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Mrs and Mr Chairman, ladies and gentlemen my topic is molecular predictors of the kidney
graft outcome.
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We all know that despite the dramatic improvements during the first year, the long-term
kidney graft survival is similar to during the last several decades. We are still faced with
several problems that have resulted in the end stage kidney failure of our grafts.
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One of those problems that is the main problem is the rejection of kidney allograft.
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We have two types of rejection: T-cell mediated rejection and antibody mediated rejection and
both are really influencing the kidney graft survival.
Using molecular assessment of the histological specimens we can add more information to the
existing body of knowledge. Molecular assessment of biopsies represents a new dimension in
our understanding of disease phenotypes and this assessment may provide more mechanistic
insights and may represent potential for diagnostic tests and new targets for drug discovery in
the future.
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In 2003 a mini survey published in the New England of Medicine, a nice paper about a
molecular heterogeneity of acute renal allograft rejection,
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Professor Sarwal used the micro RNA techniques to analyse the clusters of genes that were
expressed in her biopsy specimens, and she was able to discover several clusters. Looking at
this heat map you show these clusters are related to the histology. So cluster A was the red
one and it was acute rejection the mild one. The orange cluster here shows the moderate
rejection and the most severe rejection was the lower expression profile in this cluster, in this
violet cluster here on the right hand side.
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Later on Phil Halloran’s group in Alberta, Canada continued with this research and in several
works they were able to prove that there are some molecular classifiers for predicting the
future of the graft loss. But they used the late kidney graft biopsies from several North
American centres.
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They were able to find several specific gene expression profiles that they termed as a
molecular risk score and this molecular risk score that is some of several gene expressions
were able to predict the future graft loss from those late biopsies and the predictive value of
this molecular risk score was similar to proteinuria.
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So Phil Halloran suggests that there are several molecular phenotypes of renal transplant. The
first phenotype is related to specific disease, is related top T cell mediated rejection, or to
antibody mediated rejection.
The second phenotype may more represent the active injury repair response with secondary
inflammation that frequently occurs early on after kidney transplantation and we know it as so-

called borderline changes without alloimmune activation.
The third phenotype was the cumulative burden of injury that was related with secondary
inflammation that we can see later on after transplantation when we analysed the histologic
classified as an interstitial fibrosis or tubular atrophy with the concurrent inflammation and
that usually it is just the end stage process of several diseases that occur previously.
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All of those techniques and these results that I’ve already discussed are based on results from
microarray techniques. These microarray techniques are cost-effective in screening tens of
thousands of genes. They need highly skilled personnel and they have lower sensitivity.
Real time PCR techniques on the other hand are cost effective for the testing of few genes and
what is really the advantage of this technique is that it might be used in a routine way in the
clinic and it has also higher sensitivity compared to microarray techniques.
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Using these techniques, using RT-PCR expression profile of several genes we analysed gene
expression of genes that were upregulated or down regulated during the acute rejection of
renal allograft during the first 3 weeks.
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We were able to distinguish between expression of several genes between antibody-mediated
rejection and T-cell mediated rejection. But for example RANTES the chemokine involved in the
T-cell activation attraction was lower expressed in antibody-mediated rejection compared to Tcell mediated rejection and it was similar for CD20 that’s a marker for B cells that the
expression of this marker in biopsies was lower, surprisingly lower in the antibody-mediated
rejection compared to T-cell mediated rejection.
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Whenever you look at the predictive value of the amount of expression, we surprisingly found
that the lower expression of TGF β, of RANTES, CD 20 and FOXP3 were associated with a poor
prognosis in antibody mediated rejection. Those who had the low expression profiles were not
responding to the therapy and some of them or most of them lost their kidney graft function in
the follow-up.
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When we performed a multivariate analysis, we also confirmed these data not only for
antibody-mediated rejection but also for T-cell mediated rejection and the lower expression
profiles of CD20 also the T-cell mediated rejection were associated with 10 times higher risk
for the graft loss and similar data was seen for the antibody-mediated rejection.
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The next step in our research was the oligoarray, not the microarray but the oligoarray
analysis. This is the RT-PCR of the micro fluid – more than 300 genes related with
inflammation, tolerance, chemotaxis and TGFβ pathway.
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The question was if we can distinguish between the acute cellular and humoral rejection so we
analysed the early biopsies that were performed you see here the second week after
transplantation
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and again we were able to prove that this is the heat map. The green means the lower
expression, the red means the higher expression of genes and you see that the antibodymediated rejection grafts had lower expression profile of cellular inflammatory genes compared
to the T-cell mediated rejection.
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When we compared in the larger experiments but also with the chronic rejection, the chronic
T-cell mediated rejection, in chronic antibody-mediated rejection and compared it with acute
rejections again acute early antibody mediated rejection was characterised by really lower
expression profiles of several genes. You can see here it’s easy to see.
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So another question was if there are different transcripts in acute and subclinical rejections
and chronic rejections we know that that there is a lot of frequent findings, about 10% in our
protocol biopsies that we perform at 3 months and we do not know what’s really the fate of
these grafts and if we really need to treat them or not and most of us of course treat the
subclinical rejection. But the question is, what’s the expression pattern of several genes in
those rejections?
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So we again analysed a similar panel of genes of these biopsies and we were able to prove and
Mariana Urbanova showed it yesterday that clinical rejection was characterised by higher

extent of the expression of several genes as these chemokines or these proinflammatory genes
like IL12 or lymphotoxin.
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You can see that the green circles are subclinical rejection and the red ones are clinical
rejection and it was significantly lower expressed during the subclinical rejection.
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When we look at the heat map, you see that the acute subclinical rejection that means from
the clinical case biopsy, the acute rejection had higher expression but normal findings and
subclinical rejections were similar.
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Some of those grafts also progressed during the follow-up and you see that in the second year
we identified 4 patients out of 10 in the subclinical rejection group who had a serum creatinine
relatively high and similarly with patients who were treated for clinical rejection again and the
second year higher creatinine. So these were the progressors.
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When we looked to see if there were differences between the progressors and the nonprogressors both arms we were able to find out of these 300 genes 5 that were completely
differently regulated during the rejection process, so that means not after the rejection but
before the rejection. You see that lower expressions of those genes was observed in the

progressors compared to non-progressors. One may expect different results but it was down
regulated and it was similar to the data I showed you in our first experiment.
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When we performed the multivariate logistic regression analysis, we showed that prostaglandin
E2 receptor was significantly predictive for the failure. It means the lower expression of these
receptors was associated with higher alloimmune response and graft loss.
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This was also proven in ROC analysis, you see there was a highly significant area under the
curve that was 87%.
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But there are also other tools to how we can evaluate the transcription patterns of several
genes. Molecular patterns of several genes not only form the biopsies but also from the
samples obtained from blood or urine.
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I will not speak too much about blood but I just would like to check your concepts about a nice
study that was published last year in the Journal of Clinical Investigation. This is the –
tolerance network results and Robert Lechler’s group described the behaviour of the immune
system by several techniques in the cohort of patients who were off immunosuppression for
several years

Slide 29

and this group clearly showed that in the peripheral blood there are several genes that are
completely differently regulated compared to patients who were treated with
immunosuppression and who had stable grafts or they had chronic rejection.
So these were so-called tolerance genes and most of these tolerant genes were associated
somewhat with the B cell signalling pathways.
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Suthanthiran’s group from New York also evaluated the urine that is very easy to obtain but
it’s very tricky to get good results with an mRNA. And this group very early in 2001 showed

that perforin and granzyme B expression in the urine was associated with acute rejection
compared to other findings like chronic glomerulopathy or stable graft function.
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Using the ROC analysis they also showed that these data have predictive value both for
granzyme and perforin.
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This group continued their research and they published in 2005 a paper about the FOXP3 in
the urine with regards to the outcome.
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FOXP3 is a transcription factor for regulatory T cells so it’s involved in the tolerance and a long
acceptance of the graft theoretically. Again lower expression of FOXP3 in the urine was
associated with a non-responsiveness to the therapy of the rejection. So the patients that were
reversible, acute rejection had higher expression while patients who did not respond to the
therapy had lower expression of FOXP3 in the urine. Again ROC analysis you see significant
association.
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Then in the same work authors analysed the risk for the graft failure
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and they again showed that the lowest expression of the FOXP3 in the urine was associated
with a 6 times higher risk for the subsequent graft loss within half a year compared to those
who had the higher expression of FOXP3.
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So let me conclude. Lower transcript of several genes associated with inflammation was found
in early acute mediated rejection in our research. Subclinical rejection at 3 months was
characterized by similar transcripts than in normal histology. Lower transcripts of specific
genes in cellular and humoral rejection in the tissue or urine are associated with a poor
response to the therapy and of course, these data may help us in the future to more adapt our
immunosuppression but this might be very – in the prospective trial. This is really the pilot trial
that I presented today.
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Let me conclude also with my co-workers in IKEM and also in Germany, thank you.

