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Figure 2. GeneGo Enrichment Analyses. Enrichment analyses were performed on gene lists derived from 1-way ANOVA

comparing responding individuals vs. vehicle controls. The top panels represent GeneGo Toxicity Networks enrichments.

Networks related to DNA damage, apoptosis and cells cycle control predominate for both male and female distributions.

GeneGo Maps illustrate pathways related to apoptosis, cell cycle and amino acid metabolism. Many of the changes relating to

DNA damage are driven by p21, GADD45s, PCNA and MDM2. Matching networks and pathways are circled. The top 10

distributions are represented in descending order based on ïlog(pValue). P = 0.05 threshold.

Table 2. Rat Kidney Tox Panel

The rat is often used in discovery phase drug development to assess pharmacologic

and toxicological parameters prior to human dosing, however, strain and gender

differences may have a profound effect on pharmacology and toxicology studies. The

present study utilized global gene expression profiling to compare male and female Han

Wistar, Sprague Dawley, and Fischer rat strains in a model of cisplatin induced renal

injury. Transcriptomic analysis was performed using the Affymetrix Rat 230 2.0 array on

RNA from whole kidneys harvested from animals 24 hours after IP dosing with 5 or

10mg/kg cisplatin. Pearson Correlation using a list of significantly changed genes from

all experimental groups shows clustering influenced in order by gender, control vs.

cisplatin treatment and strain. Gene ontology enrichments for statistically significant

gene changes indicate effects on cell cycle, DNA damage and apoptosis pathways

related to the pharmacological effects of cisplatin without observable pathology. Strain

and gender transcript differences in response to cisplatin were further characterized by

investigating the effects on transporters, xenobiotic metabolism genes and a panel of

renal toxicity biomarkers. Data for the ATP-binding cassette transporters, ABCB1 and

ABCC2 show higher up-regulation in males vs. females of all strains studied. Genes in

the xenobiotic metabolism ontology show consistent induction in EPHX1 across all

strains in both males and females, while FMO4 is down-regulated in males only. Strain

and gender differences in response to cisplatin were also noted in kidney mRNAs and

urine protein renal toxicity biomarkers. These analyses show variation of markers by

strain and gender. The results of this study underscore the importance of understanding

the differences among common rat strains for the translation of pre-clinical to clinical

outcome.
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Results and Conclusion

ÅPearson correlation of 54 kidney transcript profiles are separated by gender

followed by strain and cisplatin dose.

ÅThere was no observed pathology in kidneys from cisplatin treated animals.

ÅIn the absence of pathology, toxicity endpoint analyses show similar

enrichment profiles for each experimental group related to the mechanism of

cisplatin pharmacology.

ÅMany of the enrichments related to DNA damage in male and females are

driven by up-regulation of p53 targets p21, PCNA and GADD45-alpha and

GADD45-beta. These changes suggest cell cycle arrest and precede

apoptosis.

ÅData in Table 1 Genes in Transporter and Xenobiotic Ontologies show gender

and strain variability for ABCB1 and ABCC2

ÅGenes in the Xenobiotic Metabolism ontology show consistent induction of

epoxide hydrolase.

ÅTable 2 Analytes from the rat renal tox panel show differences in transcript

and urine protein for GSTYb1, alpha GST and Kim1.

ÅKim1 transcript induction was mirrored by >2-fold increase in urine protein

in Han Wistar males and females and Fischer males.

ÅSimilarities in response to cisplatin are based on the enrichments for

pathways involved in DNA damage and apoptosis directly related to known

pharmacology.

ÅDifferences in response to cisplatin are based on the magnitude of gene

induction or repression of transcripts for both stain and gender.
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Abstract

Study Design

This acute dose study consisted of male and female Han Wistar, Sprague Dawley and

Fisher rats dosed IP with 5mg/kg or 10mg/kg cisplatin. Kidneys were harvested 24

hours after a single administration of drug. The whole organ was homogenized for total

RNA isolation then processed for transcriptomic analysis using the Affymetrix Rat 230

2.0 gene expression array. Expression data was filtered base on minimum raw intensity

of 50 units then analyzed using 1-Way ANOVA. Gene lists were generated for each

strain sex combination then analyzed using GeneGoôsMetaCore pathways analysis

tools. Urine protein biomarkers were measured using assays from Meso Scale

Discovery.

Figure 1. Pearson Correlation of Statistically Significant Changed Genes for all

samples. The complete data set consisting of 18 experimental groups was analyzed

by 1-way ANOVA p= 0.01 with a Bonferoni adjustment. This analysis yielded 6564

differentially expressed transcripts. This list was then used in a Pearson Correlation of

54 individual kidney transcript profiles. Individuals cluster by gender, cisplatin

treatment and strain. Note the dosed samples that cluster with the vehicle controls.

Lists generated for pathway analysis only considered responding kidney transcript

profiles vs. vehicle controls.

DNA damage ATM/ATR regulation of G1/S checkpoint Apoptosis Signaling Cascade Fas Signaling

Table 1. Genes in Xenobiotic and Transporter Ontologies

Male Han Wistar Female Han Wistar
5mg/kg 10mg/kg 5mg/kg 10mg/kg

Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Kim1 30.82 7.24 2.48 0.48 27.24 3.14 2.29 0.72 27.78 6.44 2.44 0.79 13.58 4.36 2.47 0.60
Osteopontin 1.40 0.09 1.84 0.88 2.07 0.29 2.97 1.73 1.30 0.10 1.63 0.26 1.44 0.39 0.97 0.73

Lipocalin 2.27 0.04 1.21 0.35 4.87 0.28 6.13 1.94 2.43 0.62 1.46 0.14 2.71 0.50 1.96 1.22
Albumin 1.23 0.49 64.72 85.06 1.41 0.93 3.03 2.61
Clustrin 1.18 0.12 1.77 0.88 1.61 0.21 13.10 16.90 1.33 0.10 1.51 0.52 1.37 0.08 1.45 0.55

Alpha GST 0.94 0.05 1.82 0.30 0.66 0.00 37.82 43.66 1.35 0.10 3.24 1.17 1.01 0.08 16.88 25.51
GSTYb1 1.02 0.12 0.81 0.33 1.04 0.06 22.79 22.46 1.16 0.44 100.41 145.49 0.98 0.14 99.32 156.50

Male Sprague Dawley Female Sprague Dawley
5mg/kg 10mg/kg 5mg/kg 10mg/kg

Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Kim1 24.71 20.90 1.89 0.51 50.84 45.02 1.80 0.87 16.58 3.97 1.93 0.00 9.16 8.61 1.60 0.72
Osteopontin 1.08 0.23 0.97 0.70 1.67 0.76 1.41 0.95 0.99 0.18 3.44 2.17 1.14 0.29 2.56 1.64

Lipocalin 1.42 0.69 3.37 3.23 4.19 2.70 2.42 1.56 1.51 0.73 3.36 2.37 2.48 1.30 9.73 13.31
Albumin 1.91 0.57 276.81 239.77 1.44 0.46 1.31 0.80
Clustrin 1.88 0.65 0.82 0.27 1.72 0.45 4.39 3.34 1.21 0.32 1.58 0.52 1.32 0.12 2.34 0.69

Alpha GST 0.89 0.13 1.51 0.89 0.83 0.27 20.16 16.66 1.57 0.20 1.37 0.77 1.23 0.20 2.85 2.55
GSTYb1 1.34 0.16 1.56 1.02 0.89 0.13 12.00 10.27 1.01 0.01 2.74 1.23 1.15 0.17 4.12 3.28

Male Fischer Female Fischer
5mg/kg 10mg/kg 5mg/kg 10mg/kg

Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein Kidney Transcript Urine Protein
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Kim1 12.78 2.60 4.45 2.57 7.78 1.40 2.49 0.28 5.35 7.49 0.65 0.66 7.31 0.90 0.56 0.26
Osteopontin 1.32 0.16 ND ND 1.98 0.06 ND ND 1.09 0.12 0.25 0.22 1.22 0.20 0.34 0.24

Lipocalin 2.18 0.82 ND ND 3.47 0.21 ND ND 0.92 0.59 0.08 0.14 1.74 1.16 0.00 0.00
Albumin 1.75 1.23 6.15 2.64 0.56 0.53 1.54 0.56
Clustrin 1.10 0.06 2.26 1.38 1.15 0.03 2.81 0.96 1.06 0.09 0.42 0.37 1.15 0.02 0.56 0.32

Alpha GST 0.91 0.02 2.41 1.58 0.62 0.04 7.01 0.80 1.05 0.20 0.98 1.48 1.10 0.09 7.70 6.73
GSTYb1 0.95 0.02 4.64 3.56 0.68 0.07 12.58 1.01 1.06 0.11 ND ND 1.11 0.06 ND ND

Gene Symbol Protein name
M HW       

5mg/kg

M HW 

10mg/kg

M SD 

5mg/kg

M SD 

10mg/kg

M F 

5mg/kg

M F 

10mg/kg

F HW 

5mg/kg

F HW  

10mg/kg

F SD 

5mg/kg

F SD 

10mg/kg

F F 

5mg/kg

F F 

10mg/kg

Abcc2 

(MRP2)

Canalicular multispecific organic 

anion transporter 1
7.24 9.75 4.92 5.02 7.52 12.66 3.89 4.67 3.99 4.13 1.63 11.34

Abcb1b Multidrug resistance protein 1 8.97 5.58 11.74 5.63 10.69 11.95 2.72 2.03 2.51 1.74 1.69 4.89
Nqo1 NAD(P)H dehydrogenase quinone 1 2.50 3.33 3.18 2.91 3.27 4.15 2.74 2.74 2.81 2.62 1.49 4.03

Kynu Kynureninase -1.61 -4.40 -1.56 -2.70 -1.29 -3.32 -1.73 -2.17 -1.35 -1.64 -1.06 -2.33
Slc19a1 Folate transporter 1 1.00 -1.51 -1.12 -1.46 -1.03 -1.34 1.13 1.09 1.16 1.23 1.02 1.46

Slc21a4 Solute carrier organic anion 

transporter family member 1A3
-2.90 -3.12 -2.02 -2.00 -2.15 -2.30 -1.34 -1.63 -1.32 -1.59 -1.05 -1.81

Gstm4 similar to glutathione transferase 

GSTM7-7 1.32 1.09 1.54 1.49 1.76 1.68 1.10 1.51 1.50 1.48 1.23 2.19

Slc15a2 Solute carrier family 15 member 2 -3.79 -5.11 -2.51 -3.15 -4.27 -5.66 -1.90 -1.99 -1.96 -2.00 -1.29 -3.55
Gstp1 Glutathione S-transferase P 1.62 1.42 1.42 1.15 1.74 1.67 2.15 1.55 2.14 1.86 1.31 2.10

Ephx1 Epoxide hydrolase 1 3.43 2.97 2.34 2.27 1.61 1.61 2.47 2.55 2.07 2.59 1.19 2.34

Fmo4 Flavin monooxygenase -1.27 -5.06 -1.19 -3.05 -1.51 -5.82 1.06 -1.37 -1.15 -1.39 1.09 -1.37

Male

p = 0.05

1. DNA damage  GADD45 signaling

2. Cell cycle RAD9 regulation

3. Apoptosis TGF signaling

4. DNA  damage PCNA signaling

5. DNA  damage p53, p73 regulation

6. Cell cycle APC regulation

7. Cell cycle signaling to E2F

8. Signal transduction CDK 1a (p21)

9. Apoptosis MDM2 signaling

10. Apoptosis p53, p73 regulation

Female

5. Cell cycle RAD9 regulation

10. DNA damage  GADD45 signaling

8. Apoptosis MDM2 signaling

9. Apoptosis MAPK9 cascade

7. Apoptosis FasL, TNF alpha signaling

6. Apoptosis MAPK4 cascade

4. Apoptosis TNF alpha,  FasL signaling

3. Apoptosis TNF, FasL, VEGF signaling

2. Proliferation HGF signaling

1. DNA damage p53 targets

1. DNA damage ATM/ATR regulation

2. Signal transduction AKT signaling

3. Leucine, isolucine and valine metabolism

4. Rodent leucine, isolucine and valine metabolism

5. Apoptosis and survival, p53- dependent

6. Transcription AP1 in cellular metabolism

7. O-glycan biosynthesis

8. O-glycan biosynthesis human version

9. Urea cycle

10. ATP/ITP metabolism

Female

1. Role of AP-1 in cellular metabolism

2. Signal transduction AKT signaling

3. Apoptosis and survival FAS signaling cascades

4. Transcription regulation of amino acid metabolism

5. Aminoacyl tRNA biosynthesis in mitochondria 

6. Regulation of apoptosis by mitochondrial proteins

7. Apoptosis caspase cascade

8. Apoptotic TNF family pathways

9. Vitamin K metabolism

10. Thrombopoetin signaling via JAK-STAT


