). These data are in
accordance with the results of Sengul et al. (2006) and
our own data (Altermann et al., submitted)
demonstrating that most of the potential renal graft
recipients (about 90%) exhibit higher sCD30 serum
levels (30-90 U/ml) than the healthy blood donors (0-30
U/ml). The elevated sCD30 levels are accompanied by
an increased incidence of infection (Taskapan et al.,
2000) and of different malignancies (Maisonneuve et al.,
1999) in HD patients, suggesting that the increased
sCD30 serum levels are involved in the impaired
immunity of patients suffering from end-stage renal
disease. 
Hormone dependence of sCD30 levels

It has recently been suggested that hormones at least
partially control the concentration of sCD30 (Barbano et
al., 2001). In a comparative study sCD30 levels were
significantly elevated both in children with CRF (~180

U/ml) and with primary deficiency of growth
hormone/somatotrophin (GH) (~147 U/ml) when
compared to a control group of healthy children (~10
U/ml). After treatment with recombinant GH an
approximately 25% decrease of sCD30 plasma levels to
134 U/ml in patients with CRF or 35% decrease to 95
U/ml in patients with GH-deficiency, respectively, was
observed. Based on these data it was concluded that
there might exist an influence of GH on the sCD30
plasma level since patients’ treatment with the
recombinant hormone resulted in a down-regulation of
sCD30. Thus, a direct influence of GH, which in
uraemia is found at a reduced level on the T cell
activation process, was proposed.
Increased sCD30 levels and kidney transplantation

In addition to diseases with dominating Th2 type
immune responses in which elevated sCD30 serum
levels are associated with an impaired course of disease
(Caligaris-Cappio et al., 1995; Gerli et al., 1995; Wang
et al., 1997; Bengtsson, 2001; Folster-Holst et al., 2002),
the relevance of sCD30 in the context of allograft
transplantation has been investigated and discussed.
High pre-transplant serum levels of sCD30 appeared to
be predictive for an increased risk of allograft rejection
(Pelzl et al., 2002; Suesal et al., 2002). High post-
transplant levels have been reported to be indicative for
an ongoing acute kidney graft rejection (Roy et al.,
2002; Slavcev et al., 2005; Dong et al., 2006). However,
contradicting results concerning the clinical relevance of
sCD30 as a pre-transplant parameter have been
published, which will be extensively reviewed in this
chapter. In addition, the high inter- and intra-individual
variations of sCD30 levels in pre-transplantation sera
demonstrated by our group (Altermann et al., submitted)
challenge the feasibility of sCD30 as a predictor of
allograft outcome.
Soluble CD30 - a predictive pre-transplant serum-
derived marker for kidney graft survival/rejection?

The feasibility of sCD30 as a predictor of kidney
graft outcome was first published by Pelzl and co-
workers (2002) performing a retrospective study which
comprised the pre-transplantation sera of 844 cadaver
kidney recipients from three German transplant centres.
Multiple factors, such as current panel reactive
antibodies (PRA) demonstrating the degree of
presensitisation, HLA-mismatches, immunosuppressive
treatment and previous blood transfusions were
considered in the multivariate analysis as co-variables.
The two-year kidney graft survival of 68±6% was the
lowest in recipients with a high sCD30 serum content
(>800 U/ml) followed by recipients with an intermediate
2 year graft survival of 77±3% (400-800 U/ml). The
highest survival rate of 86±1% was observed in
recipients exhibiting sCD30 serum levels <400 U/ml.
Increased risk ratios of 1.95 and 3.5 were shown for
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patients with intermediate or high sCD30 levels,
respectively. Even in selected, non-sensitised patients
(PRA ≤ 5%) similar survival rates were obtained for the
three groups. Based on this study, the determination of
sCD30 levels in serum as a parameter to identify patients
without evidence of PRA as patients of an increased or
low rejection risk represented a suitable monitoring tool
and thus appeared to be of clinical relevance.
Prophylactic treatment with anti-lymphocyte antibodies
as an induction therapy significantly increased the graft
survival in “high CD30” patients from 58±10% to
74±7% suggesting that patients with high sCD30 serum
levels should generally obtain prophylactic treatment
with anti-T cell antibodies. In addition, CD30+ T cells
were demonstrated to produce high amounts of the Th2
cytokine IL-10, thereby suppressing the Th1-type
immune responses (Gerli et al., 2000, 2001). In this
context patients with high IL-10 levels had been shown
to exhibit an impaired kidney graft outcome and
increased levels of sCD30 had been accompanied by
high IL-10 levels (Weimer et al., 1996). 

However, there exists a significant discrepancy in
the quantity of pre-transplantation sCD30 levels in renal
graft patients. Pelzl and co-workers (2002) defined the
(i) “low risk group” with sCD30 levels <400 U/ml (599
recipients), (ii) the “intermediate group” with sCD30
levels of 400-800 U/ml (172 recipients) and (iii) “high
risk group” with > 800 U/ml sCD30 (73 recipients). The
latter contained 25 patients with sCD30 concentrations
>1200 U/ml. So far, the reasons for these extremely high
sCD30 values cannot be explained and have never been
confirmed by subsequent investigations.

In a consecutive study of the same group (Suesal et
al., 2002) pre-transplant sera of 3,899 cadaver kidney
recipients provided by 29 transplantation centres from
15 countries were investigated for their sCD30 content.
In this study the five-year graft survival rate of 901
recipients with high pre-transplant sCD30 levels (> 100
U/ml) was 64±2% and, thus, significantly lower when
compared to 75±1% survival obtained from 2,998
recipients with a low sCD30 level (≤ 100 U/ml). The
cut-off level between high and low serum levels was set
at 100 U/ml based on multivariate Cox regression
analysis and a serum content of >190 U/ml was regarded
as exceptionally high. Furthermore, Suesal and co-
workers (2002) provided evidence that the parameter
low versus high sCD30 was detectable in first and
regraft recipients, in presensitised and non-sensitised
patients as well as in patients who received a highly
matched kidney [0-1 HLA-mismatches (MM)] and a
poorly matched kidney [4-6 MM]. The differences in the
5-year graft survival rates in all groups analysed were
about 12-17%. An association between sCD30 serum
levels and PRA was marginal, whereas the effects of
both independent parameters on graft outcome were
additive, resulting in a highly impaired outcome with a
5-year survival of only 55%. In contrast to the former
study (Pelzl et al., 2002), no improved graft outcome in
patients with high pre-transplant sCD30 levels after their

prophylactic treatment with anti-lymphocyte antibodies
was indicated. The third study employing pre-transplant
sera of 3,980 non-sensitised first cadaver kidney
recipients provided by 33 transplantation centres from
17 countries demonstrated that in patients with low
sCD30 serum concentrations (≤ 100 U/ml) the influence
of HLA compatibility on the graft outcome was
marginal, whereas it exhibited a significant effect in non-
sensitised patients with high pre-transplant sCD30 levels
> 100 U/ml (Suesal et al., 2003). In these recipients a
statistically significant difference in the kidney survival
rate between well (≤ 3 MM) and poorly (>3 MM)
matched grafts of about 19% (71±2% versus 52±4%,
respectively) was obtained. The data were exclusively
derived from non-sensitised patients, since clinically
relevant preformed antibodies (PRA >5% or ELISA-
reactive antibodies) against HLA class I and/or HLA
class II phenotypes were excluded. These results led to
the conclusions that (i) especially non-sensitised, PRA-
negative patients on the waiting list should be tested for
serum sCD30 to allocate only well HLA-matched
kidneys to high sCD30 patients and that (ii) sCD30 is a
suitable prognostic marker comparable to PRA-
determination (Suesal et al., 2003). The effects of the
two parameters PRA and sCD30 level were described by
the authors to be additive as shown by the graft survival
curves for (i) low sCD30 (sCD30-)/ PRA>5% (PRA+),
(ii) sCD30-/PRA<5% (PRA-), (iii) high sCD30
(sCD30+)/ PRA- and (iv) sCD30+/PRA+ whereas indeed
the combination of sCD30+/PRA+ resulted rather in a
synergistic positive graft outcome in comparison with
the single parameters. The difference in the survival rate
of well matched kidneys (MM ≤ 1) in sensitised and
non-sensitised patients between low and high sCD30
patients was about 11% (Suesal et al., 2002) and 6%
(Suesal et al., 2003), depending on the study, but the
differences increased to 17% (Suesal et al., 2002) or
20% (Suesal et al., 2003) when outcomes of poorly
matched kidneys of both studies were compared. The
unexpectedly poor outcomes of both negative
combinations sCD30+/>3MM (only 52% survival versus
calculated additive 66%) and sCD30+/PRA+ (only 56%
survival versus calculated additive 62%) in these
investigations again showed that the effects of both
combined parameters were rather synergistic than
additive.

These results were more recently supported by the
publication of Cinti et al. (2005), who attributed a higher
impact to pre-transplant serum sCD30 than to PRA in
the prediction of acute rejections within six month after
kidney transplantation. All of the rejections observed in
the study of Cinti and coworkers were objectively
confirmed by biopsy. Using histopathological analyses
of biopsies acute vascular rejections due to antibody-
mediated cytotoxic mechanisms were also associated
with higher pre-transplant sCD30 levels, whereas acute
tubulointerstitial rejections were characterized rather by
decreased levels of sCD30 which were even lower than
in the healthy control group (Rajakariar et al., 2005).
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The differences between these investigations and the
former studies of Suesal and co-workers might be due to
the coexistence of both cellular and humoral rejections
in the patients. Although the number of patients
investigated by Rajakariar and co-workers (n=67) and
their distribution (51 with tubulointerstitial and 16 with
the vascular rejection type) were not representative, their
hypothesis is strengthened by the fact that in another
study both acute cellular and humoral rejection grades
coexisted in about 50% of the patients analysed who
suffered from acute rejection (Mauiyyedi et al., 2002).
The low sCD30 levels in patients with tubulointerstitial
rejections might be due to the existence of CD8+
allospecific cytotoxic T cells which drive this type of
rejection and which down–regulate Th2 cell responses
(Chan et al., 1995). In the Th2-dominated humoral type
of vascular reactions CD4+/CD25+ regulatory T cells,
which are positive for CD30, might suppress the cell-
mediated rejection by inducing apoptosis of allospecific
CD8+ T cells (Dai et al., 2004).
Soluble CD30 - a predictive post-transplant marker
for kidney graft survival/rejection?

The use of sCD30 as a post-transplant indicator for
an acute ongoing kidney graft rejection had first been
published by Roy et al. (2002). The authors weekly
monitored sera from 10 recipients for sCD30, IL-10 and
TNF-α until two months post-transplantation. sCD30
levels were elevated after surgery until 2 weeks post-
transplantation in 3/10 patients with an acute rejection,
but not in non-rejecting patients. In addition, there was a
correlation of the sCD30 levels with TNF-α, but not
with IL-10 serum levels. Despite the low number of
patients (n=10) monitored for sCD30 in combination
with TNF-α this approach might be implemented for
diagnosis of early acute rejections without an invasive
biopsy. In addition, changes in the sCD30 levels of 65
kidney recipients without any recognizable infection 0 to
20 days post-transplantation was observed (Pelzl et al.,
2003). The sCD30 plasma levels of the patients with an
uncomplicated course (UC group, n=20) in comparison
to those of the patients with acute tubular necrosis i.e.
with a delayed start of renal function (ATN group, n=11)
or with biopsy-proven acute rejections during the first 20
days (R group, n=25) significantly differed. Only
patients of the ATN and UC groups showed a significant
decrease in sCD30 during the first five days after
transplantation. The pre-transplant sCD30 levels were
reduced by 46% (UC group) and 25% (ATN group), but
remained nearly unaltered in rejecting patients (R
group). Thus, elevated sCD30 levels during the day 3 to
5 post-transplantation may be a predictor of graft
rejection and allow the identification of rejecting
patients 5 days earlier than the conventional approaches
using biopsies. These data are in contrast to a report by
Slavcev and co-workers (2005) demonstrating no
significant pre-transplant differences in sCD30 levels
between patients (n=117) undergoing allograft rejections

and non-rejecting patients. Both patients’ groups,
however, exhibited two weeks post-transplantation a
decrease in the sCD30 concentration from an average of
104 U/ml to 31 U/ml for non-rejecting and to 63 U/ml
for rejecting patients. Thus, the post-transplant level of
sCD30 was more elevated in patients undergoing acute
rejection. As determined by multifactorial analysis,
elevated concentrations of sCD30 and anti-HLA class II
antibodies were associated with an increased risk for
acute rejection. Similar results were obtained by Dong et
al. (2006), whose correlation between acute rejection
and serum sCD30 levels after transplantation led to the
classification into three distinct patients’ groups.
Although the pre-operative sCD30 levels did not
significantly differ between the three groups (168-183
U/ml), the acute rejection (AR) group exhibited
considerably higher sCD30 values (92±27 U/ml; n=49)
on post-transplant day 5 than the uncomplicated course
(UC) group (41±20 U/ml; n=171) or the delayed graft
function (DGF) group (48±21 U/ml; n=11), respectively.
The sCD30 levels on post-transplantation day 10 were
virtually the same in all three groups. These data pointed
to a time-dependence of post-transplantation sCD30
levels thereby further suggesting the sCD30 monitoring
at day 5 post-transplantation as an adequate tool to
identify patients with an impending acute graft rejection.
In a recent study Sengul et al. (2006) confirmed the post-
transplant decrease of the patients’ sCD30 levels in
comparison to their pre-transplant levels. The biopsy-
proven rate of acute rejection was identified in 8 (AR+)
out of 34 recipients (24%) who all exhibited pre-
transplant sCD30 values >90 U/ml. 16 patients with
serum sCD30 ≤ 90 U/ml did not show any case of acute
rejection episode. However, it is noteworthy that the data
of sCD30 pre-transplant levels exhibited extremely high
standard deviations in that study [AR+ group: 195±116
U/ml (n=8) versus AR- group: 125±64 U/ml (n=42)].
Something similar holds for the sCD30 levels at post-
transplant day 15, which were 53±33 U/ml (AR+) and
36±18 U/ml (AR-), respectively. In contrast, the values
obtained at post-transplant day 30 did not exhibit
significant alterations ranging between 47±20 U/ml in
AR+ and 42±25 U/ml in AR- patients. Thus, the
measurement of pre- and post-transplant sCD30 levels at
day 15 may be an efficient method to identify kidney
recipients with an increased risk of rejection. The
application of several immunosuppressive drugs,
including induction therapy, had no additional effect on
post-transplantation sCD30 levels. 

So far, there exists only one study determining the
role of sCD30 as a predictor of a chronic renal transplant
rejection (Weimer et al., 2005, 2006). Eighty-four renal
allograft recipients (from 63 cadaver kidney donors and
21 living kidney donors) were monitored for both post-
transplantation serum sCD30 and the monocyte/
macrophage activation marker neopterin as a risk marker
for chronic allograft nephropathy. A chronic rejection
within 2 years post-transplant significantly correlated
with (i) increased sCD30 (> 60 U/ml) or (ii) neopterin
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levels (> 40 nmol/ml) in serum samples obtained after 4
months and 12 months. The two year post-
transplantation rejection rates were 40% (6/15) or 33%
(5/15), respectively. Both risk factors in combination led
to a rejection rate of 71% (5/7). However, the classical
immunological risk factors like the HLA matching
grade, the formation of PRA, pregnancies, blood
transfusions and re-transplantations had no influence
upon the sCD30 levels. In these investigations of
Weimer et al. (2005, 2006) the pre-transplant sCD30 did
not predict acute rejections (< 6 months) which is not in
accordance with many other studies. Interestingly,
cytomegalo virus (CMV) infections increased sCD30
levels within the first four post-transplantation months,
but not after 12 months. Based on these results the
influence of different immunosuppressive treatments on
sCD30 levels was determined after one year.
Tacrolimus-based immunosuppression (Azathioprine/
Tacrolimus, Mycophenolate-Mofetil/Tacrolimus) in
contrast to other combinatorial treatments analysed
(Azathioprine/Cyclosporine, Mycophenolate-
Mofetil/Cyclosporine) might represent the appropriate
method for patients with increased pre-transplant sCD30
levels, since only this treatment modality resulted in a
significant reduction of serum sCD30.
Prognostic pre- and post-transplant sCD30 values
for the transplantation of organs other than kidneys

In contrast to the manifold studies concerning the
impact of serum sCD30 on kidney allograft survival
there exist only a few studies on the sCD30-dependent
allograft outcome of other organs. In the study of
Frisaldi et al. (2006) the genetic background was
investigated by focusing on the analysis of a
microsatellite region [(CCAT)n-sequence], which is
located upstream from the CD30 promoter region, and
known to be associated with sCD30 transcription levels
(Croager et al., 2000; Kadin, 2000). No correlation
between the low versus high expression microsatellite
genotypes and the rate of rejections during the first year
was found. Patients with genotypes including highly
repeated alleles (putatively responsible for reduced
CD30 levels) lacked significant variations in the survival
of heart allografts. Although in comparison with the high
numbers of kidney recipients only a limited number of
heart recipients were investigated (n=83), low pre-
transplant sCD30 levels appeared to be significantly
associated with the survival of heart allografts. A one-
year survival was found in 90% of patients with sCD30
levels ≤ 30 U/ml, but only 75% of patients with sCD30
levels exceeding 30 U/ml. A correlation between sCD30
(≤ 30 U/ml versus > 30 U/ml) and survival was also
observed for long-term post-transplantation heart
allografts (86% versus 75% at 2 years, 84% versus 73%
at 3 years, 82% versus 67% at 4 years and 82% versus
63% at five years) indicating a predictive value of the
pre-transplant sCD30 serum levels. 

Concerning liver transplantation, the Th1 cytokine

IFN-γ and sCD30 as an activation marker for Th2
cytokine-producing T cells were chosen to be monitored
for a possible prediction of acute cellular rejection
episodes in living donor liver graft recipients in the pre-
and early post-operative periods (Kim et al., 2006). Pre-
(day 0) and post-transplant sera on days 1, 3 and 7 from
32 living donor liver recipients after surgery were
investigated for serum IFN-γ and sCD30. 14 recipients
undergoing an acute rejection episode (AR+) exhibited
significantly higher pre-transplant IFN-γ concentrations
(74±23 pg/ml) than did recipients without an acute
rejection episode (AR-; 10±2 pg/ml). On post-transplant
days 1, 3 and 7 the serum IFN-γ levels were always
higher in the AR+ group. The differences between both
groups decreased during the first seven post-transplant
days due to a significant reduction of serum IFN-γ in the
AR+ recipients. In contrast to IFN-γ the pre-transplant
sCD30 levels did not show significant differences. The
average sCD30 level of the AR+ group exhibiting values
of about 110 U/ml was even lower than that of the AR-
group exhibiting levels of about 140 U/ml. Thus, the
pre-transplant sCD30 serum levels in rejecting patients
were not represented by higher values, which is in line
with the studies of Slavcev et al. (2005) and Dong and
co-workers (2006) monitoring kidney allograft
recipients. The sCD30 levels of both groups decreased to
about 60-70 U/ml without significant differences on days
1, 3 and 7, most probably due to the induced
immunosuppressive treatment. The conclusion drawn by
Kim et al. (2006) that the AR+ patients in contrast to the
AR- patients showed a weak but non significant increase
of their post-transplant sCD30 values (about 10%)
between post-transplant day 1 and 3 is a puzzling
interpretation of their raw data since the AR- group also
exhibited a slight increase. Taken together, the data
obtained by Kim and co-workers do not confer sCD30 a
predictive clinical relevance for acute liver allograft
rejection. Liver recipients in accordance with kidney
recipients before transplantation displayed higher sCD30
values (93±58 U/ml) than healthy control persons (17±8
U/ml) indicating variations of the sCD30 concentrations
during the disease course of liver failure similar to that
observed during the hemodialysis treatment (Matinlauri
et al., 2006). The mean pre-transplantation serum sCD30
value was marginally lower in non-rejecting (78±34
U/ml) versus rejecting (104±65 U/ml) patients. The post-
transplant values of both groups after transplantation
decreased clearly to 69±45 U/ml in non-rejecting and to
47±34 U/ml in rejecting patients. Thus, there existed an
18% higher reduction of sCD30 concentration in
rejecting patients compared to non-rejecting patients. A
correlation between serum sCD30 and anti-HLA class I
antibodies or positivity in cross match assays was not
observed by Matinlauri and co-workers. Concludingly,
their investigation, in accordance with the data provided
by Kim et al. (2006), showed that neither pre- nor post-
transplant sCD30 levels were associated with acute
rejection in liver allograft patients. All studies dealing
with sCD30 as a pre- or post-transplant marker
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mentioned in the text are summarized in table 1.
High variations in individual sCD30 levels in pre-
transplantation patients over a year

In order to establish the measurement of serum
sCD30 as a diagnostic tool for the patients of our kidney
waiting list, we investigated whether there exist changes
in the individual sCD30 pre-transplantation levels over
time. In this study a quarterly monitoring of 652 patients
was performed using a commercially available ELISA
(Biotest AG, Dreieich, Germany) based on the assay
originally developed by Josimov-Alasevic et al. (1989).

Calculations of the data were performed using the
WINSTAT program. Serum samples of 203 healthy
blood donors provided by the Department of Transfusion
Medicine of the Martin Luther University (Halle,
Germany) served as controls. In accordance with former
publications (Barbano et al., 2001; Nakao et al., 2002;
Slavcev et al., 2005; Matinlauri et al., 2006; Sengul et
al., 2006) most of the putative recipients exhibited
higher sCD30 values than healthy donors (0-30 U/ml)
leading to mean values between 53 and 68 U/ml with
high standard deviations (Table 2). The sCD30 levels of
the 652 recipients did not show seasonal variations
during the quarterly monitoring (Table 2). The frequency
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Table 1. Summary of the studies on the feasibility of sCD30 serum levels as a pre- and / or post-transplant prognostic marker for allograft outcome of
(A) kidney or (B) other solid organs.

A) kidney transplantations

Study / investigators Organ No. of recipients/ Feasibility as Feasibility as sCD30 threshold 
(chronological order) No. of centres pre-transplant marker post-transplant marker values for risk groups

Pelzl et al., 2002 # kidney 844 recipients/ Yes not investigated low risk group <400 U/ml
German three middle risk group 400 to 800 U/ml
centre study high risk group >800 U/ml 

Suesal et al., 2002 # kidney 3,899 recipients/ Yes not investigated low risk group <100 U/ml
29 centre study high risk group ≥ 100 U/ml
from 15 countries

Roy et al., 2002 kidney 10 recipients not investigated Yes elevated post-transplant sCD30
until 2 weeks

Suesal et al., 2003 # kidney 3.980 recipients/ Yes not investigated low risk group <100 U/ml
33 centre study high risk group ≥ 100 U/ml
from 17 countries

Pelzl et al., 2003 # kidney 65 recipients not investigated Yes elevated post-transplant sCD30
at days 3 to 5

Cinti et al., 2005 kidney 24 recipients Yes not investigated low risk group <100 U/ml
high risk group ≥ 100 U/ml

Rajakariar et al., 2005 kidney 67 recipients Yes, only for vascular not investigated no threshold value recommended
rejection, but not for the

tubulo-interstitial rejection type
Slavcec et al., 2005 kidney 117 recipients No Yes elevated post-transplant sCD30

after 2 weeks
Dong et al., 2006 kidney 231 recipients No Yes elevated post-transplant sCD30

at day 5
high risk group ≥ 65 U/ml

Sengul et al., 2006 kidney 50 recipients Yes Yes high pre-transplant risk group ≥ 90 U/ml
elevated post-transplant sCD30

at day 15 
Weimer et al., 2006 kidney 84 recipients not investigated Yes, elevated post-transplant sCD30

chronic rejection at 4 and 12 months

B) other solid organ transplantations

Study / investigators Organ No. of recipients Feasibility as Feasibility as sCD30 threshold values for risk groups
pre-transplant marker post-transplant marker

Frisaldi et al., 2006 heart 83 recipients Yes not investigated high risk group >30 U/ml
Kim et al., 2006 liver 32 recipients No No no threshold value recommended
Matinlauri et al., 2006 liver 54 recipients No No no threshold value recommended

#: studies of the Dept. of Transplantation Immunology, Institute of Immunology, Medical School, University of Heidelberg, Germany.



of patients with sCD30 serum levels >100 U/ml was
always lower during our quartal measurements than in
the investigations published by Suesal and coworkers
(2002, 2003). Interestingly, 109 of the 652 patients
(16.7%) exceeded the borderline of 100 U/ml for one
time to three times, whereas only 2.9% i.e. 19 of 652
patients showed sCD30 levels higher than the proposed
“cut off” in all four quarterly measurements. The group
of recipients with sCD30 levels permanently lower than
100 U/ml comprised 524 patients (80.4%). One hundred
and fifty eight (24.2%) of 652 putative recipients
exhibited sCD30 serum values lower than 30 U/ml for
one time to three times indicating a certain rate of
transient fluctuations down to sCD30 serum values of
healthy control group members. Since in the studies
performed so far pre-transplant sCD30 levels have only
been determined once per individual, our data showed
for the first time a high degree of variation in the
individual sCD30 levels over time, which temporarily
exceeded the proposed upper “cut off” at 100 U/ml, but
also the lower “threshold level” of 30 U/ml between
hemodialysis patients and healthy controls.
Investigations regarding the variations of sCD30 over
time are of particular importance, as in Middle Europe
the waiting time of most recipients for the reception of a
kidney graft is about three to four years, although many
recipients exhibit waiting times ranging from five to ten
years. During this period the patients may develop
additional diseases based on the continued intoxication
due to the lack of proper kidney function (Descamps-
Latscha and Herbelin, 1993; Descamps-Latscha and
Chatenoud, 1996; Taskapan et al., 2000; Nakao et al.,
2002) suggesting that the variation of sCD30 serum
levels may be caused by many reasons. Therefore, we
hypothesize that sCD30 levels have to be determined
over a time period in each individual of the
transplantation list. 
Conclusions

Although the data obtained by some investigators
indicate a certain statistical impact of serum sCD30
levels the implementation of sCD30 levels as a pre-
transplant or post-transplant marker can not be regarded
as a breakthrough in the prediction of allograft rejection,
since the data obtained by the various investigators are

very heterogeneous or even contradictory as summarized
in this article. The predictive value of serum sCD30
levels originally published by Pelzl et al. (2002) from a
national three-centre-study and later from an
international multicentre study (Suesal et al., 2002) was
confirmed by Cinti et al. (2005), but highly narrowed by
Rajakariar and co-workers (2005) who found a
correlation between sCD30 levels and the corresponding
rejection grades. In their study only the vascular
rejection type was characterised by increased sCD30
pre-transplant levels, whereas the dominating
tubulointerstitial type showed decreased sCD30 values
even lower than those in the healthy control group. In
addition, the use of sCD30 as a predictive marker could
not be confirmed by the studies of Slavcev et al. (2005)
and Dong et al. (2006). In both studies no significant
differences in the sCD30 pre-transplant levels of
rejecting and non-rejecting patients were observed. One
can only speculate that the different grades of rejection
and their possible co-existence which were detectable in
nearly 50% of the patients suffering from acute rejection
(Mauiyyedi et al., 2002) are not numerically reflected by
the studies of Pelzl/Suesal and co-workers. 

A general problem are the data evaluations which are
nearly completely based on statistical calculations and
which, additionally, are characterized by values with
very high standard deviations but which do not
investigate physiological aspects. Apart from the pivotal
study of Dai et al. (2004) there exist, in addition to the
multiple statistical analyses, only speculations about the
origin, function and characteristics of CD30+ T cells as
the origin of serum sCD30 and their possible influence
on the phenomenon of allograft rejection. Therefore
further studies clarifying these questions which also
contribute to a better understanding of the
pathophysiologic role of these cells in the rejection of an
allograft are urgently required. Whether elevated sCD30
levels are genetically based or triggered by the patients’
individual immunologic status as first discussed by
Suesal and co-workers (2002) has not yet been the focus
of investigations. Although a general genetic disposition
with a minor impact can not be excluded (Frisaldi et al.,
2006) the unexpectedly high individual time-dependent
variations described in our study clearly favour the
concept that mainly individual immunological events
lead to the observed increase and decrease of serum
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Table 2. No seasonal variation of mean sCD30 levels of 652 patients.

Date of serum collection Mean value (MV) Standard deviation (SD) Expected border line

04 / 2005 52,52 U/ml ± 48,21 148,94
07 / 2005 67,25 U/ml ± 39,27 145,79
10 / 2005 58,47 U/ml ± 35,76 129,99
01 / 2006 68,19 U/ml ± 42,49 153,17

The sCD30 serum levels of 652 pre-transplant patients were quarterly monitored using an sCD30 ELISA. The expected border line is defined as MV +
2 SD.



sCD30 (Altermann et al., submitted) further arguing
against one single measurement. Due to the
heterogeneity of sCD30 levels its implementation as a
pre-transplant marker cannot be justified for organ
allocation to patients with sCD30 values higher than 100
U/ml.

Most of the investigations dealing with sCD30 as a
predictive post-transplant marker demonstrate reduced
serum sCD30 levels in kidney recipients without acute
rejection episodes when compared to recipients with
acute rejections. This reduction could not be observed in
liver recipients (Kim et al., 2006; Matinlauri et al.,
2006). However, different post-transplant days (5 days to
2 weeks) were employed for the determination of the
sCD30 levels. According to the studies of Roy et al.
(2002), Slavcev et al. (2005) and Sengul et al. (2006) a
reduction of sCD30 levels had to be measured two
weeks after the transplantation, whereas Pelzl et al.
(2003) and Dong et al. (2006) detected a significant
decrease in the patients’ sCD30 levels without acute
rejection episodes during the first five days. Therefore
the measurement of sCD30 at the fifth post-transplant
day was recommended. In addition, the parallel
determination of some other parameters (e.g. cytokines
or apoptotic parameters) might give further information
and open a non-invasive strategy to predict acute
rejections. The final aim of this strategy will be the
avoidance of the highly invasive biopsy for which a
substitution is urgently required. So far the value of post-
transplant sCD30 levels for the prediction of acute
rejections appears to be restricted to kidney
transplantations since in the context of liver
transplantations neither significant pre- nor post-
transplant changes were observable (Kim et al., 2006;
Matinlauri et al., 2006). Taken together, the high
variations of sCD30 levels and their corresponding high
standard deviations and variations of other statistical
parameters as well as their time-dependence suggest the
interpretation of individual sCD30 serum levels
observed over time. Generalised threshold levels
postulated cannot be applied to all patients. Further data
on a larger panel of patients’ samples with quarterly
monitoring and in particular the association with other
clinical parameters (e.g. infections, duration of
hemodialysis) are a prerequisite to define sCD30 as
putative biomarker for the prediction of kidney allograft
rejections.
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