
US 20030027127A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0027127 A1 

Farr et al. (43) Pub. Date: Feb. 6, 2003 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

METHODS AND DIAGNOSTIC KITS 
UTILIZING MAMMALIAN STRESS 
PROMOTERS TO DETERMINE TOXICITY 
OF A COMPOUND 

Inventors: Spencer B. Farr, Longmont, CO (US); 
Marque D. Todd, Westminster, CO 
(US) 

Correspondence Address: 
FISH & NEAVE 
1251 AVENUE OF THE AMERICAS 
50TH FLOOR 
NEW YORK, NY 10020-1105 (US) 

Assignee: President and Fellows of Harvard Col 
lege and Xenometrix, Inc. 

Appl. No.: 09/950,442 

Filed: Sep. 10, 2001 

Related US. Application Data 

Continuation of application No. 09/074,938, ?led on 
May 8, 1998, noW abandoned, Which is a division of 
application No. 08/374,641, ?led on Jul. 21, 1995, 
noW patented, ?led as 371 of international application 

Fold 
lnclucllon 

No. PCT/US94/00583, ?led on Jan. 21, 1994, Which 
is a continuation-in-part of application No. 08/008, 
896, ?led on Jan. 21, 1993, noW abandoned. 

Publication Classi?cation 

(51) Int. Cl? ............................. .. C12Q 1/00; c12o 1/68 
(52) Us. 01. ................................................... .. 435/4; 435/6 

(57) ABSTRACT 

This invention provides methods and diagnostic kits for 
identifying and characterizing toxic compounds. These 
methods and diagnostic kits measure transcription or trans 
lation levels fr4om genes linked to native eukaryotic stress 
promoters, especially those of mammals. The kits and meth 
ods of this invention utilize at least one stress promoter from 
each of the following groups: redox stress; DNA stress; 
protein stress and energy/ionic stress. The invention also 
provides methods and diagnostic kits for identifying and 
characterizing compounds that are toxic to speci?c organs, 
such as skin and the eye, as Well as for each of the individual 
stresses indicated above. The methods and diagnostic kits of 
this invention yield information concerning the action of a 
compound on a subcellular level. This information may be 
utilized to design antitoxins to compounds found to be toxic 
and in active drug design. 
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FIGURE 3 Benzotaipyrene 
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FIGURE 4 Cadmium Sulfate 
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FIGURE 6 Ethanol 
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FIGURE 7 Methopyrilena hydrochloride 
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METHODS AND DIAGNOSTIC KITS UTILIZING 
MAMMALIAN STRESS PROMOTERS TO 
DETERMINE TOXICITY OF A COMPOUND 

TECHNICAL FIELD OF INVENTION 

[0001] This invention provides methods and diagnostic 
kits for identifying and characterizing toxic compounds. 
These methods and diagnostic kits measure transcription or 
translation levels from genes linked to native eukaryotic 
stress promoters, especially those of mammals. The kits and 
methods of this invention utiliZe at least one stress promoter 
from each of the folloWing groups: redox stress, DNA stress, 
protein stress and energy/ionic stress. The invention also 
provides methods and diagnostic kits for identifying and 
characteriZing compounds that are toxic to speci?c organs, 
such as skin and the eye, as Well as for each of the individual 
stresses indicated above. The methods and diagnostic kits of 
this invention yield information concerning the action of a 
compound on a subcellular level. This information may be 
utiliZed to design antitoxins to compounds found to be toxic 
and in active drug design. 

BACKGROUND OF THE INVENTION 

[0002] At least 55,000 chemicals are presently produced 
in the United States. Over 2,000 neW chemicals are intro 
duced into the market each year. Very feW of these chemicals 
have been comprehensively tested for acute or chronic 
toxicity. For example, less than 1 percent of commercial 
chemicals have undergone complete health haZard assess 
ment. 

[0003] The Environmental Protection Agency (“EPA”) 
has the authority to require toxicological testing of a chemi 
cal prior to commercial production, but that authority is 
rarely invoked. Less than 10 percent of neW chemicals are 
subjected to detailed revieW by the EPA. In the interest of 
cost and speedy access to the market, the EPA often uses the 
toxicity of previously tested homologous compounds to 
gauge the toxicity of a neW chemical. 

[0004] The potential toxicity of neW drugs is monitored by 
the Food and Drug Administration (“FDA”). For a NeW 
Drug Application (NDA), the FDA typically requires a large 
battery of toxicity, carcinogenicity, mutagenicity and repro 
duction/fertility tests in at least tWo species of live animals. 
These tests are required to last up to one year. A tWo year 
toxicity test in rats costs approximately $800,000 [Casarett 
and Doull ’s Toxicology, 4th Edition, M. O. Amdur et al., eds. 
Pergamon Press, NeW York, NeW York, p. 37 (1991)]. 

[0005] Besides cost, animal testing also presents disad 
vantages in terms of time, animal suffering and accuracy. 
Typical toxicity tests are divided into three stages: acute, 
short term and long term. Acute tests, Which determine the 
LD5O of a compound (the dose at Which 50% of test animals 
are killed), require some 60-100 animals and a battery of 
tests for determining LDSO, dose-response curves and for 
monitoring clinical end points, other than death. Short term 
tests usually involve at least 24 dogs and 90 rats and last 
from 90 days in rats to 6-24 months in dogs. Body Weight, 
food consumption, blood, urine and tissue samples are 
frequently measured in the short-term tests. In addition, dead 
animals are subjected to post-mortem examinations. Long 
term tests are similar to short term tests, but last 2 years in 
rats and up to 7 years in dogs or monkeys. 
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[0006] Animal testing has come under criticism by animal 
rights activists and the general public because of the severe 
suffering in?icted on the animals. Moreover, recent evidence 
calls into question the accuracy of animal testing. For 
example, variables, such as animal diet, may impair the 
predictability of animal tests in determining carcinogenic 
properties [P. H. Abelson, “Diet and Cancer in Humans and 
Rodents”, Science, 255, p. 141 (1992)]. And prior determi 
nations on dioxin toxicity, based on guinea pig testing, are 
noW being reevaluated [B. J. Culliton, “US Government 
Orders NeW Look At Dioxin”, Nature, 352, p. 753 (1991); 
L. Roberts, “More Pieces in the Dioxin PuZZle”, Research 
News, October, 1991, p. 377]. It is therefore apparent that 
there is an urgent need for a quick, inexpensive and reliable 
alternative to toxicity testing in animals. 

[0007] Several short-term alternative tests are available. 
For example, the Ames Assay detects carcinogens Which 
cause genetic reversion of mutant strains of Salmonella 
typhimurium. HoWever, the Ames Assay cannot detect either 
non-mutagenic carcinogens or non-carcinogenic toxins. The 
yeast carcinogen assay system described in US. Pat. No. 
4,997,757 overcomes some of the draWbacks of the Ames 
Assay, but is still not able to detect non-carcinogenic toxins. 
Both of these assays are designed to detect alterations and 
mutations at the DNA level only. Therefore, those prior art 
tests cannot detect direct damage to proteins or lipid mem 
branes, nor inhibitors of DNA synthesis. Moreover, those 
prior art tests cannot provide information as to hoW a 
mutagen or toxin exerts its effect. 

[0008] Applicant’s copending US. application Ser. No. 
910,793, ?led Jul. 6, 1992, the disclosure of Which is herein 
incorporated by reference, describes an assay system Which 
utiliZes a reporter gene fused to bacterial stress promoters to 
determine and characteriZe the toxicity of a compound. This 
assay is able to detect damage to proteins or lipid mem 
branes and inhibition of DNA synthesis. Thus, this assay 
provides for the identi?cation of non-carcinogenic toxins. 
Unfortunately, the correlation betWeen bacterial toxicity and 
toxicity to mammals and other higher eukaryotes has certain 
limitations and may not be an accurate measure of toxicity 
in higher animals. 

[0009] Therefore, there is still a need for an assay that has 
the time and cost-saving features of the bacterial stress 
assay, but is based on a eukaryotic cell. 

SUMMARY OF THE INVENTION 

[0010] Applicant has ful?lled this need by providing an in 
vitro diagnostic kit and assay method Which identify and 
characteriZe the cellular and sub-cellular effect of a potential 
toxin on an animal cell. These kits and methods employ the 
native stress promoters of eukaryotic cells, preferably mam 
malian cells, and measure the level of transcription or 
translation of a gene Which is operatively linked thereto. 
Depending upon the choice of stress promoters used, the kits 
and methods of this invention may be designed to identify 
and characteriZe compounds that are toxic to the Whole 
animal or to speci?c organs of that animal. 

[0011] In one embodiment, the kits and methods of this 
invention characteriZe the toxicity of a compound by deter 
mining the level of transcription of various stress genes 
present in a eukaryotic cell. These kits and methods employ 
oligonucleotides that are complementary or homologous to 



US 2003/0027127 A1 

at least a portion of various stress gene messenger RNAs to 
detect transcription of those genes in the cell. In this 
embodiment a single cell is effectively an in vivo diagnostic 
reagent for determining What particular stress a given com 
pound induces. 

[0012] In another embodiment, each of a plurality of 
similar eukaryotic cells harbors a different stress promoter 
operatively linked to a reporter gene. By exposing each cell 
separately to a compound and measuring the expression of 
the reporter gene product, the toxicity of that compound may 
be characteriZed. 

[0013] The kits and methods of this invention are opti 
mally designed to determine the toxicity of a compound in 
a matter of days, rather than the months or years required for 
animal testing. Furthermore, the kits of this invention 
achieve these results for a fraction of the cost of animal 
testing and Without the objectionable consequences to live 
animals. And, the diagnostic kits and methods of this inven 
tion yield direct information about the nature of a toxin’s 
action on mammalian cells—something that the prior art 
short-term assays fail to do. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
tetrachlorodibenZo-p-dioxin (TCDD). 
[0015] FIG. 2 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
3-methyl cholanthrene (3-MC). 

[0016] FIG. 3 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
benZo[a]pyrene. 
[0017] FIG. 4 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
cadmium sulfate. 

[0018] FIG. 5 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
dimethyl sulfoxide (DMSO). 

[0019] FIG. 6 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
ethanol. 

[0020] FIG. 7 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
methapyrilene hydrochloride. 
[0021] FIG. 8 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
methyl methanesulfonic acid (MMS). 

[0022] FIG. 9 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
sodium arsenate. 
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[0023] FIG. 10 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
phorbol 12-acetate-13-myristate (PMA). 
[0024] FIG. 11 depicts the relative expression of chloram 
phenicol acetyl transferase under the control of different 
stress promoters in the presence of varying concentrations of 
retinoic acid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] As used herein, the terms “stress” and “toxicity” 
are used interchangeably and refer to the disturbance of the 
biochemical and biophysical homeostasis of the cell. 

[0026] The term “redox stress”, as used throughout this 
application, refers to conditions Which vary from the normal 
reduction/oxidation potential (“redox”) state of the cell. 
Redox stress includes increased levels of superoxides radi 
cals, increased levels of peroxides—both hydrogen peroxide 
and organic peroxides—, decreased levels of glutathione 
and any other conditions Which alter the redox potential of 
the cell, such as exposure to strong reducing agents, some 
aromatic hydrocarbons, electrophilic compounds, alde 
hydes, intracellular thiols, steroids, methyl cholanthrene, 
phenobarbital and CCl4. The term also includes any addi 
tional conditions Which cause proliferation of peroxisomes. 

[0027] The term “DNA stress”, as used herein, refers to 
alterations to deoxyribonucleic acid or to precursor nucle 
otides. For example, DNA stress includes, but is not limited 
to, DNA strand breaks, DNA strand cross-linking, exposure 
to DNA intercalating agents, both increased and decreased 
superhelicity, oxidative DNA damage, DNA alkylation, oxi 
dation of nucleotide triphosphates and alkylation of nucle 
otide triphosphates. The term also includes inhibition of 
DNA synthesis and replication and inhibition of mitosis or 
meiosis. And the term includes conditions caused by expo 
sure to groWth factors, interferons, tumor promoters, tumor 
necrosis factor, phorbol esters, hydrophobic cytotoxic drugs, 
in?ammatory agents, mitogens, carcinogens, X-rays, UV 
radiation and dimethylnitrosomines. 

[0028] “Protein stress”, as used throughout the applica 
tion, refers to alterations to proteins or individual amino 
acids and inhibition of enZyme functions, as Well as pertur 
bations of intracellular transport of proteins. The term 
includes, but is not limited to, denaturation of proteins, 
misfolding of proteins, chelation of protein cofactors, cross 
linking of proteins, both oxygen-dependent and -indepen 
dent oxidation of inter- and intra-chain bonds, such as 
disul?de bonds, alkylation of proteins, oxidation of indi 
vidual amino acids and protein damage caused by exposure 
to heavy metals, such as cadmium and heat. 

[0029] I use the term “energy/ionic stress” to encompass 
conditions Which affect ATP levels in the cell or ionic 
gradients across a cell membrane. Examples of energy stress 
are forced anaerobic metabolism in the presence of oxygen, 
perturbations of electron transport, exposure to uncoupling 
agents, membrane depolariZation, osmotic shock, exposure 
to ions, such as Ca2+, exposure to high levels of cAMP and 
exposure to ethanol. 

[0030] The term “cell surface receptor-mediated stress” 
refers to those conditions Which alter the transcription level 



US 2003/0027127 A1 

of genes Whose expression is regulated by the interaction of 
a cell surface receptor With a ligand. Examples of such stress 
include exposure of the skin, eyes or mucous membranes to 
irritants, allergens or in?ammatory compounds. 

[0031] The term “stress promoter induction” refers to 
conditions Which increase the level of expression of a gene 
product operably linked to a native stress promoter or a 
recombinantly derived stress promoter Which contains a 
response element. The term “operative linkage”, “opera 
tively linked” or “operably linked” refers to the positioning 
of the promoter relative to the gene such that transcription of 
the gene is regulated by the promoter. The term encompasses 
both recombinant constructs, as Well as the structure of a 
naturally occurring promoter and its associated gene. 

[0032] The term “determining and characteriZing the tox 
icity of a compound” includes identifying a compound as a 
toxin and elucidating its mechanism of action Within the cell. 

[0033] The term “nucleic acid sequences” as used in this 
application, includes RNA, single or double-stranded cDNA 
or portions thereof, single or double-stranded genomic DNA 
or portions thereof, or single or double stranded synthetic 
oligonucleotides. 
[0034] Whereas every gene is controlled by a unique 
promoter, genes Which respond to identical stresses contain 
a common response element Within their promoters. Accord 
ingly, the same response element is responsible for inducing 
expression of a family of genes upon exposure to a certain 
stress. When isolated and operably linked to a minimal 
promoter and a structural gene, the resulting construct 
functions like a stress promoter. This is particularly useful in 
dissecting a native stress promoter that responds to multiple 
stresses into its component parts. 

[0035] Individual cells respond to toxic stimuli, in part, by 
activating speci?c genes Whose protein products detoxify 
the stimuli or repair damage caused thereby. Eukaryotic cells 
have large number of genetic and biochemical responses to 
damage and stress. At least 50 different mammalian stress 
genes have already been isolated and characteriZed. These 
genes are induced by a variety of chemical and physical 
stresses or cellular damage. 

[0036] Among the chemical stresses Which induce one or 
more of these identi?ed genes are exposure of the cell to 
mercury, heavy metals, nitroxides, aromatic hydrocarbons, 
acidity, basicity, alkylating agents, peroxidiZing agents, 
cross-linking agents, ionophores, redox active agents, elec 
trophilic compounds, in?ammatory agents, hydrophobic 
cytotoxic drugs, ethanol, steroids, uncoupling agents, tumor 
promoters and cellular factors, such as tumor necrosis factor, 
groWth factors and interferon. Physical stresses include 
exposure to UV radiation, heat or X-rays. 

[0037] Examples of cellular damage Which induce these 
identi?ed genes are lipid oxidation, peroxisome prolifera 
tion, DNA strand breaks, DNA alkylation, DNA cross 
linking, DNA oxidation, osmotic imbalance, protein oxida 
tion, protein misfolding, protein alkylation, ATP depletion, 
membrane permeabiliZation, glutathione depletion and alter 
ations in signal transduction. Many more stress genes are 
believed to exist. The identi?cation and characteriZation of 
these additional stress genes is highly desirable in under 
standing What effects various chemical stresses have on the 
cell. 
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[0038] The present invention provides diagnostic kits and 
methods for determining and characteriZing the toxicity of a 
compound in terms of the type of damage it causes Within 
the cell, i.e., DNA damage, protein damage, redox damage, 
energy damage, ionic damage, etc. According to one 
embodiment, each diagnostic kit of this invention comprises 
a plurality of eukaryotic cells, each of Which harbors at least 
one promoter or one promoter element Which responds to 
stress. The plurality of cells, in toto, must comprise at least 
one promoter or promoter element Which responds to each 
of the aforementioned types of stresses—redox, DNA, pro 
tein and energy/ionic—operably linked to a gene encoding 
a detectable product. 

[0039] According to one embodiment, the plurality of 
cells in this kit are actually a single cell line, Wherein each 
cell contains all of the different types of stress promoters and 
Wherein each of those promoters is activated upon exposure 
to the appropriate stress. In this embodiment, the genes 
operatively linked to the stress promoters are most prefer 
ably the native stress genes. In this manner no genetic 
manipulation need be carried out on the cells prior to 
running an assay. In this preferred embodiment, the kits 
further comprise oligonucleotides or cDNAs Which are 
complementary to at least a portion of either the coding or 
non-coding strand of the genes under control of the speci?c 
stress promoters. The oligonucleotides are used to detect and 
quantify the mRNA transcripts of those genes or the cDNA 
complement thereof, either of Which may be the detectable 
product in this embodiment. 

[0040] It should be noted that although all eukaryotic cells 
contain numerous stress promoters Within their genomes, 
some of those promoters may or may not be activatable upon 
exposure to the proper stress. This is especially true in higher 
eukaryotes, such as mammals. Those cell lines Whose stress 
promoters do respond to almost all of the appropriate 
stresses are preferred in the kits of this invention. These 
include primary tissue from mammalian liver, heart, lung, 
kidney, brain, or other organ, as Well as mammalian derived 
cell lines established from these tissues available from 
American Type Culture Collection (ATCC, Rockville, MD). 
More preferred are HepG2 cells, HeLa cells and WIL-2 
cells. Most preferred are HepG2 cells. 

[0041] The oligonucleotides employed in the above diag 
nostic kits and methods of this invention are chosen based 
upon their ability to speci?cally hybridiZe under relatively 
high stringency conditions to the either the transcription 
product of the gene operatively linked to the various stress 
promoters or its complement (i.e., a single-stranded cDNA 
reverse transcribed from that mRNA). The choice of utiliZ 
ing complementary or homologous oligonucleotides 
depends upon the method used for detecting the transcrip 
tion products. These various methods are described later in 
the application. 
[0042] Because the DNA sequence of many mammalian 
stress genes are knoWn, hybridiZable oligonucleotides are 
easily constructed. It should be noted that 100% homology 
or complementarity betWeen the oligonucleotide and the 
stress gene mRNA is not required. This is because the 
oligonucleotide may be designed based upon the sequence 
of a stress gene from a species different from the source of 
the cells utiliZed in the kits and methods of this invention. 

[0043] While it is expected that similar stress genes from 
different mammalian species Will be closely related, the 



US 2003/0027127 A1 

transcripts from those genes Will most likely not have 
identical nucleotide sequences. Accordingly, the oligonucle 
otides utiliZed in the kits and methods of this invention are 
preferably at least 95 k homologous or complementary. 
Preferably, the oligonucleotides are betWeen 20 and 500 
base pairs long. Most preferably, the oligonucleotides are 
betWeen 50 and 100 base pairs. 

[0044] More preferably, the oligonucleotides are synthe 
siZed using an oligonucleotide synthesiZer, optionally fol 
loWed by polymerase chain reaction (“PCR”). In this pro 
cedure, an oligonucleotide having a sequence identical to a 
portion of either the template strand or the non-coding strand 
and Within the coding region of a knoWn, sequenced stress 
gene is synthesiZed. If PCR is to be used to increase the 
quantity of oligonucleotide, the oligonucleotide is synthe 
siZed With an additional 6 to 12 nucleotides at each end. 
Those eXtra nucleotides serve as targets for complementary 
primers in a PCR reaction. Preferably the eXtra nucleotides 
at each end are complementary to one another. This alloWs 
a single primer to prime off of both the original oligonucle 
otide and the PCR product thereof. Most preferably, the 
eXtra nucleotides at each end are complementary homoheX 
amers, i.e., AAAAAA at one end and TTTTTT at the other. 

[0045] During PCR, one or more labeled nucleotides are 
preferably included in the polymerase reaction. Preferably 
the label is 32P, biotin or a ?uorescent marker. This results 
in a labelled product that can be used directly to detect the 
level of transcription product. The advantage of this miXed 
oligonucleotide synthesiZer/PCR technique is that micro 
gram quantities of labelled oligonucleotide can be produced 
in a single procedure. The resulting oligonucleotides may 
optionally be biotinylated folloWing synthesis and puri?ca 
tion. 

[0046] If the oligonucleotide is used to detect cDNA 
reverse transcripts of the transcription product, it is prefer 
able that they not be labelled. In this embodiment, it is 
preferred that the label be incorporated into the cDNA, 
rather than the oligonucleotide. 

[0047] The design of appropriate oligonucleotide probes 
for use in the kits and methods of this invention is relatively 
straightforWard. Obviously, they should have high sequence 
similarity or complementarity to the stress gene mRNA to 
Which they are designed to hybridiZe. The oligonucleotides 
in any particular kit should also have approximately the 
same melting temperature (Tm) so that a single Warming 
apparatus (such as a Water bath) may be utiliZed When 
carrying out hybridiZation and subsequent Washing steps. 
Preferably the oligonucleotides are designed to have a Tm of 
greater than 70° C. in 0.2>< SSC. To determine Which 
portions of the coding regions of the stress gene to use in 
designing oligonucleotide probes, one may utiliZe a com 
mercially available computer program, such as OLIGO 
(National Biosciences, Plymouth, Minn.). 
[0048] According to another embodiment, each of the 
plurality of eukaryotic cells in the diagnostic kit of this 
invention harbors a stress promoter or a stress response 
element Which is operatively linked to a heterologous gene 
encoding a detectable product. In this embodiment, it is 
preferable that the same heterologous gene be linked to the 
various stress promoters or response elements in the kit. In 
this manner, only a single assay need be performed to detect 
induction of any of the stress promoters and stress response 
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elements. It is also preferable that each cell Within the kit 
contains only a single stress promoter or response element/ 
heterologous gene construct. Thus, the expression of the 
detectable product in any given cell in the kit can be 
speci?cally correlated to the induction of a single stress 
promoter or response element. 

[0049] The diagnostic kits and methods of this invention 
employ a plurality of eukaryotic cells, Which, in toto, 
comprise promoters or response elements that respond to 
each of: redoX stress, DNA stress, protein stress and energy 
stress. The preferred promoters and response elements of 
this invention for use With mammalian cells are listed beloW 
in Table 1. 

TABLE 1 

Preferred Mammalian Stress Promoters 

Energy/ 
Promoter RedoX DNA Protein Ionic 

CYP1A1 X 
GST Ya X 
GADD45 
GRP78 
JUN X 
FOS 
XHF 
HSP7O 
MT IIA 
GADD153 
ALDH 1 
HMO 
CRE 
XRE 
NFkBRE 
RARE 
ThRE 
PPRE 
TRE 
ERE 
p53RE X 

[0050] Preferably, the promoters or response elements 
Which respond to redoX stress in the methods and kits of this 
invention are selected from the promoters of the CYP1A1, 
GST Ya, JUN, ALDH1 and HMO genes and the XRE, 
NFkBRE, PPRE, RARE, ERE, and ThRE response ele 
ments. 

[0051] The CY1A1 gene encodes cytochrome P450 1A1, 
an enZyme involved in the metabolism of polycyclic aro 
matic hydrocarbons, such as benZo(a)pyrene. The gene is 
inducible by aromatic hydrocarbons, plant ?avones and also 
by tetrachlorodibenZo-p-dioXin (TCDD), one of the most 
potent teratogens and tumor promoters [L. A. Neuhold et al., 
Mol. Cell. Biol, 9, pp. 2378-2386 (1989); Y. Fujii-Kuriyama 
et al., The FASEB J., 6, pp. 706-710 (1992); D. W. Nebert et 
al., Env. Health Perspea, pp. 13-25 (1990); R. A. DiXon et 
al., Biol. Rev., 61, pp. 239-241 (1986)]. The sequence of this 
gene is described in K. SogaWa et al., Proc. Natl. Acad. Sci. 
USA, pp. 8044-8048 (1986), the disclosure of Which is 
herein incorporated by reference. 

[0052] The GST Ya gene encodes the glutathione S-trans 
ferase Ya subunit, a unique Xenobiotic-responsive element. 
The redoX stress-sensitive portion of the GST Ya promoter 
is strongly induced by electrophilic herbicides, insecticides 
and planar aromatic hydrocarbons such as [3-naphtho?avone 
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and 3-methylcholanthrene [T. H. Rushmore et al., Proc. 
Natl. Acad. Sci. USA, 87, pp. 3826-3830 (1990)]. The 
sequence of this gene is described in T. H. Rushmore et al., 
supra, the disclosure of Which is herein incorporated by 
reference. 

[0053] The JUN oncogene codes for c-jun Which partici 
pates in the formation of the AP-1 complex—a transcrip 
tional activator. Redox stresses Which activate the JUN gene 
are superoxide radicals and UVA radiation. The sequence of 
this gene is described in R. De Groot et al., EMBO J., 10, pp. 
2523-2532 (1991), the disclosure of Which is herein incor 
porated by reference. 

[0054] The ALDH 2 gene encodes aldehyde dehydroge 
nase and is induced by aldehydes and peroxisome prolifera 
tors [D. W. Nebert, Env. Health Persp., 88, pp. 13-25 
(1990)]. The sequence of that gene is described in L. C. Hsu 
et al., Proc. Natl. Acad. Sci. USA, 82, pp. 3771-3775 (1985), 
the disclosure of Which is herein incorporated by reference. 

[0055] The HMO gene codes for heme oxygenase. The 
promoter is induced by the folloWing redox stresses: oxida 
tive stress, hydrogen peroxides, and sodium arsenite [S. T. 
Keyse and R. M. Tyrell, Proc. Natl. Acad. Sci. USA, 86, pp. 
99-103 (1989)]. The sequence of this gene is described in 
that document, the disclosure of Which is herein incorpo 
rated by reference. 

[0056] The XRE is a redox stress response element. It 
responds to xenobiotics, such as aromatic hydrocarbons [T. 
H. Rushmore et al., Proc. Natl. Acad. Sci. USA , 87, pp. 
3826-3830 (1990)]. The sequence of this response element 
is described in that document, the disclosure of Which is 
herein incorporated by reference. 

[0057] NFkBRE is a redox stress response element Which 
encodes a transcription factor that is activated by intracel 
lular thiols [R. Schreck et al., EMBO J., 10, pp. 2247-2258 
(1991); B. Nelson et al.,Molec. Cell. Biol., 8, pp. 3526-3531 
(1988)]. It also responds to DNA stress. The sequence of this 
response element is described in K. Leung and G. J. Nabel, 
Nature, 333, pp. 776-778 (1988), the disclosure of Which is 
herein incorporated by reference. 

[0058] PPRE is the peroxisome proliferation response 
element. It is a redox stress responsive element that is 
induced by peroxisome proliferators [C. Dreyer et al., Cell, 
68, pp. 879-887 (1992)]. The sequence of this response 
element is described in that document, the disclosure of 
Which is herein incorporated by reference. 

[0059] RARE is the retinoic acid response element. It is a 
redox stress-sensitive response element that responds to the 
steroid hormone retinoic acid and its analogs de The, et 
al., Nature, 343, pp. 177-180 (1990), the disclosure of Which 
is herein incorporated by reference]. 

[0060] ERE is the estrogen response element. It responds 
to redox stress that is induced by estrogenic compounds. The 
sequence of the ERE is described in V. Kumar, et al., Cell, 
55, pp. 145-156 (1988), the disclosure of Which is herein 
incorporated by reference. 

[0061] ThRE is the thyroid hormone response element. It 
responds to redox stress that is induced by thyroid hormone 
and its analogs. The sequence of the ThRE is described in M. 
Beato, Cell, 56, pp. 335-344 (1989), the disclosure of Which 
is herein incorporated by reference. 
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[0062] Other promoters and response elements Which 
respond to redox and can be utiliZed in the kits and methods 
of this invention may be selected from those listed in Table 
2, beloW. In the brief description of each of these genes and 
response elements that folloWs, the document Which dis 
closes the DNA sequence of the particular gene is indicated 
in brackets. The disclosure of each of these documents is 
herein incorporated by reference. 

[0063] UGT encodes a UDP-glucoronosyl transferase and 
its redox response is induced by 3-methyl cholanthrene [T. 
Iyanagi et al, J. Biol. Chem, 261, pp. 15607-14 (1986)]. 
CYP11B2 encodes a cytochrome P450 Whose redox 
response is induced by steroids [T. KaWamoto et al., Proc. 
Natl. Acad. Sci. USA, 89, pp. 1458-62 (1992)]. Cu.ZnSOD 
encodes a superoxide dismutase that is induced by copper 
and Zinc-catalyzed superoxide formation Danciger et al., 
Proc. Natl. Acad. Sci. USA, 83, pp. 3619-23 (1986)]. The 
MnSOD gene encodes a superoxide dismutase gene Which 
can be activated by tumor necrosis factor, interleukin-2 and 
lipopolysaccharides [M. K. St. Clair and J. C. Holland, 
Cancer Res., 51, pp. 939-943 (1991)]. ADPRT encodes a 
ribosyl transferase and is induced by oxidative stress. GP 
encodes glutathione peroxidase and its redox response is 
induced by peroxides [S. Chada, Genomics, 6, pp. 268-71 
(1990)]. FAOxase encodes fatty acyl-CoA oxidase and is 
induced by peroxisome proliferators [S. MiyaZaWa et al., J. 
Biol. Chem., 262, pp. 8131-37 (1987)]. PBE encodes a 
peroxisomal enoyl-CoA hydratase/3-hydroxyacyl CoA 
dehydrogenase bifunctional enZyme and is induced by per 
oxisome proliferators [J . K. Reddy et al., Proc. Natl. Acad. 
Sci. USA, 83, pp. 1747-51 (1986)]. PPAR encodes a peroxi 
some proliferator-activated receptor and is induced by per 
oxisome proliferators [C. Dreyer et al., Cell, 68, pp. 879-87 
(1992)]. EH encodes an epoxide hydrolase Which responds 
to redox stress caused by phenobarbital [R. K. Skoda et al., 
J. Biol. Chem., 263, pp. 1549-54 (1988)]. CYP2B2 [J. S. 
Miles et al., Nucl. Acids Res., 16, pp. 5783-95 (1988)], 
CYP2E1 [J. E. Freeman et al., Biochem. J., 28, pp. 689-95 
(1992)] and CYP3A3 [N. K. Spurr et al., GenBank Acces 
sion number X12387] encode three different cytochrome 
P450s. They are responsive to redox stress caused by 
phenobarbital (2B2), CCl4 (2E1), and a?aioxin, cyclosporin, 
testosterone and nifedipine (3A3), respectively. The P450b 
gene encodes the cytochrome P450b Which is induced by 
phenobarbital [C. M. Giachelli, et al., J. Biol. Chem., 264, 
pp. 7046-7053 (1989). The P450d gene encodes cytochrome 
P450d, Which is induced by polycyclic aromatic hydrocar 
bons, isosafrole, and 3-amino-1-SH-pyrido[4,3-b]indole 
(Trp-P-2) SogaWa et al., J. Biol. Chem., 260, pp. 
5026-5032 (1985). PPa encodes a poly (ADP-ribose) poly 
merase and has a redox stress-sensitive component Which 

responds to lipid peroxidation and oxidative stress Uchida et al, Biochem. Biophys. Res. Comm, 148, pp. 

617-22 (1987)]. PKC encodes protein kinase C and its redox 
stress-sensitive component is induced by lipid peroxidation. 
ALDH1 encodes another aldehyde dehydrogenase that is 
induced by aldehydes and peroxisome proliferators [L. C. 
Hsu et al., Proc. Natl. Acad. Sci. USA, 82, pp. 3771-75 
(1985)]. The NMO1 gene encodes the NAD(P)H menadione 
oxidoreductase and is induced by various xenobiotics 
including planar aromatic compounds, aZo dyes and phe 
nolic antioxidants [L. V. Favreau and C. B. Pickett, J. Biol. 
Chem., 266, pp. 4556-4561 (1991)]. The GST2 gene 
encodes glutathione S-transferase-2 and responds to similar 
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redoX stresses as GST Ya [P. G. Board et a1., Proc. Natl. 
Acad. Sci. USA, 84, pp. 2377-81 (1987)]. The GAPDH gene 
encodes g1ycera1dehyde-3-phosphate dehydrogenase [L. 
Erco1ani et a1., J. Biol. Chem, 263, pp. 15335-41 (1988)]. 
The NQO gene encodes NAD(P)H quinone oXireductase 
and responds to the same redoX stresses as NMO [A. K. 
JaisWa1, Biochemistry, 30, pp. 10647-53 (1991). 

[0064] The promoters and response elements which 
respond to DNA stress that are useful in the methods and kits 
of this invention are preferably selected from the promoters 
of the GST Ya, GADD45, JUN, FOS, XHF and GADD153 
genes and the TRE and p53RE response e1ements. 

[0065] The GST Ya gene is described above. Its DNA 
stress-sensitive component is induced by alkylated DNA. 

[0066] The GADD45 gene encodes a groWth arrest and 
DNA damage responsive protein. The GADD45 gene is 
induced by UV irradiation, X-rays, and the DNA damaging 
agent, methy1 methane su1fonate (MMS). This gene is 
described in Q. Zhan et a1., Mol. Cell Biol., 13, pp. 4242-50 
(1993), the disclosure of Which is incorporated by reference. 

[0067] The JUN gene has a DNA stress-sensitive compo 
nent that is induced by UVA radiation, tumor promoters and 
groWth factors. 

[0068] The FOS gene encodes the oncogene c-fos. The 
DNA stress-sensitive components of its promoter are 
induced by tumor promoters and groWth factors M. 
Ha1iday,EMBO J., 10, pp. 109-115 (1991)]. The sequence of 
this gene is described in F. van Straaten et a1., Proc. Natl. 
Acad. Sci. USA, 80, pp. 3183-3187 (1983), the disclosure of 
Which is incorporated herein by reference. 

[0069] The XHF gene codes for co11agenase and is acti 
vated by mitogenesis, in?ammatory agents, UV radiation, 
and also in response to the tumor promoter, 12-O-tetrade 
canoy1-phorbo1-13-acetate (TPA). The sequence of this gene 
is described in P. Ange1 et a1., Mol. Cell. Biol., 7, pp. 
2256-2266 (1987), the disclosure of Which is herein incor 
porated by reference. 

[0070] The GADD153 gene is expressed in response to 
groWth arresting signals and DNA damaging agents [J . D. 
Luethy and N. J. Ho1brook, Cancer Res., 52, pp. 5-10 
(1992)]. The sequence of this gene is described in A. J. 
Fornace et a1., Mol. Cell. Biol., 9, pp. 4196-4203 (1989), the 
disclosure of Which is herein incorporated by reference. 

[0071] TRE is the TPA response element. It responds to 
DNA stress induced by phorbol esters. The sequence of TRE 
is described in P. Ange1 et a1., Cell, 55, pp. 875-85 (1988), 
the disclosure of Which is herein incorporated by reference. 

[0072] p53RE in the p53 response element. It is respon 
sive to DNA stress and is induced by X-rays and MMS. The 
sequence of the p53RE is described in Q. Zahn, et a1., Mol. 
Cell. Biol., 13, pp. 4242-4250 (1993), the disclosure of 
Which is herein incorporated by reference. 

[0073] Other promoters Which respond to DNA stress and 
are useful in the methods and kits of this invention are listed 
in Table 2, below. In the brief description of each of these 
gene that follows, the document which discloses the DNA 
sequence of the particular gene is indicated in brackets. The 
disclosure of each of these documents is herein incorporated 
by reference. 
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[0074] The EGR-1 gene encodes an early groWth response 
factor and is induced by mitogenesis and phosphatase inhibi 
tors [S. V. Suggs, Nucl. Acids Res., 18, pp. 4283-89 (1990)]. 
The GAS 2,3 gene encodes a gene Which responds to groWth 
arrest [C. Schneider et a1., Cell, 54, pp. 787-793 (1988)]. The 
MGMT encodes an O-6-methy1guanine methy1transferase 
and is induced by alkylated DNA Tano et a1., Proc. Natl. 
Acad. Sci. USA., 87, pp. 686-90 (1990)]. DNA Po1 encodes 
DNA polymerase A and is induced by mitogens. TK (Which 
encodes thymidine kinase) D. BradshaW Jr. et a1., Mol. 
Cell. Biol.], 4, pp. 2316-20 (1984)], DHFR (Which encodes 
dihydrofolate reductase) [C. Morandi,J. Mol. Biol., 156, pp. 
583-607 (1982)] and PCNA (Which encodes pro1iferating 
ce11nuc1ear antigen) [D. Jasku1ski et a1.,]. Biol. Chem, 263, 
pp. 10175-79 (1988)] each are induced by ce11pro1iferation. 
PGHS encodes prostag1andin endoperoXidase synthase and 
is induced by mitogens [S. A. Kraemer et a1.,Arch. Biochem. 
Biophys., 293, pp. 391-400 (1992)]. LOX encodes a 5/12 
1ipoXygenase and is activated by eXposure to tumor necrosis 
factor [P. A. DiXon et a1., Proc. Natl. Acad. Sci. USA, 85, pp. 
416-20 (1988)]. ISG15, Which encodes interferon-stimu 
1ated gene, is induced by a-interferon [N. Reich et a1., Proc. 
Natl. Acad. Sci. USA, 84, pp. 6394-98 (1987)]. 2‘-5‘ AS, 
Which encodes 2‘-5‘ o1igoadeny1ate synthetase, is induced by 
[3-interferon (M. Wa1the1et et a1., FEBS Lett., 196, pp. 
113-20 (1986)]; EH, Which is discussed above, contains a 
DNA stress-sensitive component Which is activated by car 
cinogens. CYP2E1 contains a DNA stress-sensitive element 
which responds to dimethy1nitrosamine. TPO1 and TPO2 
encode topoisomerases and are induced by DNA strand 
breaks and agents Which cause promoter recombination [P. 
D’arpa et a1., Proc. Natl. Acad. Sci. USA, 85, pp. 2543-47 
(1988); M. Tsai-P?ufelder et a1., Proc. Natl. Acad. Sci. USA, 
85, pp. 7177-81 (1988)]. PPa, Which was also discussed 
above, responds to DNA stress caused by DNA damage. 
DRA encodes HLA class II and is induced by interferon 
gamma [A. J. Korman et a1., Proc. Natl. Acad. Sci. USA, 79, 
pp. 6013-17 (1982); D. A. Shacke1ford et a1., Immunol. Rev., 
66, pp. 133-(1982)]. The MnSOD promoter, Which is 
described above, also contains a DNA stress-responsive 
element that is induced by tumor necrosis factor. The 
MDR-1 gene encodes a protein Which imparts mu1ti-drug 
resistance and is mainly induced by hydrophobic cytotoxic 
drugs [J. A. Si1verman et a1., Gene, 106, pp. 229-236 
(1991)]. The beta-po1 gene encodes the DNA repair enZyme 
DNA polymerase beta and responds to N-methy1-N‘nitro-N 
nitrosoguanidine (MNNG), mech1orethamine hydroch1oride 
(HN2), and cis-p1atinum(II) diamine dich1oride (cis-Pt) [S. 
G. Widen, et a1.,]. Biol. Chem, 263, pp. 16992-98 (1988)]. 
The strome1ysin-1 gene encodes a protein that is induced by 
phorbol esters, such as PMA L. Sirum et a1., Biochem 
istry, 28, pp. 8691-98 (1989)]. The PCNA gene encodes 
proliferating cell nuclear antigen Which is induced by tumor 
promoters [S. Trava1i et a1., J. Biol Chem, 264, pp. 7466-72 
(1989)]. 
[0075] Promoters Which respond to protein stress useful in 
the methods and kits of this invention are preferably selected 
from GRP78, JUN, FOS, HSP70 and MTIIA. 

[0076] The GRP78 gene encodes a 78-kDa protein that is 
a major endoplasmic reticulum component. GRP78 is 
induced by misfolded proteins and g1ycosy1ation b1ocks (S. 
K. Wooden, et a1., Mol. Cell. Biol., 11, pp. 5612-23 (1991). 
The sequence of this gene is described in E. ResendeZ et a1., 
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Mol. Cell. Biol., 5, pp. 1212-19 (1985), the disclosure of 
Which is herein incorporated by reference. 

[0077] JUN and FOS, Which are described above, both 
contain protein stress-responsive elements that are induced 
by heat. 

[0078] The HSP70 gene encodes the heat shock protein 70 
and is induced by heat, denatured proteins, amino acid 
analogues, heavy metals, anoXia and inhibitors of energy 
metabolism [D. D. Mosser et al, Mol. Cell. Biol., 8, pp. 
4736-44 (1988)]. The sequence of this gene is described in 
C. Hunt and R. I. Morimoto, Proc. Natl. Acad. Sci USA, 82, 
pp. 6455-59 (1985), the disclosure of Which is herein 
incorporated by reference. 

[0079] MT IIA, Which encodes metallothionine IIA, is 
induced by heavy metals and glucocorticoids (M. Karin et 
al., Nature, 299, pp. 797-802 (1982)]. The sequence of that 
gene is described in the above reference, the disclosure of 
Which is herein incorporated by reference. 

[0080] Other promoters Which may be employed in the 
kits and methods of this invention to detect protein stress 
may be selected from those promoters listed in Table 2, 
beloW, Which respond to protein stress. In the brief descrip 
tion of each of these gene that folloWs, the document Which 
discloses the DNA sequence of the particular gene is indi 
cated in brackets. The disclosure of each of these documents 
is herein incorporated by reference. 

[0081] MT 1A [R. I. Richards et al, Cell, 37, pp. 263-72 
(1984)] and MT III [R. D. Palmitter et al., Proc. Natl. Acad. 
Sci. USA, 89, pp. 6333-37 (1992)] each encode a metal 
lothionein gene that is induced by the heavy metal, cad 
mium. GP contains an element that responds to the protein 
damaging heavy metal, selenium. 

[0082] The preferred promoters and response elements 
Which respond to energy/ionic stress in the methods and kits 
of this invention are the promoters of the FOS and GRP78 
genes and the CRE response element. 

[0083] FOS, Which is described above, contains the cAMP 
response element (“CRE”) J. Roesler et al., J. Biol. 
Chem, 263, pp. 9063-9066 (1988)]. 

[0084] GRP78, Which is also described above, contains an 
energy/ionic stress responsive element that responds to 
calcium ionophores. 

[0085] CRE is the cAMP response element. It is an energy/ 
ionic stress-sensitive response element Which responds to 
increased levels of cAMP [J . Roesler et al., J. Biol. Chem., 
263, pp. 9063-66 (1988), the disclosure of Which is herein 
incorporated by reference.] 
[0086] Other energy/ionic stress promoters that may be 
employed in the kits and methods of this invention are listed 
in Table 2, beloW. In the brief description of each of these 
gene that folloWs, the document Which discloses the DNA 
sequence of the particular gene is indicated in brackets. The 
disclosure of each of these documents is herein incorporated 
by reference. 

[0087] TWo cytochrome P450 genes—CYP11B2 Which is 
induced by cAMP; and CYP2E1, Which is induced by 
ethanol—contain energy/ionic stress responsive elements. 
2‘-5‘ AS contains an element Which responds to energy\onic 
stress induced by ethanol. DBH, Which encodes dopamine 
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[3-hydroXylase [B. Grima, Nature, 326, pp. 707-11 (1987)] 
and TH, Which encodes tyrosine hydroXylase [A. Lamour 
ouX et al., EMBO J., 6, pp. 3921-37 (1987)] are both induced 
by membrane depolariZation. ODC, Which encodes orni 
thine decarboXylase, is induced by osmotic shock [N. J. 
Hickok et al., DNA, 6, pp. 179-87 (1987)]. G6PD encodes 
glucose-6-phosphate dehydrogenase and is induced by ATP 
depletion. PKC contains an energy/ionic stress-responsive 
element Which is induced by Na/K AT Pase depletion. 
PVALB encodes parvalbumin and is induced by calcium 
ions [C. Lutum et al. GenBank Accession number X63070]. 
Stromelysin-1 contains an energy/ionic stress-responsive 
element Which is induced by calcium ionophores. 

TABLE 2 

Other Mammalian Stress Promoters 

Energy/ 
Promoter RedoX DNA Protein ionic 

UGT 
CYP11B2 
Cu.ZnSOD 
MnSOD 
NMO 1 
ALDH 2 
ADPRT 
GP 
GAS 2, 3 
EGR-1 
MGMT 
DNA Pol 
beta-pol 
DHFR 

PCNA 
PGHS 
LOX 
ISG15 
DRA 
MDR-1 
2'—5' AS 
FAOXase 
PBE 
PPAR 
MT 1A/IIIA X 
TH 
DBH 
ODC 

PKC 
PVALB 
Stromelysin-l X 
GST2 
GAPDH 

NQO 
PCNA 
ARE 

X 

[0088] Because response elements can only be isolated 
from the promoters Which contain them by recombinant 
DNA methods, the use of such elements in the kits and 
methods of this invention is limited to embodiments utiliZ 
ing promoter-heterologous gene constructs. 
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[0089] In order to operatively link a response element to a 
heterologous gene, it must ?rst be ligated to a minimal 
promoter. A minimal promoter is one Which constitutively 
causes a basal eXpression of a gene operatively linked 
thereto. Preferred minimal promoters are the SV40 minimal 
promoter, the TK minimal promoter or the [3-interferon 
minimal promoter. These minimal promoters are Well 
knoWn in the art. This minimal promoter/response element 
construct is then operatively linked to the heterologous gene 
by Well-knoWn recombinant DNA methods. 

[0090] Many of the above described promoters, or func 
tional equivalents thereof, are present in other eukaryotes, 
such as nematodes, yeast, insects, reptiles, amphibians and 
plants. 

[0091] For eXample, yeast contain a metallothionein gene, 
CUP, that responds to protein stress induced by eXposure to 
heavy metals [T. R. Butt et al., Gene, 27, pp. 23-33 (1984); 
T. R. Butt et al., Proc. Natl. Acad. Sci. USA, 81, pp. 3332-36 
(1984)]. Yeast also contain equivalents of the HSP70 and 
GRP 78 genes A. Craig, In Stress Proteins In Biology 
And Medicine, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, pp. 301-21 (1990); W. R. Boorstein et 
al., J. Biol. Chem, 265, pp. 18912-21 (1990); and M. D. 
Rose et al., Cell, 57, pp. 1211-21 (1990)]. Alcohol dehy 
drogenases, a family of yeast genes that are induced by 
alcohol, an energy/ionic stress have also been sequenced [T. 
Young et al., Basic Life Sci., 19, pp. 335-361 (1982)]. 

[0092] Also, a large number of DNA stress genes have 
been identi?ed and sequenced in yeast. These include MAG, 
the methyladenine DNA glycosylase, and MGT1, Which 
respond to DNA alkylation damage Xiao et al., Mol. 
Cell. Biol, 13, pp. 7213-21 (1993)]; RADSl, RAD54, 
RAD6, RAD23, RAD2, RAD18 and RAD7, all of Which 
respond to DNA strand breaks [G. Basile et al., Mol. Cell. 
Biol., 12, pp. 3235-46 (1992); G. M. Cole et al., Mol. Cell. 
Biol., 9, pp. 3314-3326 (1989); K. Madura et al., Nucleic 
Acids Res., 18, pp. 771-78 (1990); Nucleic Acids Res., 18, 
pp. 4737-42 (1990); K. Madura et al.,]. Bacteriol, 166, pp. 
914-23 (1990); J. S. Jones et al., NucleicAcids Res., 19, pp. 
893-98 (1991); J. S. Jones et al., NucleicAcids Res., 18, pp. 
3281-85 (1990)]; PHRl which is induced by DNA damaging 
agents [J. B. Sebastion et al., Mol. Cell. Biol., 10, pp. 
4630-37 (1990)]; RNR2 and RNR3, the yeast ribonucleotide 
reductases, Which are induced by DNA damage [S. J. 
Elledge et al., Mol. Cell. Biol., 9, pp. 5373-86 (1989); S. J. 
Elledge et al., Gene Dev., 4, pp. 740-51 (1990); Z. Zhou et 
al., Genetics, 131, pp. 851-66 (1992)]; CDC9, the yeast 
DNA ligase [T. A. Peterson et al., Mol. Cell. Biol., 5, pp. 
226-35 (1985)]; UBI4, another gene that responds to DNA 
damage [J. M. Treger et al., Mol. Cell. Biol., 8, pp. 1132-36 
(1988)]; and DDR48, a gene Which responds to mutagens [J . 
M. Treger et al., Mol. Cell. Biol., 10, pp. 3174-84 (1990)]. 
In addition, several other DNA stress genes have also been 
identi?ed in yeast [G. W. Robinson et al., Proc. Natl. Acad. 
Sci. USA, 83, pp. 1842-46 (1986); S. W. Ruby et al., Mol. 
Cell. Biol., 5, pp. 75-84 (1985); E. C. Friedberg, Microbiol. 
Rev, 52, pp. 70-102 (1988); T. McClanahan et al., Mol. Cell. 
Biol., 4, pp. 2356-2363 (1984)]. 

[0093] The appropriate combination of any or all of these 
promoters, as Well as other knoWn yeast stress promoters, 
may be utiliZed in the methods and kits of this invention. It 
Will be understood that if yeast stress promoters are 
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employed, yeast hosts are preferred and should be groWn 
under conditions appropriate for such a host. Such condi 
tions are Well knoWn in the art. 

[0094] The most preferred kits and methods Which utiliZe 
oligonucleotides to detect toXicity comprise the folloWing 
stress promoters: ALDH1, CYP1A1, FOS, GADD153, 
HMO, HSP70, JUN and MTIIA. The most preferred kits and 
methods Which utiliZe reporter gene eXpression to detect 
toxicity comprise the folloWing stress promoters and 
response elements: CY1A1, GST Ya, GADD45, FOS, XHF, 
HSP70, MT IIA, GADD153, CRE, XRE, NFkBRE, RARE 
and p53RE. 

[0095] According to another embodiment of this inven 
tion, the diagnostic kits and methods additionally employ at 
least one cell surface receptor-mediated stress promoter. 
Such kits and methods are particularly useful for determin 
ing and characteriZing the toXicity of a compound on exter 
nal organs, such as skin, the eye or mucous membranes. The 
use of cell surface receptor-mediated stress promoters 
alloWs for the detection of compounds Which can cause local 
irritation or in?ammation of such eXternal organs. 

[0096] Irritants and in?ammatory agents may cause sub 
lethal cell injury that cannot be detected histologically. Such 
toXins Would not be toXic to an animal as a Whole in a classic 
sense and thus may escape detection by methods such as live 
animal testing. The use of cell surface receptor-mediated 
stress promoters in the kits and methods of this invention 
alloW for the detection and characteriZation of such local 
irritants or inflammatory agents, as Well as the ability to 
distinguish betWeen the tWo on a subcellular level—some 
thing that Whole animal testing cannot achieve. 

[0097] The preferred cell surface receptor-mediated stress 
promoters for use in such kits are selected from the promot 
ers of the IL-1 alpha, G-CSF, GM-CSF, TNF-alpha, IL-3, 
IL-6, IL-8, ICAM-1 and stromelysin-1 genes. 

[0098] The Interleukin (IL)-1 alpha gene encodes a cytok 
ine that is induced by mitogens, lipopolysaccharide (LPS), 
PMA, silica, other cytokines, and UVB irradiation [T. A. 
Luger et al.,]. Invest. Dermatol, 95, pp. 100S-104S (1990)]. 
The sequence of that gene is described in Y Furutani et al., 
Nucleic Acids Res., 14, pp. 3167-79 (1986), and the disclo 
sure of Which is herein incorporated by reference. 

[0099] The granulocyte colony stimulating factor (G-CSF) 
gene produces a protein that is induced by endotoXin, 
interferons, and PMA [T. A. Luger et al., J. Invest. Derma 
tol., 95, pp. 100S-104S (1990)]. The sequence of this gene 
is described in S. Nagata et al., EMBO J., 5, pp. 575-581 
(1986), the disclosure of Which is herein incorporated by 
reference. 

[0100] The granulocyte macrophage colony stimulating 
factor (GM-CSF) gene encodes a protein that is produced in 
response to the same stimuli as G-CSF (T. A. Luger et al., 
supra). The sequence of this gene is described in S. Miyatake 
et al., EMBO J., 4, pp. 2561-2568 (1985), the disclosure of 
Which is herein incorporated by reference. 

[0101] The tumor necrosis factor (TNF) alpha gene 
encodes a protein that is induced by IL-1 alpha and IFN 
gamma [B. J. Nickoloff et al., J. Invest. Dermatol, 94, pp. 
151S-157S (1990)]. The sequence of this gene is described 














































