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INTRODUCTION- Project overview

The InnoMed project PredTox, a collaborative effort of 15

pharmaceutical companies, 2 small- and mid-sized enterprises

and 3 universities had the goal to get deeper insight into

molecular mechanisms of kidney and liver toxicity and ideally to
iIdentify mechanism-linked diagnostic or even prognostic safety
biomarker candidates by combining conventional toxicological
parameters and omics data. For this purpose toxicity studies
with 16 different compounds were accomplished with 3 different
dose groups (vehicle, low dose, high dose) and three different

necropsy time points (day 2, day 4 and day 15) using a

harmonized study protocol.
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Among the 16 investigated compounds 3 (BI-3 (7SE), Gentamicin (9SF), IMM125 (13NQO)) showed kidney
proximal tubule damage (PTD) and were used for a mechanistic analysis of this type of nephrotoxicity.
Histopathological anchored cross study and cross omics analysis using transcriptomics microarray, proteomics
2D-DIGE and metabolomics 1H-NMR data were performed. The mechanistic interpretation of kidney PTD-
transcriptomics gene lists revealed - beside the specific deregulation of previously described kidney damage
genes - a number of additional deregulated pathways in accordance with histopathological observations on a
single animal basis. Identification of new specific diagnostic or prognostic biomarker candidates for PTD was
most successful with transcriptomics data as well as by combination of transcriptomics data with proteomics
data.

METHODS-Cross study transcriptomics analysis strategy

Kidney histopathology terms

Histopathology term kidney
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13NO (IMM125)
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Figure: Individual animal kidney-histopathology scores of two histopathology patterns represented in 3 studies: PTD and
IMC (excluded from further analysis). Scores for individual animals are shown, both for left and right kidney.
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RESULTS and CONCLUSIONS-

Mechanistic analysis and ldentification of new nephrotoxicity biomarker candidates

Cross study kidney PTD transcriptomics
analysis results summary

U Summary of main identified deregulated pathways:
 Strong activation of the complement system
« Strong immune and inflammatory response
» Deregulation of “renal injury genes”
» Cytoskeleton and extra cellular matrix genes deregulated
» Apoptosis, necrosis, oxidative stress pathways deregulated

U Specificity of deregulated genes when compared to the other PredTox
studies was in some cases very high (e.g. for some complement system

and cytoskeleton genes)

U All gene groups mentioned above were investigated for early/low dose
effects which resulted in the identification of a number of genes coming

up at early time points and/or lower doses

U Study sponsors of studies with similar gene expression patterns when
compared to the 3 PTD studies (5ME, 8AL, 12SV and 14SC) but without

any histopathological correlate were contacted for further information:
Two of those compounds could be associated with kidney toxicity in

previous studies or as class effect.
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individual animals when compared to the time matched vehicle control group.

Table : Extract from list of genes that were found to be deregulated at earlier time points and /or lower dose. Earlier time points means that the

rw& .

genes were also deregulated either on day 1 or day 3 or on both early time points. However, these genes were not checked for their specificity with
respect to non-kidney-toxicants. The listed genes were only selected as relevant candidates for further analysis when at least two of three
substances showed the same deregulation (-1.5 >FC > 1.5). Furthermore selected genes showed deregulation in at least two animals of selected
time/dose groups of those two studies respectively. Candidate genes identified at earlier time points or lower dose levels with small effects in
histopathology were marked in yellow, candidate genes that showed deregulation in animals with histopathology grade = 0 for PTD and IMC in both
kidneys were marked in bright orange. Arrows indicate if genes are up or downregulated.

Ingenuity pathway “Complement System”. Upregulated
genes are colored in red, Genes colored in grey were not
significantly deregulated, white colored genes were not
measured or not recognized by the Ingenuity software.

Cross study comparison of kidney 2D-DIGE proteomics

analysis results summary

Combination of transcriptomics and proteomics data

CONCLUSIONS

with histopathological observations in the kidneys

PTD studies
Protein name Function 7SE OSE 13NO 2Bl 6JJ
(BI-3) (Gentamicin) (IMM125)
Catalase 2 i 2.04 not detected | 1.6806 not
detected
Glutathione peroxidase 1 1.57 -1.42 not detected 1.7972 not
detected
Kynurenine-oxoglutarate
transaminase 1, mitochondrial S -1.49 -1.46 not detected -1.332 -1.3819
precursor Oxidative
: — : stress
Peptide methionine sulfoxide 154 2133 130 not -1.3454
reductase detected
: : not not
Peroxiredoxin-1 detected - 3.68 -5.37 2.1686 detected
. not not
Protein NDRG1 2.88 2.23 not detected detected | detected
Aflatoxin B1 aldehyde reductase 1.42 . 1.48 not detected 15871 not
member 3 o detected
Detoxification
D-amino-acid oxidase -2.32 -2.65 not detected not -1.5822
detected
. not
Agmat protein (Fragment) -1.86 -1.91 not detected -1.7247 detected
Aminoacylase-1A 1.72 - 1.59 not detected | 1.4851 not
detected
Energy
' idi metabolism
Gllycme aml_dlnotransferase, -1.90 523 200 not not
mitochondrial precursor (AGAT) detected | detected
Phosphoenolpyruvate not . . . not
carboxykinase, cytosolic detected ez Ll 13412 detected

Intersection between mMRNA and protein data of 3 studies with proximal tubule damage (PTD) in the

Overview about the specificity of genes identified by this method:
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kidneys:

U A combination of histopathological assessment and
0 o miteclknologies, has been shown to be a powerful
approach that allows identification of toxicological
damage, a mechanistic understanding of drug induced
pathologies and identification of new molecular safety
biomarkers

U Some of the here identified specifically deregulated
genes/proteins can be considered for further
Investigation as potential pre-clinical biomarkers for
proximal tubule damage

Transcriptomics
(MRNA, Microarray)
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Heatmap of intersection genes between kidney transcriptomics data of studies 7SE, 9SF and 13 NO (PTD-List) and 2D-DIGE data of these 3 studies
compared to the remaining 13 PredTox studies (1RO, 2Bl, 3SE, 4BA, 5ME, 6JJ, 8AL, 10SG, 110R, 12SV, 14SC, 15NN and 16LY) that showed no
nephrotoxicity after 14 days treatment. Red: upregulated expression of individual animals when compared to the time matched vehicle control group,
green: downregulated expression when compared to the time matched vehicle control group. Genes/proteins were selected when at least one of the
3 studies showed protein deregulation
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