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Chapter 4

ABSTRACT

Background: The cross-reactivity of Epstein-Barr virus (EBV EBNA3A) specific CD8 T-cells
against allogeneic HLA-B*44:02 has been shown to be dependent on presentation of self-
peptide EEYLQAFTY by the target antigen. Here we report that allogeneic HLA-B*44:02*
proximal tubular epithelial cells (PTECs) and human umbilical vein endothelial cells (HU-
VECs) are poor targets for EBV EBNA3A specific T cells.

Methods: The EEY peptide was exogenously loaded onto HLA-B*44:02 and HLA-B*44:03 ex-
pressing PTECs and HUVECs. EEY peptide loaded, and unloaded, PTECs and HUVECs
were then incubated with serial dilutions of our EBNA3A T-cell clone, in a cytotoxicity assay.
Results: While HLA-B*44:02 expressing PTECs were specifically lysed in proportion to the
effector/target ratio by the EBNA3A T-cell clone, without peptide loading, lysis was greatly
increased by exogenous EEY peptide loading (15% vs. 75%; p<0.0001). HLA-B*44:02 ex-
pressing HUVECs were only lysed when loaded with exogenous EEY peptide (0% vs. 64%;
p<0.0001). Lack of HLA expression and lack of ABCD3 gene expression were excluded as a
cause for these results. PTECs and HUVECs were specifically targeted by another alloreac-
tive T-cell clone without exogenous peptide loading, suggesting that the lack of recognition
of HLA-B*44:02* epithelial and endothelial cells by the EBV EBNA3A T-cell clone was due to
lack of EEYLQAFTY peptide presentation.

Conclusions: Tissue specific (peptide dependent) alloreactivity may have important implica-
tions for transplantation monitoring and rejection.
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INTRODUCTION

Viral infection is associated with solid organ transplant rejection and is a potent barrier to
transplantation tolerance (1-10). It has recently been shown that allo-HLA crossreactivity
from viral specific memory T-cells is far more common than predicted; using EBV trans-
formed B-cells (EBV LCLs) and HLA-transfected target cells (11). This allo-HLA crossre-
activity from viral specific memory T-cells has been shown to be dependent on endogenous
self-peptide presentation by the donor cell (11-13), and therefore alloreactivity could be tissue
cell type specific if the recognized peptide is differentially expressed by target tissues.

Early work suggested that the explanation for the presence of alloreactive memory T-cells in
non-sensitized individuals could be crossreactivity from viral specific memory T-cells against
allo-HLA molecules (14-15). Burrows and colleagues demonstrated the dual specificity of
EBV EBNA3A specific T-cell clones for the immunodominant EBV peptide FLRGRAYGL
presented on HLA-B*08:01 and the alloantigen HLA-B*44:02, to which the individual had
never been exposed (15). The clinical relevance of this finding is reinforced by the fact that
EBV EBNA3A specific CD8 T-cells are capable of specifically lysing HLA-B*44:02* target cells
in cytotoxicity assays (15-16), and that HLA-B44 is an immunogenic mismatch in HLA-B8
kidney recipients (17).

This EBV EBNA3A T-cell allo-HLA-B*44:02 crossreactivity is dependent on presentation of ¢
the EEYLQAFTY self-peptide derived from the ABCD3 gene, via molecular mimicry (12)."
Despite extensive polymorphism between HLA-B*08:01 and HLA-B*44:02, and the dispa-
rate sequences of their bound viral and self-peptides respectively, the HLA-B8/FLR restricted
TCR engages these different peptide/HLA complexes identically.

In our laboratory, various cell lines have been generated for in-vitro testing in kidney trans-
plantation research. Proximal tubular epithelial cells (PTECs) are derived from proximal tu-
bule cells taken from kidney transplant biopsy specimens (18-20), and are a useful model
to examine alloreactivity from graft infiltrating lymphocytes (21-22). Human umbilical vein
endothelial cells (HUVECs) are derived from healthy human post-partum umbilical tissue
(23-25), but are also useful as a model of kidney vascular endothelial cell transplantation
(26). Here we investigate tissue specificity of the crossreactive alloresponse by EBV EBNA3A
specific memory T-cells, using PTECs and HUVECs as a model system for human kidney
transplantation.

We report that in contrast to other allogeneic HLA-B*44:02* cell lines, allogeneic HLA-
B*44:02* PTECs are poor targets for EBV EBNA3A specific CD8 T-cells, and HLA-B*44:02
HUVECs are not targeted at all. We hypothesized that this differential lysis of HLA-B*44:02
expressing PTEC and HUVEC cell lines could be explained by differential tissue presentation
of the EEYLQAFTY self-peptide. Our work with the EBV EBNA3A T-cell clone, presented
here, confirms that (peptide-dependent) tissue specificity of allo-HLA responses from viral
specific memory T-cells may indeed be relevant in the kidney transplantation setting. Essen-
tially, alloreactivity can be tissue specific.
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RESULTS

HLA-B*44:02 expressing epithelial and endothelial cell lines are poor targets for EBV EBNA3A
specific CD8 memory T-cells

We and others have previously shown that EBV EBNA3A specific T-cell clones exert cytolytic
activity against allogeneic HLA-B*44:02* EBV LCLs, PHA Blasts and HLA-B*44:02 trans-
fected K562 cells (SALs) (11, 15-16). We therefore performed cytolytic assays using HLA-
B*44:02* PTEC and HUVEC targets to determine if allo-HLA crossreactivity from viral spe-
cific memory T-cells, as determined by hematological target cells types, corresponds with
solid organ alloreactivity (Figure 1). In contrast to other allogeneic HLA-B*44:02* cell lines,
allogeneic HLA-B*44:02* PTECs are poor targets for EBV EBNA3A specific CD8 T cells (spe-
cific lysis 12%). HLA-B*44:02* expressing HUVECs are not targeted by an EBV EBNA3A
specific T-cell clone (specific lysis 0%).
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Figure 1. HLA-B*44:02 expressing PTECs and HUVEC:s are poor targets for EBV EBNA3A specific
T-cells. In contrast to allogeneic HLA-B*44:02* PHA Blasts, allogeneic HLA-B*44:02* PTECs are poor
targets for EBV EBNA3A specific CD8 T cells in a four hour cytotoxicity assay (specific lysis 12%).
HLA-B*44:02* expressing HUVECs are not targeted by an EBV EBNA3A T-cell clone (specific lysis 0%).
Experiments performed in triplicate, mean values shown with SD. E:T ratio 30:1, targets=5000.
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The lack of recognition of epithelial and endothelial cell lines is not due to lack of HLA-B*44:02
expression

To exclude lack of HLA expression as the cause for these results we performed cytotoxicity
assays before and after IFNy stimulation of the PTEC and HUVEC targets. PTECs demon-
strated higher baseline HLA-B*44:02 expression as compared to HUVECs (data not shown).
IFNy pre-stimulation was associated with increased HLA-B*44:02 surface expression in both
PTECs and HUVECs (data not shown). Regardless, the increased HLA-B*44:02 expression
following IFNy stimulation did not result in increased lysis of the PTEC or HUVEC target
cells (data not shown).

The lack of recognition of HLA-B*44:02 epithelial and endothelial cells is not due to lack of
ABCD3 gene expression

Alloreactivity of the EBV EBNA3A T-cell clone against HLA-B*44:02* cell lines is dependent
on presentation of the EEYLQAFTY peptide derived from the ABCD3 gene (12). To exclude
lack of ABCD3 gene expression in the epithelial and endothelial target cells we performed
qPCR for ABCD3 gene specific mRNA. ABCD3 mRNA was detectable in both PTEC and
HUVEC target cell types (Figure 2). Furthermore, an anti-ABCD3 monoclonal antibody
demonstrated cytoplasmic presence of the protein product (data not shown).
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Figure 2. ABCD3 mRNA expression in PTEC and HUVEC cell lines.

ABCD3 mRNA expression, relative to household gene expression, was measured in HLA-transfected
and non-transfected K562 cells, EBV LCLs, PTECs and HUVECs. ABCD3 mRNA expression in PTECs
and HUVECs was comparable to EBV LCLs. Indicating that the lack of allorecognition of PTECs and
HUVECs by the EBV EBNA3A T-cell clone was not due to absence of expression of the ABCD3 pro-
tein, from which the EEYLQAFTY self-peptide is derived. SAL= Single HLA transfected K562 cell,
EBV=Epstein-Barr virus transformed B-cell.
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The lack of recognition of HLA-B*44:02 expressing epithelial and endothelial cells is likely due to
quantitative lack of EEYLQAFTY peptide presentation on the cell surface

To confirm that the lack of allorecognition of the HLA-B*44:02* epithelial and endothelial
cell lines was due to lack of peptide presentation we performed cytolytic assays using EEY-
LQAFTY peptide loaded and unloaded PTEC and HUVEC targets. HLA-B*44:02 express-
ing PTECs were poorly targeted by an EBV EBNA3A T-cell clone without peptide loading
(specific lysis 15%; P=0.004 vs. HLA-B*44:03 PTEC), and then only at high effector/target
ratio (Figure 3a). The specific lysis of HLA-B*44:02 expressing PTECs was greatly increased
by exogenous EEY peptide loading (15% vs. 75%; P<0.0001) (Figure 3a). HLA-B*44:02 ex-
pressing HUVECs were only targeted by an EBV EBNA3A specific clone when loaded with
exogenous EEY peptide (0% vs. 64%; P<0.0001) (Figure 3b). Furthermore, stimulation of
the EBV EBNA3A specific T-cell clone with HLA-B*44:02* HUVEC:s did not elicit cytokine
production in a 24 hour luminex assay (data not shown). The EBV EBNA3A specific T-cell
clone was able to target EEY peptide loaded HLA-B*44:02 PTECs and HUVECs even without
IFNy pre-stimulation, suggesting that the baseline HLA-B*44:02 expression in these cell lines
is sufficient for CTL targeting if sufficient allopeptide is presented. HLA-B*44:03 PTECs and
HUVECs were not targeted irrespective of peptide loading, as predicted (12). Thus organ
(kidney) specificity of the allo-HLA crossreactivity from the EBV EBNA3A specific T-cell is
dependent on endogenous self-peptide (EEY) processing and presentation.
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Figure 3. The lack of recognition of HLA-B*44:02* PTECs and HUVEC: is likely due to lack of
EEYLQAFTY peptide presentation on the cell surface. (a) HLA-B*44:02* PTECs were poorly targeted
by the EBV EBNA3A specific T-cell clone (specific lysis 15%; **P=0.004 vs. HLA-B*44:03 PTEC). The
specific lysis of HLA-B*44:02* PTECs was greatly increased by exogenous EEY peptide loading (specific
lysis 15% vs. 75%; ***P<0.0001). (b) HLA-B*44:02* HUVECs were only targeted by an EBV EBNA3A
specific T-cell clone when loaded with exogenous EEY peptide (specific lysis 0% vs. 64%; ***P<0.0001).
The EBV EBNA3A T-cell clone did not recognize HLA-B*44:03* PTECs or HUVEC:s irrespective of
peptide loading. Experiments shown here were performed without IFNy pre-stimulation further dem-
onstrating that the baseline HLA-B*44:02 expression is sufficient to elicit cytotoxicity if the EEY peptide
is present. Experiments performed in triplicate, mean values shown with SD. Targets=5000.
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Cognate antigen recognition and allorecognition increase in proportion to the concentration of
exogenously added viral or allo-peptide

To determine the concentration of specific peptide required to elicit cytolytic effector function
by the EBV EBNA3A specific T-cells, FLR or EEY peptide were loaded onto HLA-B*08:01*
or HLA-B*44:02" target cells respectively, in a peptide dose-response experiment (Figure 4).
Cognate viral antigen recognition and allorecognition increase in proportion to the concen-
tration of exogenously added cognate or allo-peptide (Figure 4). Equivalent concentrations of
the FLR cognate peptide on HLA-B*08:01* target cells and EEY allopeptide on HLA-B*44:02*
target cells was required to elicit cytolytic effector function by the EBV EBNA3A specific
T-cells. For both cognate and allo-peptides 50% of the maximum specific lysis occurred be-
tween 10pg/ml and 50pg/ml of exogenously added peptide.
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Figure 4. Cognate antigen recognition and allorecognition increase in proportion to the concentra-
tion of exogenously added viral or allo-peptide. To determine the concentration of specific peptide
required to elicit cytolytic effector function by the EBV EBNA3A specific T-cells, FLR or EEY peptide
was loaded onto HLA-B*08:01" or HLA-B*¥44:02* target cells respectively, in a peptide dose-response
experiment. Cytolytic effector function of the EBV EBNA3A specific T-cells increases in proportion
to exogenously added peptide concentration for both the cognate viral peptide and the allopeptide.
Equivalent concentrations of the FLR cognate peptide on HLA-B*08:01" target cells and EEY allopep-
tide on HLA-B*44:02 target cells is required to elicit cytolytic effector function by the EBV EBNA3A
specific T-cells. Assays performed with a HLA-B*08:01* and two different HLA-B¥44:02* PTEC and
HUVEC target cells. Experiments performed in triplicate, mean values shown with SD. Effector:target
ratio 20:1, targets=5000.
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Epithelial and endothelial cells are not resistant to lysis by CTL clones

Finally, to exclude the possibility that the EEYLQAFTY peptide is presented on the target
HLA molecule but the cells are not targeted due to lytic resistance or CTL suppression we
performed cytolytic assays using the EBV EBNA3A clone and a HLA-A?2 alloreactive T-cell
clone (JS132) in parallel. The JS132 clone specifically lysed HLA-A2* B*44:02* heterozygote
PTECs and HUVECs, without any exogenous peptide addition (Figure 5). The EBV EBNA3A
CD8 T-cell clone was unable to efficiently target the identical epithelial or endothelial cell
lines without exogenous addition of EEYLQAFTY peptide (Figure 5). Thus, the epithelial and
endothelial cells can be suitable targets for CTL clones without addition of exogenous peptide.

223 JS132 (A2 Alloreactive Clone)
_EZZ3EBV EBNAB3A Specific Clone

% Specific Lysis

e ]

F F F & &

L & & & I

RPN AR RPN
& & & &

A2- B*44:02+ A2+ B*44:02+
PTEC Target PTEC Target

EE3JS132 (A2 Alloreactive Clone)
EZ=3 EBV EBNA3A Specific Clone

"]

% Specific Lysis
8
L

e e
B

201 = e
10+ -] o
0 = &

S ¢ & & &
& &L &L & &
) Q_Q +Q \;0‘2 éQ d_Q
<~ & < &

A2-B*08:01+ A2+ B*44:02+
HUVEC Target HUVEC Target

Figure 5.
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Figure 5. PTECs and HUVECs are suitable targets for CTL mediated killing without exogenous
peptide addition. The JS132 HLA-A?2 alloreactive T-cell clone specifically lysed HLA-A*02* B*44:02*
heterozygous PTECs and HUVEC:s irrespective of exogenous peptide loading (specific lysis >85%). The
EBV EBNA3A CD8 T-cell clone was unable to efficiently target the identical epithelial or endothelial cell
lines without exogenous addition of EEYLQAFTY peptide. Furthermore, the EBV EBNA3A clone lysed
both HLA-B*08:01* and HLA-B*44:02* epithelial and endothelial cell lines when loaded with FLR pep-
tide or EEY peptide respectively, but not RAK (HLA-B*08:01 control) nor EEK (HLA-B*44:02 control)
peptides; confirming that the viral specificity and alloreactivity are peptide dependent and mediated
by the same T-cell. Thus, it is highly likely that the lack of recognition of HLA-B*44:02" epithelial and
endothelial cells is due to a quantitative lack of EEY peptide presentation. Experiments performed in
triplicate, mean values shown with SD. Effector:target ratio 30:1, targets=5000.

DISCUSSION

In this report we demonstrate that allo-HLA crossreactivity by viral specific memory T-cells
can be tissue cell-type specific because of differential tissue specific self-peptide presentation.
We have confirmed that not only is the HLA-B*44:02 alloreactivity from the EBV EBNA3A
specific T-cell clone self-peptide dependent but that normal allogeneic kidney cells may not
be targeted unless sufficient EEY self-peptide is processed and presented. Alloreactivity is
mediated by cytotoxicity, when the peptide is presented, indicating the potential clinical rel-
evance of cross-reactive alloresponses against cell types present in kidney transplant tissue.

Our results do not suggest that allo-HLA crossreactivity from the EBV EBNA3A T-cell is
irrelevant to kidney transplantation. The EBV EBNA3A specific T-cell does have cytolytic
activity against HLA-B*44:02* kidney epithelial cells in a 4 hour assay. Memory T-cells persist
and therefore could perform effector functions over a prolonged period, or at times when
immunosuppression is tapered (2). Furthermore T-cells mediate effector functions through
a variety of mechanisms, including cytokine production, not just cytotoxicity (27). The EBV
EBNA3A specific immune response is a public TCR response present in all HLA-B8* B44" in-
dividuals (28) and HLA-B44 mismatching has been identified as high risk in HLA-B8 kidney
recipients (17).

However results presented here suggest it is unlikely that EBV EBNA3A specific T-cells ex-
hibit effector functions against HLA-B*44:02* endothelial cells present in solid organ tissue.
Conversely, a viral specific T-cell that targets a kidney cell specific peptide presented on an
allogeneic HLA molecule may not recognize PBMCs or spleen cells from the same allogeneic
donor.

In light of our findings it is worth considering some of the possible mechanisms by which
organ specific alloreactivity could occur. Quantitative differences in HLA expression could
explain organ specific alloreactivity, but has been excluded in the present study. Differences in
co-stimulation and accessory molecule expression are also feasible but there is little evidence
for this as memory CD8 T-cells have reduced requirements for co-stimulation and do not
require CD4 T-cell help (29-30). Furthermore, the EBV EBNA3A clone used here is clearly
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capable of targeting HLA-B*44:02 transfected K562 cells which have absent co-stimulatory
molecules (16).

Tissue specific expression of a protein that is the source of the self-peptide recognized on the
allo-HLA molecule would be extremely likely to result in organ specific alloreactivity. For ex-
ample, a peptide derived from a renal specific ion transporter will only be presented on renal
tubular cells. Furthermore, alloreactivity might only be induced when the gene expression is
up regulated.

Results presented here are of particular interest because we have demonstrated expression of
the ABCD3 protein product in the target epithelial and endothelial cells. The HLA-B*44:02*
PTECs were targeted albeit to a lower level of lysis (15%), therefore there must be naturally
some EEY peptide presented on the cell surface but not enough to trigger a high percentage
of specific lysis. The HLA-B*44:02* HUVECs are not targeted and therefore it is likely that
insufficient EEY peptide is presented on the surface.

Differences in antigen processing and presentation could account for tissue specific allore-
activity, even if similar levels of the ABCD3 gene product are expressed within the epithelial
and endothelial cells. For example, EBV LCLs, PHA Blasts and K562 cells constitutively ex-
press the immunoproteosome which may generate novel antigenic peptides. Furthermore,
the study of Macdonald defines the EEYLQAFTY peptide as an antigenic target of the EBV
EBNA3A T-cell presented via allogeneic HLA-B*44:02 (12), however this study does not ex-
clude the possibility that several different peptides presented on HLA-B*44:02 are capable of
activating the EBV EBNA3A specific T-cell. Theoretically, these additional peptides may not
be presented by epithelial or endothelial cell types.

Alternatively, differences in expression of a protein that contains a peptide capable of compet-
ing with an antigenic peptide for the peptide-binding groove of the allogeneic molecule could
also cause organ specific alloreactivity, as also suggested by others (31). A tissue specific com-
peting peptide may reduce the amount of the target self-peptide/allo-HLA complex available
for recognition by the alloreactive CTL.

HLA-B*44:02 is a highly tapasin-dependent HLA molecule (32-33) and therefore limited
tapasin expression in PTECs and/or HUVECs could decrease EEY peptide presentation in
these cell lines. However tapasin mRNA is strongly induced in endothelial cells following
IFNy treatment (34), and IFNy treatment did not increase the targeting of HUVECs in our
assays despite inducing elevated HLA-B44 expression. The HLA-B*44:05 molecule is also a
target of the EBV EBNA3A T-cell (12) and can load peptides independently of tapasin, unfor-
tunately no HLA-B*44:05 expressing PTECs or HUVEC:s are available.

Our assays using the JS132 clone exclude the possibility that the EEY peptide is presented
but that epithelial and/or endothelial cells are resistant to lysis or are tolerogenic. The HLA-
A2 alloreactive JS132 clone was generated by stimulating PBMCs with HLA-A2 mismatched
irradiated EBV LCLs in-vitro. The JS132 allo-A2 reactivity is likely peptide dependent and
therefore we conclude that the antigenic peptide recognized in the context of HLA-A2 is con-
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stitutively presented by the epithelial and endothelial cell lines.

The ultimate proof that our results are attributable to lower/absent EEYLQAFTY peptide
presentation could be provided by peptide elution studies. However elution of peptides from
HLA-B*44:02* PTECs and HUVEC: is not feasible due to the large number of cells required
for peptide elution and mass spectrometry analysis. Nonetheless, we favour the conclusion
that the differential allorecognition of HLA-B*44:02* PTECs and HUVECs by the EBV EB-
NA3A specific T-cell clone is the result of differential quantitative presentation of the EEY-
LQAFTY self-peptide by the target cells.

The finding of organ specific allorecognition is extensively described in mice (31, 35-38). For
example, priming of mice with normal allogeneic spleen cells generated peptide-dependent
Kb-specific alloreactive CTL clones that exhibited cell-type specific allorecognition (31). Hu-
man tissue specific alloreactivity has been suggested by studies using graft-infiltrating lym-
phocytes obtained from renal allografts undergoing rejection (21, 39-43). Graft infiltrating
lymphocytes were shown to exhibit T cell functional activity against PTEC grown from the
corresponding biopsy, but not donor derived splenocytes nor PTEC from biopsies obtained
from other patients. For example, van der Woude and colleagues found that thirteen out of
forty (33%) of graft infiltrating cell lines reacted in a donor-specific fashion to PTEC but not
to donor splenocytes (41).

Results presented here may have important clinical implications for renal transplantation:
monitoring, rejection and tolerance. Monitoring of alloreactive T-cells may allow individu-
alization of immunosuppression (44), but such assays routinely use donor PBMCS or spleen -
cells as stimulator. Allo-HLA crossreactivity by viral specific memory T-cells as defined
against hematological target cell types will not correspond with solid organ alloreactivity un-
less the targeted self-peptide is ubiquitously and equally presented. If alloreactive CTL rec-
ognize allo-HLA presenting a specific peptide then it is possible that competitive peptides
could be designed to inhibit allorecognition, as has also been suggested by others (31, 45). We
have confirmed that the absence of a single tissue specific self-peptide is enough to abrogate
alloreactivity. Also, long term immunosuppressive free graft survival is the ultimate aim of
much transplantation research, but our work suggests induction of tolerance by using pre-
transplant blood transfusion may not delete organ specific CTLs.

Finally, we acknowledge that this study uses umbilical vein endothelial cells as a model for
kidney vascular endothelial cell transplantation, however, gene expression and/or functional
differences have not been reported between kidney and umbilical endothelial cells. Others
have also found that donor-derived gonadal vein endothelial cells can be specifically targeted
by graft infiltrating alloreactive T-cells (39).

In conclusion, we show that the EBV EBNA3A T-cell exhibits tissue cell type specific alloreac-
tivity because of quantitative differences in presentation of the recognized self-peptide. Tissue
specific allorecognition may have important clinical consequences, especially for monitoring,
rejection and tolerance induction of solid organ grafts. Future work should determine if tissue
specific allorecognition is a common characteristic of human alloreactive CTL.
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MATERIALS AND METHODS

Generation of EBV EBNA3A viral specific CD8 memory T-cell clone

The generation and allo-HLA-B*44:02 crossreactivity of the EBV EBNA3A CD8 memory T-
cell clone used here has been previously described (16). Briefly, EBV EBNA3A specific CD8
T-cell clones (HLA-B8/FLRGRAYGL restricted) were derived from a healthy donor with
HLA typing HLA-A*01:01,02:01; B*08:01,-; DRB1*03:01,-; using single cell sorting based on
viral peptide/tetramer complex staining. Clonality of the T-cell clone was confirmed using
RT-PCR to determine TCR AV and BV usage (16).

Generation of JS132 clone

The generation and the allo-HLA-A2 alloreactivity of the JS132 CD8 T-cell clone have been
previously described (46-47). Briefly, PBMCs from healthy donor JS (HLA-A3,3; B7,7; DR2,2;
DQ1,1) were stimulated with irradiated EBV transformed B-cell line JY (HLA-A2,2; B7,7;
DR4,6). Following several rounds of stimulation and enrichment the HLA-A2 alloreactive
population was cloned by limiting dilution at 0.5 cell/well.

Generation and culture of PTECs and HUVECs

Generation of PTECs (18-19) and HUVECs (23-24) has been previously described. PTECs
were cultured from cortical tissue of human kidneys not suitable for transplantation because
of anatomical reasons or from pretransplant biopsies, and HUVECs from umbilical vein of
human umbilical cord. Morphologic appearance and immunofluorescence staining con-
firmed specific outgrowth of PTECs and HUVECs.

HLA typing and FACS staining for HLA expression of epithelial and endothelial cells

Molecular typing for class I and class II was performed in the tissue typing laboratory Lei-
den University Medical Centre, the Netherlands. The relative amount of HLA surface ex-
pression was determined using human monoclonal antibodies specific for the HLA molecule
expressed. Epithelial and endothelial cell lines were treated with trypsin, harvested and then
washed two times. Cells were incubated with the human HLA specific monoclonal antibody
for 30 minutes and then washed twice. Cells were then labeled with a rabbit-anti-human-
FITC secondary detection antibody for a further 30 minutes and then washed three times.
HLA expression was determined before and after IFNy treatment, 500 units/ml for 24 hours.

ABCD3 gene expression in PTEC and HUVEC cell lines

For detection of ABCD3 mRNA expression cells were harvested and preserved in RNAlater
solution (Qiagen, Chatsworth, CA, USA). RNA was extracted using the RNeasy mini kit (Qia-
gen) following the manufacturers instructions. RNA was treated with DNase (Qiagen) on the
spin columns. RNA quantity was assessed with a spectrophotometer (Nanodrop technolo-
gies, Wilmington, DE, USA) and all samples showed A260/A280 ratios between 1.9 and 2.1.
Quantitative PCR was performed as per standard protocols. The forward and reverse primer
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sequences used in the quantitative PCR for ABCD3 mRNA were CCTGGTGCTGGAGA-
AATCAT and CCCCAGATCGAACTTCAAAA respectively, giving an amplicon of 118 bp.
The PCR was performed using an iCycler MyiQ (Bio-Rad). The PCR program was finalized
with a melting curve analysis. The signal of the stably expressed household genes B-actin and
GAPDH served as normalization factors.

Cytotoxicity Assays

The EBV EBNA-3A specific T-cell clone and/or the JS132 CD8 T-cell clone were evaluated
for cytotoxicity by incubating 5000 PTEC or HUVEC target cells with serial dilutions of the
T-cell clone(s) for 4 hours in *'Cr release assays. HLA-B*44:02* target cells were loaded with
either the EEYLQAFTY allopeptide or EEKLIVVLEF control peptide, or no peptide. HLA-
B*08:01" target cells were loaded with either FLRGRAYGL cognate peptide or RAKFKQLL
control peptide, or no peptide. In the peptide dose-response assays HLA-B*08:01* target
cells or HLA-B*44:02* target cells were incubated with different concentrations of the FL-
RGRAYGL cognate peptide or the EEYLQAFTY allopeptide respectively, for one hour and
then washed twice. The peptide-dose response assays were performed with an effector:target
ratio of 20:1 only. Target cells were incubated with chromium for 60 minutes. Supernatants
were harvested for gamma counting: percent specific lysis= (experimental release-spontaneous
release)/(Max release-spontaneous release) x 100%. Results are expressed as the mean of tripli-
cate samples, with standard deviation.

Statistics

Values for specific lysis are presented as the mean of triplicate wells, with standard deviation.
Comparative analyses are non-parametric (unpaired) t-tests, p<0.05 is considered to be sig-
nificant. Statistics are derived using Graph Pad Prism 4 for Windows (Version 4.02, 2004).
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