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I SUMMARY

The test article (Citrex 2) was assayed in:
CAT-Tox (L), a stress gene assay using a human liver cell line (HepG2), and 13
mammalian stress gene reporter constructs driving expression of the
chloramphenicol acetyltransferase (CAT) gene.

The test article was soluble in sterile water. Individual stock solutions were made up in
this solvent. Stock solution concentrations are given in section V.

The cell line containing the XHF construct has been removed from the CAT-Tox (L)
assay due to unsatisfactory performance.

In the CAT-Tox (L) Assay, test article Citrex 2 caused a significant reduction in viability
between the top two doses tested (25.0 pg/ml - 50 pg/ml). An LC50 of 35 pg/ml was
interpolated from the assay data.

Test article Citrex 2 showed only marginal levels of activity for one construct, GRP78, a
response associated with protein perturbation. The cytotoxicity seen at higher doses of
test article Citrex 2, is therefore unlikely to be as a consequence of activities detected in
the CAT-Tox (L) assay. Any metabolites formed as a consequence of biotransformation
in the liver were not tested in this study, which was performed in the absence of S9

fraction.

II. INTRODUCTION

The purpose of this study was to assess the gene activity induced by exposure of human
liver cells to test article Citrex 2. One stress gene assay was performed: CAT-Tox (L). A
complete description of this assay is provided upon request, and a brief description can be

found in section I'V.

The assay was performed with concurrent negative controls, and assayed separately with
known positive control exposures. Positive control chemicals for the CAT-Tox (L)
assay are given in section IV. The assays all performed within acceptable limits for both

positive and negative controls.

This report consists of 5 main sections, and 3 appendixes. The main sections cover the
details of test article preparation, methodologies employed in the performance of the
assays, tools employed in data analysis and results and interpretation. The appendixes
provide information on terminology used throughout the report, descriptions and
references on each of the stress genes monitored, and quality control data for the cell lines

used in this study.
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II1. TEST ARTICLE

Test article Citrex 2 arrived in a polypropylene dropper bottle. The bottle was labeled
with a white printed label:

CITREX2
MFG DATE 4/4/97

The test article came as a light brown, viscous liquid, and was stored at room temperature
in the dark.

IV. METHODS

IV.I. CAT-Tox (L) Assay Version 2.0

General Description

The mammalian stress gene assay, CAT-Tox (L), is capable of measuring stress-induced
differential gene expression in the human hepatoma cell line, HepG2. Thirteen different
recombinant human liver cell lines were generated by creating stable transfectants of
different stress promoter-CAT gene fusions (CAT = chloramphenicol acetyltransferase).
The activity of a given promoter is measured simply by the accumulation of CAT protein,
measured using a standard CAT ELISA detection system.

A broad range of promoters responsive to DNA damage, heavy metal ions, protein
denaturants, aromatic hydrocarbons, retinoids, and changes in intracellular cyclic AMP
levels have been included in the assay. In some cases specific response elements are
monitored, permitting fine analysis of stress-regulated gene expression.

The CAT-Tox (L) assay has been designed to use a 96-well microtiter plate
format. This system gives simultaneous dose-response information at five different
concentrations of the test chemical for the 13 recombinant cell lines. CAT-Tox (L)
requires only milligram quantities of compound for dosing and yields results in 24 to 48
hours. The results are displayed either numerically with appropriate statistical treatment
or in histogram form as a XenoMatrix™. The assay also includes the parental HepG2
line for the measurement of cytotoxicity. The CAT-Tox (L) assay can distinguish subtle
differences among closely related compounds, and can indicate molecular mechanisms of

sub-lethal cellular injury.

Assay Procedure
A shortened version of the assay protocol is as follows:
1. The 13 recombinant cell lines and the parental HepG?2 cell line are plated, one row

each, over two 96-well microtiter plates.
2. The cell lines are dosed at five test chemical concentrations and incubated at 37°C, 5

% CO, for 48 hours.
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3. After the exposure incubation period the cells are washed two times and lysed with a
detergent based buffer to release total cellular protein.

4. An aliquot of the total protein is transferred to 96-well microtiter plates containing
Bradford protein dye. Incubation of the protein with the protein dye creates a color
change that can be measured at OD,,. This reading serves as a normalization factor for
total cellular protein from well to well in the assay.

5. The remaining cellular protein is transferred to 96-well plates containing polyclonal
anti-CAT antibodies. A standard sandwich ELISA is performed and in the final step
horseradish peroxidase catalyzes a color change reaction that can be measured at OD,,.

6. The parental HepG2 cell line that was dosed in the same manner as the 14
recombinant lines is used to perform a MTT-based cellular viability assay. The results of
this assay can be monitored at OD;y,.

7. Xenometrix software uses the OD¢,, and OD,,; readings to calculate the transcriptional
fold induction for each recombinant cell line at each test chemical dose. The software
also converts the OD;,, to cellular viability percentages.

Comments
The CAT-Tox (L) assays performed as a part of this service:

e Were performed in triplicate.

e Were performed in the absence of S9.

e Used sterile water as solvent.

e Used quality controlled reagents and cells.

e Incorporated a dose-range finding pre-assay.

e Included a 48 hour exposure period.

e Followed CAT-Tox (L) Version 2.0 guidelines.

IV.I1. Metabolic Activation

The Stress Gene assay performed in this report (CAT-Tox (L)) was done in the absence
of S9 fraction and therefore did not include exogenous metabolic activation.
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IV.I1L. Positive Controls: CAT-Tox (L)

- Promoter=-:. :--* Control Chemicak : ::-|  Concentration:
CYPIAL 3-methylcholanthrine 10 uM
GSTYa 3-methylcholanthrine 10 uM
XRE 3-methylcholanthrine 10 uM

HMTIIA | methyl methanesulphonate 100 pg/ml
FOS methyl methanesulphonate 100 pg/ml
NFxBRE Phorbol myristate acetate 400 ng/ml
HSP70 methyl methanesulphonate 100 pg/ml
CRE methyl methanesulphonate 100 pg/ml
p33RE methyl methanesulphonate 100 pg/ml
RARE all trans retinoic acid 10 uM
GADDI153 | methyl methanesulphonate 100 pg/ml
GADD45 | methyl methanesulphonate 100 pg/ml
GRP78 methyl methanesulphonate 100 pg/ml

For the CAT-Tox (L) Assay utilized in this study, all promoters responded to positive
control exposures within acceptable parameters.

IV.IV. Test Article Preparation

The test article was prepared in sterile water to make a stock solution as listed below.
" The stock solution was prepared immediately before use.

- Stock Comez";

- Tes€EArticle:
Citrex 2

V. DATA ANALYSIS

V.. CAT-Tox (L) Calculations

Activity, =[-ggﬂ}

6001

Where:
Activity, = the activity of cells exposed to test article at concentration n

OD,4sn = the OD,qs (ELISA) value for cells exposed to test article at concentration n
ODygon = the ODg, (total protein) value for cells exposed to test article at concentration 7
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NB: In cases where the ODyy, value is less than 0.05, this value is set to 0.05
In cases where the OD,y,, value is less than 0.10, this value is set to 0.10
In either of these cases, the fold induction at concentration » will be set to 1.0

V.II. Determination of Fold Induction

The fold induction of construct activity compared to the background (zero dose) activity
was determined by dividing the mean construct activity at each dose by that at the zero
dose. Student’s t-tests were used to determine significance (at the a = 0.03 level) for fold
inductions greater than 1.0. The Student’s ¢-test was performed to test the null hypothesis
for every concentration of compound in comparison to the zero-dose control. Because
the samples have different variance, the following formula was used:

where:

%, = the mean activity value for sample 1 (zero dose control)

X, = the mean activity value for sample 2 (concentration X)

S?  =the variance of activity value 1

S} = the variance of activity value 2

n, = the number of activity measurements taken for mean activity value 1
n, = the number of activity measurements taken for mean activity value 2

Since the t-test was used to evaluate means greater than the control value, reference was
made to a table of critical values for the Student’s z-test which records an area of « in the

right hand tail only.
The degrees of freedom value was determined by the smaller of the values »,-1 or 7,-1.

V.III1. Archived Data
Raw data for this study are located in Xenometrix laboratory notebooks as follows:

Notebook User Pages
145/TRL Sally Haugen 72-74
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V1. RESULTS

VI.I. CAT-Tox (L): Citrex 2
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Figure 2.

Molecular Responses: Test Article Citrex 2. LC50

35 pg/ml
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VII. DATA INTERPRETATION
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Data Interpretation
Test Article Citrex 2

Citrex. Inc. Study # CIT-0597aR

CAT-Tox (L) (Table 1, Figures | and 2)

The test article was dosed up to 50 pg/ml in sterile water. No
precipitate was detected at any dose in this range. The dose range
used was 0, 3.13, 6.25, 12.5, 25 and 50 pg/ml.

A reduction in HepG2 cell viability was seen at all concentrations
of test article, with viability reduced to 15 % of control values at
the highest dose. The LC50 (the concentration at which HepG2 cell
viability is reduced to 50% of control values) for test article Citrex
2 was interpolated as 35 pg/ml

Only one construct showed an induction to a statistically
significant (at the o = 0.05 level) level in the assay. The GRP78
construct, responsive to possible protein perturbations, was
marginally induced to 1.3 fold at 50 pg/ml, the highest dose tested.
The induction NOEL (highest dose at which no observable gene
effect was seen) for this test article was 25 pg/ml, with viability
reduced to 73 % of control values at this dose.

The LOEL for gene induction (lowest observable effect level) was

recorded as 50 pg/ml (GRP78).

Page 15 of 26



Appendix 1: Definitions

Citrex, Inc. Study # CIT-0597aR Page 16 of 26



No Observed Effect Level (NOEL)
The highest exposure level at which there is no statistically sxomf cant increase above
background for gene induction. Usually NOELSs are analyzed in relation to cytotoxicity.

Lowest Observed Effect Level (LOEL)
The lowest exposure level at which there is a statistically significant increase above background

in the end point of interest.

In the Stress Gene assay CAT-Tox (L), LOELs are recorded for gene induction, and represent
the exposure level at which any construct in the assay is induced to a level which is statistically
significantly different to its basal activity value (negative control) in that assay.

Lethal Concentration ,,(LC50)
The dose of test article that is estimated to cause 50 % mortality in the exposed population.

In the Stress Gene Assay CAT-Tox (L) , LC50s are recorded based on the results of MTT
viability assays performed concurrent with the assay. LC50s represent those concentrations
which therefore reduce the MTT value to 50 % of that of the negative control. :

Fold induction
The level of gene induction in CAT-Tox (L), expressed as multiples of basal or background
values. Inthe Stress Gene assays, background activity values are normalized and represented as

1.0 if fold induction is utilized.

Basal activity
In the stress gene assays, most (but not all) constructs produce reporter protein in the absence of

any exposure (at the zero dose). This level of activity is referred to as a basal activity. Although
each construct will exhibit a unique basal activity, for a fold induction expression, all basal
activities are normalized to 1.0 (see above).

Statistical significance
Two criteria are imposed on the determination of statistical significance in Xenometrix in vitro

assays:
1. Significance is determined at the o = 0.05 level

2. The assays are performed in triplicate (n = 3) giving 2 degrees of freedom (df).

Using these criteria a Students ¢-test is employed in order to reject or accept the null hypothesis
(H,) that the means compared (e.g. mean fold induction at dose n and mean fold induction at the
zero dose (1.0)) are the same. Using these criteria a t-test value of 2.92 or greater permits
rejection of H, and, at the o = 0.05 level (95 %), a determination of statistically significant

increase (e.g. in fold induction over basal level).
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Appendix 2: Stress Genes
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CAT-Tox (L) Constructs

1. CYPIALl. Cytochrome P450 IAl promoter. The CYPIAl promoter is involved in the
oxidative metabolism of many exogenous chemicals and drugs (Fujii-Kuriyama et al. 1992).
Induction of this gene is controlled by the xenobiotic response (XRE) element (Neuhold et al.
1989). Inducing agents bind to the cytoplasmic Ah (aryl hydrocarbon) receptor which is present
not only in the liver but also in other extrahepatic tissues such as lung, skin and kidney. The Ah
receptor-ligand complex translocates to the nucleus and induces transcription by binding to the
XREs in the CYPIAI gene. This gene responds to polycyclic aromatic hydrocarbons (PAHs)
such as benzo[a]pyrene (B[a]P), 7-ethoxycoumarin, and 3-methylcholanthrene (3-MC). The
CYPIA1 promoter can also respond to other chemicals such as b-naphthoflavone, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), and polychlorinated biphenyls (PCBs).

2. GST Ya. Glutathione S-transferase Ya subunit promoter. The GSTs are a family of enzymes
that add a thiol of reduced glutathione to a variety of electrophiles. GSTs can also directly bind
to other compounds including heme, bilirubin, polycyclic aromatic hydrocarbons (PAHs), and
dexamethasone. The active loci of the GSTs contains two binding sites, one site for glutathione
(G-site), and a substrate binding (H-site) site (Rushmore and Pickett 1993). GST Ya inducible
transcription is controlled by two distinct response elements, the xenobiotic response element
(XRE) and the antioxidant-responsive element (ARE) (Rushmore et al. 1990). The XRE is
identical to and transcriptionally activates GST Ya in a similar fashion as the XRE in the
CYPIAl gene. The ARE can work in an Ah (aryl hydrocarbon) receptor dependent or
independent manner (Rushmore and Pickett 1991). The ARE contributes to induction of GST
Ya mediated by PAHs through interaction with the Ah receptor. The ARE is also activated by
compounds that do not require the Ah receptor. These compounds include the phenolic
antioxidants rert-butylhydroquinone and 3,5-di-tert-butylcatechol.

3. XRE. Xenobiotic response element. Two copies of the XRE from the CYPIA1 gene have
been placed upstream of the minimal thymidine kinase (TK) promoter. The arrangement allows
segregation of multiple responses through the CYPIAL and/or GST Ya promoters to isolate
mechanistic differences. Inducing agents bind to the cytoplasmic Ah (aryl hydrocarbon) receptor
which is present not only in the liver but also in other extra-hepatic tissues (e.g.. lung, skin and
kidney). The Ah receptor-ligand complex translocates to the nucleus and induces transcription
by binding to the XREs in this construct. This promoter fusion responds specifically to
polycyclic aromatic hydrocarbons (PAHs) such as benzo[a]pyrene (B[a]P), 7-ethoxycoumarin,
and 3-methylcholanthrene (3-MC). XRE can also respond to other chemicals such as b-
naphthoflavone, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and polychlorinated biphenyls

(PCBs).

4. HMTIIA. Metallothionein-II, promoter. Metallothioneins (MTs) are a family of low-
molecular weight heavy metal binding proteins. MT-IIA is classically induced by a variety of
heavy metals including cadmium, zinc, copper, and silver (Richards et al. 1984) through the
metal responsive element (MRE). In mammals MT-II, is also induced by glucocorticoids. The
precise functions of MTs are not known but it is hypothesized that they may act as intracellular
storage sites for zinc and as sequestration sites for cadmium (Cherian et al. 1994). MTs do
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mediate resistance to the toxic effects of metals, and they may also play a role in cellular
resistance to alkylating agents and ionizing radiation. The alkylating agents methyl
methanesulfonate (MMS) and ethyl methanesulfonate (EMS), as well as heavy metals. can
transcriptionally induce MT-IIA.

5. FOS. c-fos promoter. c-fos is one of many nuclear proto-oncogenes. It may form an integral
part of the AP-1 transcriptional complex along with the nuclear proto-oncogene, c-jun (Ax;gel
and Karin 1991). The AP-1 complex in turn binds to the TPA (12-O-tetradecanoylphorbol 13-
acetate) response element (TRE). The TRE is present in several genes including collagenase,
MT-IIA, stromelysin, interleukin-2, and c-fos. TPA, a phorbol ester tumor promoter, is a potent
activator of the protein kinase C pathway. Other agents which lead to the activation of protein
kinase C, such as serum and growth factors, can also upregulate these genes through the TRE.
The c-fos promoter is regulated by a variety of response elements including the TRE, serum
response element (SRE), and a cAMP response (CRE) element (Sassone-Corsi et al. 1988). The
c-fos has also been implicated in the mammalian UV response pathway which appears to have an
important role in the response to DNA damaging agents such as methyl methanesulfonate
(MMS) and 4-nitroquinoline N-oxide (4-NQO) (Hollander et al. 1989).

6. NFkBRE. Nuclear factor of k enhancer (B site) response element.. NFkB is a multi-subunit, -
transcription factor that can rapidly activate the expression of genes involved in inflammatory,
immune, and acute phase responses (Baeuerle 1991). The protein is constitutively regulated in B
cells but is inducible in many other tissue types. When exposed to activating agents, NFkB is
released from its inhibitor IkB in the cytoplasm, translocates to the nucleus, and then binds the
NFkB RE present in several different genes. For this construct, one NFkB RE has been placed
upstream of the SV40 minimal promoter. Many different agents can activate the DNA binding
activity of NFKB including viruses, bacterial lipopolysaccharide, protein synthesis inhibitors,
cytokines (TNF-a, TNF-b and interleukin-1), phorbol esters, lectins, and calcium ionophores
(Nelsen et al. 1988). NFkB is also hypothesized to be part of the UV response pathway and can
therefore respond to certain classes of DNA damage agents as well (Angel and Karin 1991).

7. HSP70. 70 kd heat shock protein promoter. Cells react to hyperthermia and other protein-
damaging conditions by increasing the synthesis of a group of stress induced or heat shock
proteins (Hartl et al. 1992). Under physiologic conditions, these proteins play an essential role in
protein-protein interactions. Members of the HSP70 family participate in the folding, assembly,
and translocation of intracellular proteins. HSP70 also binds to proteins unfolded as a
consequence of metabolic or exogenous stress. The inducible activity of the HSP70 gene is
regulated by the heat shock element (HSE) located in the promoter (Hunt and Morimoto 1985)
which binds the cloned heat shock factor (HSF). This element appears to be sufficient for all of
HSP70’s inducible responses. The HSP70 gene can respond to a variety of agents and conditions
which affect protein conformation. These include heat, cadmium, amino acid analogs, reduced
pH. nonionic detergents, urea, and alkylating agents (Mosser et al. 1988).

8. CRE. cyclic adenosine monophosphate (cAMP) response element. There are two major
signaling pathways that utilize cAMP (Borrelli et al. 1992). One involves protein kinase C and
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ultimately controls genes that contain a TRE (12-O-tetradecanoylphorbol 13-acetate response
element). The other involves protein kinase A and alters gene activation through the CRE. Up-
regulation of the cAMP pathway indicates that a compound activates cellular signaling
specifically through protein kinases. Kinases are enzymes that catalyze the transfer of phosphate
groups from ATP, ADP or AMP to a substrate. The fusion construct used in the CAT-Tox Assay
contains two copies of the consensus CRE upstream of the SV40 minimal promoter. Thi‘s
construct responds to any agent that increases the level of cAMP in cells.

9. pS3RE. p33 response element. The p33 wild-type protein is involved in transcriptional
activation of genes that negatively control growth and/or invasion through the p33RE
(Vogelstein and Kinzler 1992). Mutant forms of p33 have been implicated in deregulation of
gene expression in many tumor types. The p53RE construct contains 10 copies of the p53RE
from the GADD45 gene (Zahn et al. 1993) fused to the minimal thymidine kinase promoter. The
p53 response element construct can be upregulated by DNA damaging agents (Kastan et al.
1991). It is hypothesized that this may be due to p53’s role in the inhibition of replicative DNA
synthesis. The p53 response element construct can also be induced by growth arresting agents.

10. RARE. Retinoic acid response element. Retinoids have a broad range of normal biological
activities in growth and differentiation (Allenby et al. 1993). Retinoids have also been
implicated in disturbing fetal development through aberrant gene activation. Retinoic acid
analogs interact differentially with the retinoic acid receptors (a, b, and g) and the retinoid X
receptors (&, b, and g) which can then bind to RAREs in downstream genes (Hoffmann et al.
1990). The RARE construct in the CAT-Tox Assay contains 2 copies of the RARE from the
retinoic acid b receptor fused to the minimal thymidine kinase promoter. This construct responds
to retinoic acid analogs including all-trans-retinoic acid and 9-cis-retinoic acid.

11. GADDI153. 153 kd growth arrest and DNA damage promoter. GADDIS3 is a
CCAAT/enhancer binding protein related gene whose expression is regulated by growth arrest
and DNA damage (Fornace et al. 1989). Although the GADD153 promoter has been cloned, the
specific sequences responsible for the DNA damage response have not been well characterized
(Park et al. 1992). GADDI153 has been shown to respond to a variety of DNA damaging agents
including UV-mimetic, DNA-cross-linking, and alkylating agents (Leuthy and Holbrook 1992).
This response appears to be directly related to altered DNA structure.

12. GADD45. 45 kd growth arrest and DNA damage promoter. The GADD45 gene was cloned
at the same time as GADD153 (Fornace et al. 1989) and these genes were originally thought to
be coordinately regulated. More recently, subtle differences in their regulation have been noted
(Zahn et al. 1993) including the finding that the GADD45 gene contains a p53 response element
in its third intron. The GADD45 promoter has been analyzed and it has been determined that a
large stretch of promoter is necessary for the DNA damage response (Hollander et al. 1993).
GADD45 can be induced by many, if not all, of the same agents as GADD153.

13. GRP78. 78 kd glucose regulated protein promoter. GRP78 is a major endoplasmic
reticulum (ER) protein that functions as a chaperone. It associates with a variety of other
proteins in the ER that are transmembrane targeted and may also be involved in the assembly of
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oligomeric proteins (Wooden et al. 1991). Proteins that are malfolded because of mutagenesis,
under-glycosylation, or other stress conditions in the ER associate with and upregulate the
expression of GRP78. GRP78 appears to be the ER counterpart of HSP70 which resivdes in the
cytoplasm. GRP78 can also be induced by depleted intracellular calcium stores and alkylating

agents.
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CAT-Tox (L) QCTS

Effective Date: 01 Jan 1997

Cell Plate Lot # 970511

Sample Number: N/A Assayer.  AWN/CS

Computer Program Version: CAT-Tox (L) Version 2.0

Cell Line |Neg. Cont. 31.6% Conc. |42.2% Conc. |56.3% Conc. |75% Conc. |100% Conc.|Compound  |Limit Pass/Fail [% Conf.
CYP1AT 1 17.8 22.82 29.77 37.21 48.48 [1.5ug3-MC >3.0 P 60-70
GSTYA 1 14.29 24.02 28.14 26.45 31.29 100ug MMS >2.0 P 60-70
XRE 1 14.28 12.79 15.95 19.03 22.61 0.75 ug 3-MC >10.0 P 60-70
HMTIIA 1 4.61 2.15 7.98 14.7 4917 [1.0ugCaSQ4 | >50 P 60-70
FOS 1 1.78 2.36 5.35 9.97 17.45  |100ug MMS >10.0 P 60-70
NFkBRE 1 11.79 10.65 13.84 18.38 32.35 400 ng PMA >10.0 P 60-70
XHF 1 1 1 1 1 1 NIA N/A P N/IA
HSP70 1 1.46 1.75 3.23 47 8.97 2.5ug CdS04 >2.0 P 60-70
CRE 1 2.18 1.88 4.23 6.25 8.22 150ug MMS >1.0 P 60-70
p53RE 1 1.62 1.41 3.68 10.21 17.46 100ug MMS >3.0 P 60-70
RARE 1 4.36 7.31 6.57 6.56 7.71 20ug RA >3.0 P 60-70
GADD153 1 2.8 2.64 9.89 12.87 19.02  |100ug MMS >5.0 P 60-70
GADDA4S 1 1.23 1.1 3.43 6.9 17.72 150ug MMS >2.0 P 60-70
GRP78 1 1.83 1.79 34 371 5.57 100ug MMS >2.0 P 60-70
Item Manufacturer Stock # Lot#

Cell Culture Medium Xenometrix 1007.001 1001618

5X Protein Dye Xenometrix N/A 49245A5

Cell Wash Solution Xenometrix 1107.001 51N2047

MTT Xenometrix 1210.001 97-6

Elisa Kit Xenometrix N/A 1618M-9

MMS Sigma M-4016 26H3655

CdS04 - |Sigma - C-3266 134H03041

3-MC Sigma M-6501 75H2510

PMA Sigma N/A 36H0816

RA Sigma R-262S 84H0658

Done By: AWN/CS
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