
Characteristics of alloreactive T cells measured before
renal transplantationcei_4551 241..250

P. J. E. J. van de Berg,*† S. L. Yong,†

S. D. Koch,† N. Lardy,‡

K. A. M. I. van Donselaar-van der Pant,*
S. Florquin,§ F. J. Bemelman,*

R. A. W. van Lier† and
I. J. M. ten Berge*
*Renal Transplant Unit, Department of
†Experimental Immunology and §Pathology,

Academic Medical Center, and ‡Department of

Immunogenetics, Sanquin Diagnostic Services,

Amsterdam, the Netherlands

Summary

Several assays to measure pre-existing allospecific T cell immunity in renal
transplant candidates have been developed in the past years. In 46 patients,
we used flow cytometry-based mixed lymphocyte culture to measure the
precursor frequency and phenotype of alloreactive T cells before renal trans-
plantation, using donor-specific or third-party cells for allostimulation.
Allostimulation induced up-regulation of co-stimulatory molecules, chemo-
kine receptors relevant for migration of T cells into the graft and effector
proteins. Recipients prone for acute rejection had a higher precursor fre-
quency of alloreactive CD8+ T cells and a lower percentage of interleukin
(IL)-7Ra expressing alloreactive CD8+ T cells than non-rejectors. These data
point to quantitative and qualitative differences between T cells of patients
who will experience acute cellular rejection episodes from those who will not.
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Introduction

Despite an essential role for T cells in the pathogenesis of
allograft rejection, in the selection of candidates for renal
transplantation most attention has always been paid to the
measurement of pre-existing allospecific B cell immunity.
Although a relationship between precursor frequencies of
alloreactive T cells and clinical outcome has been suggested
in several studies [1,2], only in the past years have reliable
and sensitive methods for measurement of pre-existing
allospecific T cell immunity been developed. Several groups
have now shown that donor-specific interferon (IFN)-g
enzyme-linked immunospot (ELISPOT) enables prediction
of the strength of the alloimmune response before transplan-
tation [3–5]. In addition, the pretransplant differentiation
status of alloreactive T cells has been shown to be predictive
for transplant rejection [6]. However, these assays measure
only part of the cellular immune reactivity against alloanti-
gens, and one may question whether one parameter of
cellular immunity will suffice to select patients at risk for
mounting a high cellular T cell response to the allograft
[7,8].

Considering the cellular alloimmune response, several
steps are involved. T cells recognize alloantigens through

their antigen receptors [T cell receptors (TCR)] via the direct
or indirect pathway [9]. Optimal activation of T cells
by antigen depends on appropriate signalling through
co-stimulatory receptors and the influence of inhibitory
receptors [10–12]. The interaction of common-g chain
cytokines and their receptors are pivotal in the initiation
and perpetuation of an immune response. These receptors
are expressed differentially during the immune response,
depending in part on the strength of activation signals
[13,14]. Alloactivated T cells are recruited into the graft by
locally expressed chemokines [15–18]. Once in the graft, the
CD4+ T cells function mainly by producing cytokines that
activate and attract other immune cells. The CD8+ T cells can
lyse tubular cells directly through their effector molecules,
perforin and granzymes [19].

Also, the differentiation state of the alloreactive T cell pool
may be important, where a preponderance of Th1 cells is
predictive for allograft failure and regulatory T cells (Tregs)
can inhibit potential damaging effector T cells [20,21].

The ideal test to predict allospecific T cell immunity
would include assessment of each of the above-mentioned
properties of alloreactive T cells. Therefore, we used flow
cytometry-based mixed lymphocyte culture (MLC), the
so-called multi-parameter MLC–5-,6-carboxyfluorescein
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diacetate succinimidyl ester (CFSE)-assay, which can
measure simultaneously the precursor frequency of both
CD4+ and CD8+ alloreactive T cells, in combination with
qualitative T cell properties [22]. We questioned whether
this assay would detect differences between patients
with various post-transplant outcomes. In this study we
show that patients with a high precursor frequency of
alloreactive T cells and low percentage of interleukin (IL)-
7Ra expressing alloreactive CD8+ T cells before trans-
plantation have an increased risk of acute rejection after
transplantation.

Study subjects, materials and methods

Subjects, sample collection and isolation
of lymphocytes

This study was approved by the Medical Ethics Committee
of the Academic Medical Center, Amsterdam (METC
06/157) and informed consent was given by all participants.
The study population consisted of 46 renal allograft recipi-
ents. Rejectors were selected based on the availability of both
patient cells collected before transplantation and donor
cells. The non-rejectors were matched for type of donor (i.e.
post mortem and living related), age and sex (Table 1).
Blood samples were obtained from healthy individuals and
from renal transplant recipients on the day of transplanta-
tion before start of immunosuppressive treatment and
before transplant surgery. Donor cells were derived from
peripheral blood of living related donors and from spleen
cells of post-mortem donors. As third-party cells, fully
human leucocyte antigen (HLA)-A/B/DR mismatched
spleen cells were used for post-mortem donor MLC and
fully mismatched PBMC were used for living related donor
MLC. PBMC were isolated from heparinized whole blood
by Ficoll density centrifugation (Pharmacia Biotech AB,
Uppsala, Sweden). All cells were frozen and stored in liquid
nitrogen until the day of analysis.

Immunosuppressive treatment and rejection therapy

All patients received induction therapy with anti-CD25
monoclonal antibody (mAb) in combination with main-
tenance treatment, consisting of prednisolone, myco-
phenolate and cyclosporin. Twenty-two patients with an
uncomplicated post-transplantation course and 24 patients
who developed an episode of acute rejection during the
first 3 months after transplantation were included. Diagno-
sis of acute rejection was based on clinical and laboratory
criteria, and was followed by a core biopsy in all patients.
Biopsies were scored blindly and independently by two
pathologists, according to the Banff criteria [23] (Table 2).
All rejection episodes, except for the one that was classified
as type III, were treated with corticosteroids. The type III T

cell-mediated rejection was treated successfully with anti-
thymoglobulin (ATG) and plasmapheresis. Response to
therapy was evaluated based on the change in plasma crea-
tinine concentration. Return of the plasma creatinine con-
centration to maximally 125% of the prerejection value
within 2 weeks after cessation of treatment was considered
to represent a complete response [24]. All patients showed
a complete response to anti-rejection treatment. Additional
patient characteristics are presented in Table 1. None of the
patients had active BK virus (BKV) or CMV infection in
the time-period following transplantation until or during
their acute rejection episode.

CFSE labelling and cell culture

Responder peripheral blood mononuclear cells (PBMC)
were labelled with CFSE (Molecular Probes Europe BV,
Leiden, the Netherlands), as described previously [22], and
cultured with irradiated donor cells or with irradiated
third-party cells in a one-to-one ratio. The precursor

Table 1. Patient characteristics of the non-rejector group and the

rejector group.

Non-rejectors Rejectors

n = 22 n = 24

Age, years (s.d.) 44 (13) 40 (14)

Male/female, n 14/8 14/10

Women with previous pregnancies, n 4 6

Total no. of pregnancies, n 10 17

Cold ischaemia time, h (s.d.) 11 (8) 11 (10)

Panel reactivity, %, mean (s.d.) 6 (14) 6 (15)

Pretransplant infection, %:

CMV seropositive 77 79

EBV seropositive 95 100

Pretransplant bloodtransfusion, % 100 100

Type of donor

Post-mortem/living, n 10/12 12/12

Mismatches, n

HLA-A/B, median (range) 2 (0–4) 2 (0–4)

HLA-DR, median (range) 1 (0–2) 1 (0–2)

Total no. MM, median (range) 3 (0–6) 3 (0–6)

Primary renal disease, n

DM 2 0

Vascular 5 3

Glomerular 6 6

Interstitial 4 6

Hereditary 3 5

Unknown 2 4

Type of rejection, Banff, n

Type I 10

Type II 11

Type III 1

Unknown 2

CMV: cytomegalovirus; EBV: Epstein–Barr virus; HLA: human

leucocyte antigen; MM: mismatches; DM: Diabetes Mellitus; s.d.:

standard deviation.
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frequency was calculated as follows: [Sn>=1(Pn/2n)]/
[Sn>=0(Pn/2n)], where ‘n’ is the division number that cells
have passed through and ‘Pn’ is the number of cells in divi-
sion n [25] and equals the percentage of alloreactive cells at
the start of the mixed lymphocyte reaction that participates
in the alloresponse.

Fluorescence activated cell sorter (FACS) staining

Freshly thawed cells and cells obtained after 6 days’ MLC
were stained as follows: 500 000 PBMC were incubated
with fluorescently labelled conjugated mAbs (at saturating
concentrations) for 30 min at 4°C, protected from light.

Table 2. CD8+ donor-specific (dsp CD8 pf) and CD8+ third-party precursor frequency (third-party CD8 pf), cytomegalovirus (CMV) serostatus before

transplantation, the number of days from transplantation to rejection and type of rejection of each individual transplant recipient.

Non-rejectors

dsp CD8

pf

3rd-party

CD8 pf

CMV serology before

transplantation

Days between Tx and

acute rejection

Banff

classification

1 2·78 3·50 +
2 2·77 8·26 +
3 4·08 5·49 +
4 2·00 7·21 -
5 6·12 8·98 +
6 8·88 8·12 +
7 4·80 8·46 -
8 4·66 4·32 +
9 7·82 8·31 +

10 4·97 11·80 -

11 0·58 3·38 +
12 3·69 7·23 -
13 1·01 3·50 +
14 6·44 11·10 +
15 1·94 6·48 +
16 1·00 4·87 +
17 0·85 6·90 +
18 6·93 8·12 +
19 1·25 2·50 -
20 3·21 3·72 +
21 2·96 4·32 +
22 6·63 10·50 +

Rejectors

1 7·78 7·95 + 45 ACR IIa

2 1·23 4·07 + 33 ACR Ia

3 7·80 10·90 + 8 ACR IIa

4 2·20 4·01 + 38 ACR Ia

5 8·54 5·04 + 9 ACR Ib

6 7·35 7·54 + 35 ACR Ib

7 6·97 19·20 + 28 ACR IIa

8 1·69 4·27 - 24 ACR Ib

9 5·32 15·70 + 10 ACR Ia

10 3·88 4·71 - 10 ACR IIb

11 7·29 6·29 + 7 ACR IIa

12 7·32 12·90 - 29 No material

13 7·17 5·00 + 27 ACR IIb

14 2·55 5·64 - 13 ACR Ia

15 2·59 3·61 + 9 No material

16 2·03 5·64 - 55 ACR Ia

17 3·82 4·80 + 41 ACR IIa

18 3·41 2·23 + 28 ACR III

19 1·00 3·97 + 31 ACR IIa

20 5·97 15·30 + 11 ACR IIa

21 7·31 13·90 + 6 ACR IIa

22 2·18 4·72 - 13 ACR Ia

23 17·00 11·40 + 23 ACR Ib

24 7·60 7·37 + 38 ACR Ia

MLC–CFSE assay in rejectors and non-rejectors
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The necessary fluorochrome-conjugated antibodies were
purchased from eBiosience, Inc. (San Diego, CA, USA),
Becton Dickinson (BD) (San Jose, CA, USA) or Sanquin
(Amsterdam, the Netherlands) Samples were measured
using the FACS Canto flow cytometer from BD. Subsequent
analysis was done using FlowJo version 8·8. The gating was
performed using isotype controls.

ELISPOT assay

IFN-g ELISPOT assay was performed as described previ-
ously in detail [26]. Briefly, 96-well plates (Millipore, Esch-
born, Germany) were first coated with a primary IFN-g
antibody (BD Pharmingen, Heidelberg, Germany) and left
at 4°C overnight. Next, 3 ¥ 105 responder PBMC and
3 ¥ 105 donor or third-party T cell-depleted cells were incu-
bated in triplicate wells. Phytohaemagglutinin (PHA) was
used as a positive control and as a negative control we used
autologous MLC, recipient cells alone and stimulator cells
alone. After 24 h of incubation at 37°C, 5% CO2, plates
were washed with phosphate-buffered saline (PBS) and
PBS-Tween-20. Biotinylated anti-IFN-g antibody was added
and incubated overnight at 4°C. Then, streptavidin–
horseradish peroxidase conjugate (BD) was added for 2 h.
After a final wash, plates were developed with 3-amino-9-
ethylcarbazole. Results are presented as median values of
ELISPOTs detected in triplicate wells containing responder
PBMC plus donor stimulator cells after subtracting
the response of wells with responder or donor cells
only.

Cell sorting and restimulation

After 6 days’ MLC, PBMC were stained with anti-IL-7Ra
(CD127)-peridinin chlorophyll (PerCP)-cyanin 5·5 (Cy5·5),
CD3-PE-Cy7 and CD8-PE-Alexa610 (all purchased from
BD) and sorted in CFSE-negative, CD8+ IL-7Ra+ fraction
and CFSE-negative CD8+ IL-7Ra- fraction using the Aria
FACS (BD Biosciences). The purity of the sorted populations
was assessed by FACS analysis and was >95%. Sorted cells
were labelled subsequently with CFSE and restimulated with
the radiated stimulator cells. After 4 days, cells were stained
with CD3-PE-Cy7 (BD), CD4-APC-Alexa750 (eBioscience)
and CD8-APC (BD).

Statistical analysis

Comparisons between two groups were performed using
either the Mann–Whitney or Student’s t-test. Spearman’s
test was used to correlate results obtained by flow cytometry
and ELISPOT assay. If more than two groups were com-
pared, we used the one-way analysis of variance (anova)
and subsequent Dunnet’s post-hoc test. P-values < 0·05 were
considered statistically significant.

Results

T cells stimulated by allogeneic cells show changes in
expression of cytokine and chemokine receptors as
well as expression of activation and differentiation-
associated markers

As we showed previously, the multi-parameter MLC–
CFSE assay enables determination of a combination of
quantitative and qualitative properties of alloreactive T cells
in one assay [22]. Figure 1a shows examples of stainings
from one representative patient without stimulation and
after 6 days of allostimulation in the MLC–CFSE assay. The
isotype control of the same experiment is shown in Fig. 1b.
We analysed the expression of surface markers known to be
functionally important in the alloresponse and compared
expression on resting T cells to that on alloreactive cells
against donor cells and third-party cells (Fig. 1c). We also
analysed the expression of these receptors on non-responsive
cells in MLC or after 6 days of autologous MLC. This showed
no significant differences between unstimulated, uncultured
cells and non-responsive cells after 6 days of culture, except
for IL-2Ra, which increased after 6 days (data not shown).
Alloreactive CD4+ and CD8+ T cells showed an activated
phenotype with a decrease in percentage of CD45RA+ cells,
but a marked increase in the percentage of cells expressing
IL-2Ra and HLA-DR. Furthermore, alloreactive CD4+ and
CD8+ T cells had a lower percentage of cells that express
receptors of the common-g chain cytokines other than
IL-2Ra. The percentage of cells expressing the chemokine
receptor CXCR3 was increased after stimulation, contrasting
with cells expressing CCR1 and CCR5, where only small
differences were observed. Changes in the percentage of cells
expressing co-stimulatory proteins CD27, OX40 and induc-
ible T cell co-stimulator (ICOS) were observed in both CD4+

and CD8+ T cells. CD28 expression did not changed in either
subset. Expression of proteins associated with inhibitory
functions, CTLA-4 and PD-1, was increased. Forkhead box
protein 3 (FoxP3), a transcription factor present in regula-
tory cells but also associated with recently activated T cells
[27], was increased after 6 days’ MLC in both CD4+ and
CD8+ T cells.

Donor-specific precursor frequency of CD8+ T cells but
not of CD4+ T cells discriminates patients who will
experience acute cellular rejection

To study whether we could discriminate before transplanta-
tion between patients who will experience acute cellular
rejection episodes from those who will not, we studied ret-
rospectively 24 patients who had suffered from acute cellular
rejection episode(s) and compared them with 22 patients
who had not. Figure 2a shows a representative plot of CFSE
dilution of CD8+ T cells after 6 days’ MLC of a non-rejector
and a rejector. Based on these plots, precursor frequencies
were calculated.
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Figure 2b shows that although the precursor frequency
(pf) of CD4+ T cells showed a trend to increase both after
donor-specific (dsp) and third-party stimulation, the differ-
ence between rejector and non-rejector was not significant.
However, the dsp CD8pf of the rejectors was significantly
higher than that of the non-rejectors (P = 0·02), whereas no
difference between rejector and non-rejector was observed
after third-party stimulation. There was no relationship

between the donor-specific CD8+ precursor frequency and
the time interval between transplantation and acute rejec-
tion, nor with the severity of rejection.

CD4pf and CD8pf are dependent on the number of mis-
matches in HLA-DR and HLA-A/B, respectively. We found a
trend towards a higher CD8pf in rejectors compared to non-
rejectors with the same number of mismatches for HLA-A/B
or HLA-DR (Fig. 2c).

Fig. 1. Phenotypic changes of CD4+ and CD8+

T cells after alloantigenic stimulation in vitro.

(a) Examples from a representative transplant

recipient for expression of common-g chain

receptor, chemokine receptor, co-stimulatory

and inhibitory molecules (y-axis) on

unstimulated and alloreactive T cells after 6

days mixed lymphocyte culture (MLC) for

CD3+CD4+ (left) and CD3+CD8+ (right) T cell

compartment. The x-axis shows side-scatter

(SSC) for unstimulated cells and 5-,6-

carboxyfluorescein diacetate succinimidyl ester

(CFSE) for 6 days’ MLC. (b) Plots show isotype

controls of unstimulated cells and cells after 6

days’ MLC. (c) The percentage of cells that

express the designated protein in the CD4+

(left) and CD8+ (right) T cell compartment

are shown. White bars represent the % positive

cells at day 0 (unstimulated); grey bars

represent the % positive within total CFSE

negative (alloreactive) T cells after MLC using

donor-specific cells as stimulators; black

bars represent the % positive within total

CFSE-negative (alloreactive) T cells after MLC

using third-party cells as stimulators.
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Donor-specific precursor frequency of CD8+ but not
of CD4+ T cells measured by MLC–CFSE correlates
with the number of IFN-g-positive spots using
ELISPOT assay

Data from the literature show that the IFN-g ELISPOT
assay can predict cellular alloreactivity pre- and post-
transplantation. We applied the IFN-g ELISPOT assay to
rejecting and non-rejecting patients from whom PBMC were
still available and from whom the dsp CD8pf and CD4pf was
already analysed using the MCL–CFSE assay. Indeed, the

number of donor-specific IFN-g-producing cells as detected
by ELISPOT was significantly higher in the rejector than in
the non-rejector groups (Fig. 3a). Moreover, we found that
the number of IFN-g spots did not correlate with the dsp
CD4pf, but correlated significantly with the dsp CD8pf
(Fig. 3b,c). We could not establish a relationship between
number of IFN-g spots and the number of mismatches,
although this could be due to the small number of patients.

No difference between rejectors and non-rejectors in
the percentage of IL-2Ra- and IL-15Ra-expressing
alloreactive T cells

The expression of common-g cytokine receptors can be
influenced by the differentiation status of T cells. We mea-
sured the expression of IL-2Ra on unstimulated and allore-
active CD4+ and CD8+ T cells. Before stimulation a low
percentage of cells expressed the IL-2Ra chain; after allo-
stimulation nearly all responsive cells expressed this receptor
but there was no difference between rejectors and non-
rejectors (data not shown). We also measured the expression
of IL-15Ra on unstimulated and alloreactive T cells. The
frequency of IL-15Ra expressing cells on unstimulated cells
was low, and did not increase after donor-specific or third-
party stimulation either in the CD4+ or in the CD8+ T cell
subset (data not shown).

Rejectors have a lower percentage of alloreactive
IL-7Ra-expressing CD8+ T cells after allostimulation

Before stimulation most CD4+ and CD8+ T cells expressed
IL-7Ra, but after 6 days’ MLC CD8+ T cells had a higher
percentage of IL-7Ra- cells within the alloreactive pool than
did CD4+ T cells (Fig. 4a). Importantly, rejectors had a
higher percentage of alloreactive CD8+ T cells that lack
IL-7Ra expression than the non-rejectors. This was the case
for both donor-specific (P = 0·01) and third-party stimula-
tion (P = 0·04) (Fig. 4b), suggesting that this is an intrinsic
property of the recipient T cells. To test if the alloreactive
IL-7Ra+ cells are functionally distinct from the IL-7Ra- cells,
we sorted alloreactive, CFSE-negative, IL-7Ra+ and IL-7Ra-

cells after 6 days’ MLC using PBMC from healthy
individuals. We labelled the sorted cells with CFSE again and
evaluated the secondary proliferative response by MLC. We
found that in contrast to IL-7Ra+ cells, sorted IL-7Ra- cells
showed a low secondary proliferative response (Fig. 4c).
Figure 4d shows a fair although not significant degree of
relationship between the dsp CD8pf and the percentage of
alloreactive IL-7Ra- CD8+ T cells.

Discussion

In this study we show that the multi-parameter MLC–CFSE-
assay enables the simultaneous assessment of the prolifera-
tive capacity of T cells after allogeneic stimulation together
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with their phenotypic and functional characterization. In
addition, the assay seems promising in detecting differences
before transplantation between patients who are at risk for
experiencing an acute cellular rejection episode from those
who will not. Patients in the rejector group showed a signifi-
cantly higher donor-specific precursor frequency of CD8+ T
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Fig. 4. After allostimulation, the percentage of interleukin (IL)-7Ra+

CD8+ T cells is significantly lower in rejectors compared to

non-rejectors. (a) Representative plots of IL-7Ra expression on

unstimulated cells and alloreactive cells after 6 days’ mixed

lymphocyte culture (MLC) with donor-specific (dsp) stimulation for

CD4+ (left) and CD8+ (right) T cells. (b) Box-plots show the % of

IL-7Ra-positive cells in the CD4+ (left) and CD8+ (right) T cell

compartment. Results from non-rejectors (NR) and rejectors (R) are

shown for unstimulated cells and alloreactive cells after 6 days’ MLC

with donor-specific or third-party cells. The box-plot whiskers depict

10–90 percentile. (c) Histograms of a representative experiment show

the proliferative response of sorted alloreactive IL-7Ra+ (left) and

IL-7Ra- (right) CD8+ T cells after restimulation with the original

stimulator cells. (d) Correlation between % IL-7Ra- cells within
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is shown (n = 43). Correlation was calculated using the Pearson’s test.
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cells and a lower percentage of alloreactive IL-7Ra+ CD8+ T
cells than patients in the non-rejector group.

First, we studied the differentiation of both CD4+ and
CD8+ T cells after allostimulation in vitro. We found that the
alloreactive T cells were activated and more differentiated.
Due to the set-up of our experiment, we could not discern if
alloreactive T cells were already activated and more differen-
tiated before MLC or if they were recruited from the more
undifferentiated cell population.

Next, we analysed whether the multi-parameter MLC–
CFSE assay could discriminate before transplantation
between patients who will experience acute cellular rejection
episodes from those who will not. We hypothesized that
measurement of several steps involved in the cellular alloim-
mune response, like allorecognition, co-stimulation, signal-
ling by cytokines and chemokines, would reveal more
discriminatory parameters than known until now. However,
studying all these parameters, the two groups of patients
could be discriminated based only on a significantly higher
dsp CD8pf, a trend towards higher dsp CD4pf and a lower
percentage of IL-7Ra+ cells within the alloreactive CD8+ T
cells in patients of the rejector group. Apparently, measuring
more parameters of the cellular immune response towards
alloantigens offered minimal additional value.

Our finding of a higher dsp CD8pf in these patients con-
firms data in the literature obtained by limiting the dilution
assay [2,28]. Further analysis revealed that, with a similar
number of HLA-mismatches, rejectors had a higher dsp
CD8pf than non-rejectors. This may be due to a difference in
mismatches that actually cause an immune response, the
so-called permissive HLA-mismatches [29]. Another expla-
nation may be a difference in infectious history or in the
number of blood transfusions and pregnancies. This could
result in a broader repertoire of pathogen-specific T cells
that can cross-react with allogeneic HLA molecules,
so-called heterologous immunity [22,28]. However, compar-
ing the two patient groups regarding alloimmune and infec-
tious history, we found no difference (data not shown).
Remarkably, we did not find a correlation between either
severity of time to rejection and donor-specific CD8 precur-
sor frequency, implying that other factors predominate in
this respect. This could be due to differences in drug metabo-
lism, concomitant with viral infections after transplantation
that went unnoticed or the presence of Tregs that somehow
delays the alloimmune response.

Several groups have shown the IFN-g ELISPOT assay to be
a sensitive assay in predicting cellular alloreactivity pre- and
post-transplantation. We therefore compared the results of
this assay with the results of the MLC–CFSE assay [4,26].
Indeed, the number of IFN-g-producing cells as detected by
ELISPOT was increased significantly in rejectors com-
pared to non-rejectors. In addition, we found a correlation
between the number of IFN-g-producing cells detected by
ELISPOT and the dsp CD8 pf. This indicates that the CD8+

allospecific T cells are the most important IFN-g-producing

cells in the ELISPOT assay. However, in the relatively small
populations studied, there was a great overlap between rejec-
tors and non-rejectors both in the ELISPOT assay and the
MLC–CFSE assay.

Because the difference in precursor frequency between
rejectors and non-rejectors could not be explained by a dif-
ference in number of HLA-mismatches only, we measured
the strength of alloreactive T cell activation by examining the
difference in common-g chain receptor expression after
allostimulation. Importantly, we observed a significantly
lower frequency of IL-7Ra expressing alloreactive CD8+ T
cells after both donor-specific and third-party stimulation in
rejectors compared to non-rejectors. A higher pretransplant
number of alloreactive IL-7Ra- CD8+ cells could cause this
increase in pf. Indeed, we found a fair correlation between
dsp CD8pf and the percentage of alloreactive IL-7Ra- CD8+

T cells. An explanation for the difference in percentage of
IL-7Ra+ CD8+ T cells between the two patient groups may be
a genetic polymorphism that influences the down modula-
tion of IL-7Ra surface expression induced after T cell recep-
tor (TCR) signalling or IL-7 binding [26,30,31]. In line with
this, there are known polymorphisms associated with rejec-
tion after bone marrow transplantation as well as polymor-
phisms associated with increased immune activation playing
a role in multiple sclerosis [32–34].

The finding of a low proliferative recall response to alloan-
tigens of sorted IL-7Ra- CD8+ T cells is consistent with data
from murine and human anti-viral responses [31,35]. These
cells resemble the chronic antigen-addicted memory cells as
described by Wherry et al. [36]. These cells resemble pheno-
typically distinct subsets of anti-viral CD8+ T cells defined by
high perforin expression and low IL-7Ra expression, medi-
ating proliferative or cytotoxic capacity [37]. Recently, in
attempts to prolong allograft survival, the possibility of
targeting alloreactive memory cells via their IL-7Ra was pos-
tulated [38]. Our current data indicate that this approach
would attack only part of the alloreactive memory cells,
leaving unaffected the IL-7Ra- cells which, on the contrary,
seem the most harmful alloreactive memory/effector cells.

In conclusion, using the multi-parameter MLC–CFSE
assay we have shown that allostimulated cells have a highly
activated and differentiated phenotype with increased
expression of chemokine receptors relevant for migration
of T cells into the graft and high expression of effector
molecules. In addition, our analysis of patients before trans-
plantation who are at risk for experiencing an acute cellular
rejection episode, versus those who are not, revealed a higher
dsp CD8pf and lower percentage of alloreactive IL-7Ra+

CD8+ T cells. However, given the retrospective nature
of our present study and the overlap in results of rejectors
compared to non-rejectors, it is not possible to predict
the outcome of the transplantation with respect to the
occurrence of acute rejection on a per-patient basis. Our data
point to quantitative and qualitative differences between T
cells of a group of patients who will experience acute cellular
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rejection episodes and those who will not. The predictive
value of these parameters needs to be established in a large
prospective study.
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