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Gene expression was studied in brains of young adult C57Bl6 male mice selected at random for intraperitoneal injection
with a single or repeated (5 days/week) dose of 35 mg/kg body weight of neurotoxic 1,2-diacetylbenzene (1,2-DAB) or
non-neurotoxic 1,3-diacetylbenzene (1,3-DAB), or an equivalent volume of the common Vehicle (2% acetone in saline).
Mice were terminated by guillotine before (1 day) and after (up to 3 wks) the onset of hind limb weakness and appearance
of motor neuron axonal pathology, which developed in the lumbar spinal cord and roots of animals treated with 1,2-DAB
but not with 1,3-DAB (Fig. 1). Three separate half-brains were used for each treatment group at each time point. PolyA
mRNA from each sample was amplified to produce Cy3- and Cy5-labeled cRNA target molecules that were hybridized
(with dye flips) and analyzed across treatment groups [i.e. 1,2-DAB vs. 1,3-DAB (I), 1,2-DAB vs. Vehicle (II), 1,3-DAB
vs. Vehicle (III)] on Agilent (Palo Alto, CA) 60-mer oligonucleotide Tox arrays (~20K genes). Agilent Feature Extraction
software was used to collect and normalize microarray data prior to their analysis with Rosetta Resolver software (Rosetta
Inpharmatics, Seattle, WA). Log ratios from treatment pairs on each array were combined in a weighted fashion with
the relative weights proportional to the log-ratio errors. Identification of genes unique to neurotoxic 1,2-DAB treatment
followed from selecting genes that showed significant simultaneous differential expression comparing I and II while
excluding genes co-modulated by 1,3-DAB (i.e. omitting genes significant in III). Preliminary analysis shows that
inclusion of 1,3-DAB as a negative isomeric control markedly reduces the number of genes that would otherwise have
been considered selectively associated with the neurotoxic property of 1,2-DAB. Between 24% (1 day) and 38% (3 wks)
of the genes identified in a simple comparison between neurotoxic 1,2-DAB and Vehicle remained significant once the
gene co-modulating effects of non-neurotoxic 1,3-DAB were excluded. These findings demonstrate the value and
importance of using a negative chemical control compound in omics experiments that seek to isolate transcriptional
profiles related to active moieties of agents with toxic or pharmacologic properties. Failure to include such controls may
result in a large amount of non-specific data that cloud and hamper interpretation of the molecular mechanisms of the
chemical activity of interest.

Rosetta Resolver was used for analysis. Log-ratios from the treatment pairs on each array were combined in a weighted
fashion with the relative weights proportional to the log-ratio errors derived from Rosetta’s proprietary error model;
log-ratios that exhibited less variation were given greater emphasis in the final weighted average. P-values for each
gene’s log-ratio were found by comparing the standardized log-ratio (average log-ratio divided by its error) to the
standard normal distribution. Differential expression between a pair of treatments was declared significant based on
three criteria: (1) p-value < 0.01; (2) an absolute fold-change of at least 1.3; and (3) average intensity from the pair
of treatments being compared equal to or greater than 400 units.

Identification of genes associated with the neurotoxic moiety unique to 1,2-DAB followed from selecting genes that
showed significant simultaneous differential expression comparing 1,2-DAB vs Vehicle and 1,2-DAB vs 1,3-DAB
while excluding genes co-modulated by 1,3-DAB (i.e. omitting genes significant in the 1,3-DAB vs Vehicle comparison).
The distribution of all genes classified with respect to significance in pairwise treatment comparisons is given by the
Marquand diagram (Fig. 2). Marquand diagrams convey the same information as Venn diagrams (Fig. 3) but can be
generalized to any number of comparisons. Cell m5 lists the number of genes specific to 1,2-DAB.

This 1,2-DAB-specific profile was analyzed with MetaCoreTM (GeneGo, St. Joseph, MI), a data-mining tool that
predicts affected cellular systems. The simplicity of the 1,2-DAB-specific profile for cytoskeletal protein-encoding
genes (Fig. 4 in which 1,3-DAB co-modulated genes are excluded) contrasts with the complexity of the complete
1,2-DAB profile (Fig. 5) in which genes co-modulated by 1,3-DAB are included.

Genomic profiles were anchored to a morphological phenotype, namely the presence or absence of giant axonal
swellings in the motor root and anterior horn of the lumbar spinal cord.  This neuropathology develops progressively
in mice repeatedly treated with 35 mg/kg/d of neurotoxic 1,2-DAB for 1, 2 or 3 weeks (Fig. 7A-C) and is absent in
mice treated similarly with non-neurotoxic 1,3-DAB for 3 weeks (Fig. 7D).

Figure 1. Nerve fibers remain normal in animals treated with the non-neurotoxic negative control compound 1,3-diacetylbenzene
(upper) in contrast to the proximal giant axonal swellings (A) seen in animals similarly treated with its neurotoxic isomer
1,2-diacetylbenzene (lower).  Animals and humans repeatedly exposed to aromatic γ-diketones (e.g. 1,2-DAB) or their aliphatic cousins,
respectively, develop clinical signs of peripheral neuropathy, including distal, symmetrical extremity weakness.
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ANALYSIS

CONCLUSIONSRESULTS

GENOME-WIDE TRANSCRIPTIONAL PROFILES
1. The conservative transcriptional profile (m5) specifically associated with the 

active moiety of a toxic (or pharmaceutical) agent may comprise only a small
percentage of the agent’s total transcriptome.

2. The preponderance of differentially expressed genes in the tested toxic agent 
(1,2-DAB) is co-modulated by both the active isomer (1,2-DAB) and the inactive
isomer (1,3-DAB) that serves as a negative control.

3. Failure to include a negative control in toxico/pharmacogenomics experiments
may cloud the transcriptome with non-specific data and thus hamper 
interpretation of the specific molecular mechanisms that account for the activity
of the chemical of interest.

PHENOTYPIC ANCHORING

Figure 7.  Cross-sections of lumbar spinal anterior roots and/or anterior horn of mice treated i.p. with a DAB isomer.  A: Early axonal swelling
of myelinated fibers (arrows) in anterior root after 35 mg/kg/d 1,2-DAB for 1 week (Magnification 750X).  B. Advanced axonal swelling
(cf. Fig.1, lower) in anterior root after 35 mg/kg/d 1,2-DAB for 2 weeks (Magnification 700X). C: Axonal swelling (arrow) in the anterior
horn after 35 mg/kg/d 1,2-DAB for 3 weeks (Magnification 510X). D: No anterior horn (or root) pathology after 3 weeks of treatment with
35 mg/kg/d 1,3-DAB (Magnification 510X).  Light micrographs of one-micrometer epoxy sections stained with toluidine blue.

SYSTEMS PATHWAY ANALYSIS

Figure 3. Venn diagram of classes of differentially expressed genes in the brains
of mice treated with neurotoxic 1,2-DAB, non-neurotoxic 1,3-DAB, or common
Vehicle. Sectors describe genes differentially regulated when combinations of
test articles were competitively hybridized on Agilent 20K oligonucleotide tox
arrays. The labeled sectors (m1-m7) are reproduced as boxes in the adjacent
Marquand diagram (Fig. 2).

Figure 2. Marquand diagram of differentially expressed genes in the brains
of mice treated with 1,2-DAB, 1,3-DAB or Vehicle for 1 day (upper set of
figures) or repeatedly 5d/week for 3 weeks (lower set of figures).  Box m5

contains the number of differentially expressed genes specific  to 1,2-DAB.
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Figure 6. MetaCoreTM symbol key.  Courtesy of GeneGo, St. Joseph, MI.

Figure 5. “Muddy” systems profile of cytoskeletal protein-encoding brain genes significantly modulated by 1,2-DAB (i.e. boxes m4-m7  in
Figs 2 and 3).  Mice were treated i.p. daily with 35 mg/kg/d 1,2-DAB 5 days/week for 3 weeks.

Figure 4. “Clean” systems profile of significantly modulated cytoskeletal protein-encoding brain genes exclusive to 1,2-DAB (all co-
modulated genes removed, i.e. box m5 in Figs. 2 and 3). Mice were treated i.p. daily with 35 mg/kg/d 1,2-DAB 5 days/week for 3 weeks.
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