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Summary

Acute rejection remains a poor predictor of graft outcome. In this study, we
measured serum levels of interferon (IFN)-g and neopterin by enzyme-linked
immunosorbent assay and a single nucleotide polymorphism (SNP) within
the 3� untranslated region of the interleukin (IL)-12 B gene (1188 A/C) to
determine whether either of these factors could predict acute rejection in
renal transplantation. Significantly higher early post-transplant neopterin
levels (days 5–7; 35·7 versus 19·9 nmol/l) were observed in recipients who
subsequently rejected their grafts. Post-transplant neopterin levels showed
a strong positive correlation with 1-month creatinine levels (Spearman’s
correlation 0·62, P < 0·001), suggesting macrophage activation early after
transplantation. Pretransplant neopterin and IFN-g levels and the IL-12B
gene SNP did not predict acute rejection in this small retrospective study. The
ability to predict acute rejection non-invasively early after transplantation
could lead to individual tailoring of immunosuppressive regimens and
perhaps lead eventually to longer graft survival.
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Introduction

Transplantation provides the best survival benefits to
patients with end-stage kidney disease compared with
other forms of renal replacement therapy. Although the
incidence of acute allograft rejection (AR) has fallen sig-
nificantly with advances in immunosuppression, AR
remains a strong predictor of poor graft outcome [1]. A
clear correlation between subclinical acute cellular rejection
and chronic graft dysfunction has been demonstrated in
the study by Nankivell et al. [2], indicating that immuno-
logical rejection is a factor for progression to graft failure.
AR is a complicated process involving both immune and
non-immune mediated factors. A long-standing objective
of transplantation immunology has been to identify reli-
able immunological markers for the prediction of AR and
thus to enable tailoring of immunosuppressive regimens to
individual patients.

Cytokines are soluble glycoproteins with proinflamma-
tory and/or anti-inflammatory properties. Proinflammatory
cytokines such as interleukin (IL)-2, interferon (IFN)-g and
tumour necrosis factor (TNF)-a modulate T cell activity
during the immune response and are powerful mediators in
AR.

We have demonstrated previously significant interindi-
vidual differences in cytokine production in vitro in both
normal individuals [3] and in patients [4] prior to renal
transplantation. Our group also showed that patients who
secrete higher pretransplant levels of IFN-g in vitro are more
likely to undergo AR [4,5] and have poorer long-term graft
function [6] than patients who secrete lower levels. In con-
trast to the work of Pravica et al. [7], we were unable to show
a correlation between IFN-g gene polymorphisms and in
vitro production of IFN-g [8]. We found subsequently that
although measuring in vitro production of IFN-g was pre-
dictive of rejection in human leucocyte antigen D-related
(HLA-DR) mismatched recipient–donor pairs, this was of
limited value in beneficially matched patients because of the
HLA-DR match not eliciting a significant mixed-lymphocyte
reaction [9].

A number of cytokines orchestrate the production of
IFN-g, including IL-12, the key cytokine of T helper 1 (Th1)-
mediated immunity in humans. IFN-g, in turn, is a major
stimulus to neopterin production by monocyte-derived
macrophages. In vivo, there is a strong correlation between
neopterin levels in the urine or serum and the severity,
progression and outcome of many infectious and inflamma-
tory diseases [10]. Although the cellular infiltrate of AR is
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composed primarily of T cells, a number of studies have
shown that macrophages are prominent and are effectors of
tissue damage [11,12]. In this current study, we set out to
evaluate the role of pre- and post-renal transplant serum
neopterin levels, and a single nucleotide polymorphism
(1188 A/C) of the IL-12B gene on the outcome of AR in renal
transplantation. Additionally, we analysed the in vivo pre-
transplant IFN-g levels to assess whether these correlated
with neopterin levels and/or acute rejection within our
cohort of patients.

Materials and methods

Patients

Sixty-five renal transplant recipients (RTR) who received a
kidney transplant between October 2003 and September
2005 from a single centre at Derriford Hospital were
included in the study. All recipients received standard
triple immunosuppression: cyclosporin (8 mg/kg/day with
Ciclosporin 2-h post-dose level monitoring), Azathioprine
(2 mg/kg/day) and prednisolone (20 mg/day). This regimen
of anti-rejection therapy was used commonly within the
United Kingdom at the time of the study period. The study
was granted full approval by Plymouth Hospitals National
Health Service Trust Research and Development Committee
and the South-west Devon Research Ethics Committee.

Diagnosis of acute rejection

Acute rejection was defined by histological changes in renal
allograft biopsy occurring within the first 3 months of trans-
plantation using the Banff Classification 1997. Transplant
biopsies were undertaken if there was clinical suspicion of
rejection based on rising serum creatinine. Other clinical
parameters recorded include the number of HLA mis-
matches between donors and recipients, panel reactive anti-
bodies (PRA) pretransplantation, warm and cold ischaemic
time, cytomegalovirus (CMV) infection, presence of delayed
graft function and serum creatinine at 1 and 3 months post-
transplant. CMV infection is defined by a viral load greater
than 100 000 copies per millilitre as measured by polymerase
chain reaction (PCR). Pre-emptive treatment with Valganci-
clovir was used in patients with CMV infection. Delayed
graft function is defined as the need to initiate dialysis
post-transplant.

Measurement of serum neopterin and IFN-g

Serum was collected pretransplant on day 0 and between
days 5 and 7 post-transplant and stored at -20°C. Pre-/post-
transplant serum neopterin and pretransplant IFN-g levels
were measured retrospectively by commercial enzyme-
linked immunosorbent assay (Brahms, Germany and Bender
MedSystems, Austria respectively) in all 65 RTR.

Polymerase chain reaction amplification

Genomic DNA samples were extracted from peripheral
blood in ethylenediamine tetraacetic acid or prepared lym-
phocytes from donor spleen cells, using a ‘salting-out’
method [13]. The polymorphic-3′untranslated region
(UTR) end of the IL-12B gene at position 1188 A/C was
investigated in donors and their corresponding recipients. In
brief, PCR amplification of the region of interest was carried
out with forward primer (5′-CTG ATC CAG GAT GAA
AAT TTG G-3′), reverse primer (5′-CCC ATG GCA
ACT TGA GAG CTG G-3′), 2 mmol/l 2′-deoxynucleosides
5′-triphosphate, 10¥ buffer solution, 25 mmol/l MgCl2 and
Taq polymerase. PCR conditions consisted of an initial dena-
turation at 96°C for 1 min, followed by 10 cycles at 96°C for
15 s, at 55°C for 50 s, at 72°C for 40 s and then 20 cycles at
96°C for 10 s, at 60°C for 50 s and finally at 72°C for 40 s. The
PCR product was digested with Taq1 (Fermentas Life Sci-
ences, St. Leon-Rot, Germany) restriction enzyme. The
product was then loaded onto a 3% agarose gel and run at
120 V for 30 min, and visualized under ultraviolet light
staining with ethidium bromide. A 50 base pairs (bp) DNA
ladder (Fermentas Life Sciences) was used to assess DNA
size. With the rarer C allele, Taq1 would generate two prod-
ucts of 156 and 71 bp. The cytokine genetic analysis was
found to be in Hardy–Weinberg equilibrium.

Statistical analyses

The numbers of patients in the study are sufficient to give a
power of 80% for detecting a difference of 36% or more (e.g.
20% and 56%) in the percentages of IL-12 AC for the rejectors
and non-rejectors, based on a c2 test at the 0·05 significance
level. Data are expressed as median (minimum–maximum)
and numbers (%). Mann–Whitney U, Kruskal–Wallis, c2,
Fisher’s exact tests and Spearman’s correlation were used as
appropriate. Multiple logistic regression analysis was used to
determine variables associated with AR. Variables with
P-value of < 0·10 in the univariate tests were included in the
regression models. Findings were considered statistically sig-
nificant if the corrected P-value was less than 0·05.

Results

During the study period, 65 patients (37 male, 28 female,
median age 45 years) received renal transplants from
58 donors (median age 46 years). Three patients were
re-transplanted, one of whom was transplanted for the third
time. None of these three patients rejected their kidneys.
Fifty patients received kidneys from deceased heart-beating
donors, five from live donors and 10 from controlled non-
heart-beating donors. Twenty patients (31%) were diag-
nosed with AR, most of whom (n = 15) experienced one
episode of AR, while five patients had two episodes of AR.
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Patients with AR had significantly higher serum creatinine at
1 month, although it was no longer significant by 3 months
(Table 1).

Pre- and post-transplant serum neopterin levels were
measured in all 65 patients. There was no difference in pre-
transplant levels between those with and without AR.
However, post-transplant neopterin was significantly higher
among rejectors (Table 1, Fig. 1) and remained significant in
multivariate analysis (Table 2). There was a strong positive
correlation between post-transplant neopterin levels and

creatinine at 1 month (Spearman’s correlation 0·62,
P < 0·001). The correlation with creatinine at 3 months,
albeit weaker, remained significant (Spearman’s correlation
0·36, P = 0·007, data not shown). Multiple linear regression
looking at the relationship with creatinine at 1 month
determined that post-transplant neopterin level was the
only independently significant factor (adjusted R2 = 0·40,
P < 0·001).

Pretransplant serum IFN-g was also measured in all 65
patients. There was no correlation between levels of IFN-g
and acute rejection (data not shown).

Cytomegalovirus infection was found to be a risk factor
for acute rejection in the logistic regression model, with
an odds ratio of 6·16 (P = 0·026, 95% confidence interval
1·24–30·52).

A total of 59 renal recipients and 61 kidney donors were
analysed for the IL-12B 1188 A/C polymorphism in the 3′
UTR of the IL-12 B gene (Table 3). Previous in vitro studies
have suggested that IL-12 production varies according to the
1188 A/C genotype and therefore we speculated that it may
have an effect on rejection by affecting the IL-12 levels within

Table 1. Comparison of quantitative and categorical variables between rejectors and non-rejectors.

Variable Rejectors Non-rejectors P-value

1 month creatinine (mmol/l) 202 (118–906) 135 (71–519) < 0·001

3 months creatinine (mmol/l) 152 (89–802) 130 (74–483) 0·094

Cold ischaemic time (min) 1139 (138–2203) 1046 (120–2020) 0·31

Warm ischaemic time (min) 30·5 (15–75) 30·5 (16–70) 0·74

Delayed graft function 7 (35·0%) 8 (17·8%) 0·13

HLA-A antigen mismatch

One-antigen mismatch 13 (65·0%) 32 (71·1%) 0·18

Two-antigen mismatch 1 (5·0%) 7 (15·6%)

HLA-B antigen mismatch

One-antigen mismatch 13 (65·0%) 31 (68·9%) 0·41

Two-antigen mismatch 3 (15·0%) 10 (22·2%)

HLA-DR antigen mismatch

One-antigen mismatch 2 (10·0%) 9(20·0%) 0·24

Two-antigen mismatch 3 (15·0%) 2 (4·4%)

PRA (> 0%) 1 (5·0%) 6 (13·3%) 0·42*

IL-12B AC genotype (R) 4/19 (21·1%) 14/40 (35·0%) 0·28

IL-12B genotype mismatch

One-locus mismatch 8 (40·0%) 15 (33·3%) 0·87

Two-loci mismatch 2 (10·0%) 5 (11·1%)

Pretransplant neopterin (nmol/l) 76·0 (40·1–154·0) 86·3 (26·8–370·6) 0·104

Post-transplant neopterin (nmol/l) 35·7 (8·7–100·0) 19·9 (2·8–93·5) 0·006

Pretransplant IFN-g (ng/ml) 1·8 (0·3–47·8) 1·8 (0–162) 0·57

*Fisher’s exact test. Quantitative variables are expressed as median (range) and categorical variables as number (%). PRA, panel reactive antibodies;

R, recipients; HLA, human leucocyte antigen; IL, interleukin; IFN, interferon.
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Fig. 1. Early (days 5–7) post-transplant neopterin levels in

non-rejectors versus rejectors. Significant differences in median

neopterin levels were demonstrated in patients with acute rejection

(35·7 nmol/l) (range 8·7–100·0) than those without rejection

(19·9 nmol/l) (range 2·8–93·5) (Mann–Whitney U-test: P = 0·006).

Table 2. Multiple logistic regression analysis demonstrating that post-

transplant neopterin levels and cytomegalovirus (CMV) infection are

both independent predictors of acute rejection.

Variable P-value Odds ratio 95% confidence interval

Neopterin d5–7 0·003 1·049 1·017–1·083

CMV infection 0·026 6·16 1·24–30·52

Neopterin and IL-12B in renal transplantation
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the recipient or donor kidney. In this study, the IL-12B poly-
morphism (1188 A/C) was not predictive of acute rejection
in the RTR.

Discussion

Neopterin is a pteridine, its biosynthesis beginning with gua-
nosine triphosphate (GTP). GTP is cleaved by GTP cyclohy-
drolase I to synthesize 7,8-dihydroneotperin triphosphate.
Because of the relatively inefficient enzyme activity of 6-
pyrovoyltetrahydropterin synthase in human monocytes/
macrophages, this results in an accumulation of 7,8-
dihydroneopterin triphosphate that is then cleaved by
phosphatase to form neopterin [10,14]. Macrophages and
dendritic cells in humans constitute the major source of
production of neopterin. IFN-g is a powerful stimulator of
GTP cyclohydrolase I and hence of neopterin production.
Production of IFN-g is, in turn, governed by IL-12, a het-
erodimeric cytokine composed of p35 and p40 [15]. IL-12p70
production varies widely between individuals, and several
polymorphisms in the gene encoding IL-12p40 (IL-12B) have
been identified that influence susceptibility and severity of
infectious, autoimmune and neoplastic disease. IL-12B pro-
moter homozygotes have been shown to be associated with
enhanced IL-12p70 production in vitro, while A/C heterozy-
gotes are thought to be associated with decreased production
[16–18]. However, the data seem to be affected by the in vitro
stimuli used. In addition, IL-12p production has been also
shown to be reduced by IL-10 polymorphisms [16]. This
cascade of IL-12/IFN-g–neopterin interaction represents the
Th1 immune response. Current evidence suggests that IFN-g
is a powerful cytokine mediating AR. We therefore set out to
examine the up-stream and down-stream factors governing
IFN-g production, i.e. the effects of IL-12B polymorphisms
and pre- and post-transplant serum neopterin levels in acute
renal AR.

In our earlier studies we have demonstrated a predictive
effect of pretransplant IFN-g levels measured in vitro on
acute rejection [3,4]. However, the pretransplant serum
levels of IFN-g measured in vivo in this study were not pre-
dictive of rejection. This is in accordance with the work from
Ghafari et al. [19], but in contrast to the work from Sadeghi
et al. [20], which demonstrated an association with pretrans-
plant IFN-g levels and rejection.

To our knowledge, this is the only study in the published
literature examining the effect of IL-12B gene polymor-
phism on acute rejection in renal transplantation. Despite
the published correlation between IL-12B genetic polymor-
phisms and IL-12 production, we were unable to find an
association between the IL-12B 1188 A/C polymorphism
within the recipient or donor kidney DNA and the incidence
of AR. Although the numbers of patients in our study were
low there was sufficient power in the study to rule out a
strong association, which was our objective. Studies of
cytokine gene polymorphisms have attracted much atten-
tion in recent years but have yielded mixed results. While
acute renal AR has been observed with increased frequency
in patients with high IFN-g and TNF-a producer genotypes
[21], this was not demonstrated in patients on tacrolimus-
based therapy [22], raising a question-mark over the signifi-
cance of cytokine polymorphism in the modern era of
immunosuppression. The role of IL-12 in the field of trans-
plantation is not well studied. Although IL-12 is known to
stimulate the differentiation of naive T cells into Th1,
thereby initiating acute rejection, IL-12p70 was found to
delay AR in several skin and heart allograft models [23].
Furthermore, while pretransplant serum IL-12 levels were
found to be higher in adult patients who subsequently
rejected their kidney grafts [24], this was not demonstrated
in paediatric transplant recipients [25]. Another important
determinant of cytokine gene polymorphism distribution
may be ethnicity [26]. Recently, two other related cytokines,
IL-23 and IL-27, have been described, both of which are
related to the IL-12 heterodimer family [27]. IL-23 promotes
IL-17 production by Th17 subsets, with evidence suggesting
the proinflammatory nature of IL-17. Cross-regulation
exists between IL-12/IFN-g and IL-23/IL-17 pathways, with
IFN-g a suppressor of IL-23 and IL-17 synthesis. Future
in-depth studies are necessary to dissect further their role in
transplantation, but the evidence from the studies above
suggest that IL-12 is not a good predictor of graft outcome.

Serum neopterin levels are a good marker of Th1 activa-
tion, and hence may provide a useful non-invasive adjunct
tool to monitor acute rejection [28]. Our study demon-
strated that although pretransplantation serum neopterin
levels were not predictive of subsequent AR, in the early
post-transplant period high neopterin levels were associated
with a higher risk of acute rejection episodes. It also
remained a significant factor in predicting AR in a logistic
regression model. This is in accordance with findings from
earlier studies [29–32]. In a retrospective analysis of 172 RTR
plasma neopterin was found to be useful in the early detec-
tion of AR, with an overall sensitivity of around 90% [30]. It
could be argued that raised neopterin levels represent acti-
vated macrophages within the kidney early after transplan-
tation; however, without biopsies taken at the same time
(days 5–7) this cannot be proved. Two more recent studies
have also demonstrated significant increases in post-
transplant neopterin levels in those with rejection [33,34].

Table 3. The effect of interleukin (IL)-12B 1188AC single nucleotide

polymorphism (SNP) on rejection.

IL-12 cytokine

polymorphism Rejectors Non-rejectors P-value

IL-12B 1188AC SNP

recipient

4/19 (21·1%) 14/40 (35·0%) 0·28

IL-12B 1188AC SNP

donor

5/18 (27·8%) 19/43 (44·2%) 0·23
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Excretion of neopterin requires normal renal function;
therefore elevated neopterin levels can be seen in those with
delayed graft function [30,32]. Within this study, post-
transplant neopterin levels were independently significant to
delayed graft function by multiple linear regression looking
at the relationship with creatinine at 1 month. Raised serum
neopterin levels have been shown to be associated signifi-
cantly with impaired 2-year graft function [33]. This effect
was also observed in our cohort of patients, as creatinine
at 1 and 3 months were correlated positively with post-
transplant neopterin levels, although we do not have creati-
nine data beyond the 3-month period.

Higher neopterin levels seen in those who rejected their
grafts might be explained by inadequate immunosuppres-
sion leading to ongoing Th1 activation and therefore raised
serum levels. It is clear that AR can occur even when levels
of immunosuppressive drugs are within recommended
targets, implying the need to tailor immunosuppression
individually. Measurement of neopterin levels post-
transplantation might provide useful information under
such circumstances. In situations where rising neopterin
levels are encountered, vigilance and closer monitoring of
renal function and immunosuppressive drug levels could be
performed to ensure that levels are in the higher range of the
recommended targets. Similarly, dose reduction could be
considered in those with stable neopterin levels, in order to
avoid over-immunosuppression.

Cytomegalovirus infection might provide another poten-
tial mechanism for raised neopterin levels in those who
underwent AR. The relationship between CMV infection and
AR has long been recognized. Logistic regression analysis in
our study determined that CMV infection was an indepen-
dent factor for AR. The immunomodulatory effect of CMV
could possibly be an explanation for this effect. Weimer et al.
suggested recently that CMV disease might induce long-term
macrophage activation resulting in increased risk of AR and
graft survival [33]. Macrophage activation could translate to
increased neopterin production. This is supported by the
observation that increased serum and urine neopterin corre-
lated with the appearance of symptoms or signs of CMV
infection, preceding CMV-specific immunoglobulin M
response by a median of 9 days [35].

Weaknesses in our study include the relatively small
numbers of patients, the retrospective nature of the study
and the relatively short follow-up period, although our
intention was to assess the incidence of AR, not long-term
graft function. Although higher post-transplant neopterin
levels were suggestive of subsequent rejection within our
study, the level that defines an individual patient being at
risk is uncertain, as there was overlapping of neopterin
levels between patients with and without rejection (Fig. 1).
Further prospective studies involving a larger population
are needed to explore the levels of neopterin that can
predict rejection before this non-invasive marker can be
used to tailor individual immunosuppression regimens.

Subclinical rejections could be detected by protocol biopsy.
Examining the correlation between subclinical rejection
and post-transplant neopterin levels would provide further
insight into the practicality of this immune marker. We are
currently in the process of a much larger study to answer
these questions.

In summary, an increase in early post-transplant neop-
terin levels might be used as a clinical adjunct tool to select a
subgroup of patients who are at risk of AR. It provides a
post-transplant immunological marker, in addition to pre-
transplant HLA mismatching and/or PRA, for rejection risk
stratification, therefore tailoring individual immunosup-
pression therapy in the early post-transplant period. IL-12B
genotyping does not seem to provide additional information
and its routine evaluation in either the donors or recipients
cannot be recommended currently. Finally, in comparison
with our earlier studies that demonstrated a predictive value
for pretransplant IFN-g levels measured in vitro, pretrans-
plant in vivo serum levels of IFN-g measured were not pre-
dictive of rejection.
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