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RNA BOASSAY 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/437,533 filed Dec. 31, 2002. 

FIELD OF THE INVENTION 

0002 The present invention relates to methods for evalu 
ating the cell damaging potential of an agent by determining 
the ability of the agent to increase messenger RNA release 
in cells. 

BACKGROUND OF THE INVENTION 

0003. In the pharmaceutical field, great efforts are being 
made to minimize the toxicological potential of pharmaceu 
tical agents. Among the risks associated with exposure to 
toxic agents is the possibility of causing injury or death to 
cells of the body, which can result in damage to Vital organs. 
0004) Mandel and Metais (1948) reported the discovery 
of extracellular nucleic acids in human plasma. 
0005 Lo, K. W. et al. (1999) and Kopreski, M. et al. 
(1999) have both reported the detection of tumor derived 
RNA in the plasma of cancer patients. 
0006 Chen, X. Q. et al. (2000) have proposed the use of 
telomerase RNA as a detection marker in the serum of breast 
cancer patients. 
0007 Poon, L. L. et al. (2000) have reported the presence 
of fetal RNA in maternal plasma. 
0008 U.S. Pat. No. 6,329,179 discloses the use of tumor 
derived or associated extracellular RNA found circulating in 
the plasma or Serum fraction of blood for the detection, 
monitoring, or evaluation of cancer or pre-malignant con 
ditions. 

0009 U.S. Pat. No. 6,156,504 discloses the detection, 
identification, or monitoring of the existence, progression or 
clinical Status of benign, pre-malignant, or malignant neo 
plasms in humans or animals that contain a mutation asso 
ciated with the neoplasm through detection of the mutated 
nucleic acid of the neoplasm in plasma or Serum fractions. 
0010 U.S. Pat. No. 6,020,124 discloses the detection of 
Soluble DNA for mutated genes and oncogenes in biological 
fluids. 

0.011 AS RNA is considered to be labile, researchers have 
examined possible mechanisms by which RNA in human 
plasma is protected from degradation. Hasselmann, D. O. et 
al. (2001) have reported that in an in vitro model, mRNA 
within apoptotic bodies released by melanoma cells was 
protected from degradation when incubated in human 
SCU. 

0012 Ng, E. K. O. et al. (2002) have reported that a 
Substantial portion of plasma mRNA is particle-associated. 

0013 Tsui, N. B. Y., et al (2002) have examined the 
stability of endogenous and added RNA in blood, serum and 
plasma. 

0.014 Conventional methods available for determining 
whether an agent causes tissue and cell damage include 
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biochemical methods that measure markers of cell damage. 
For example, the enzymes, ALT, AST and 5"NT may be used 
as indicators of damage to liver cells (Duncan, J. R. et al. 
(1994)). These enzymes, which are normally found in liver 
cells, are released when liver cells are damaged and may 
then be detected in the blood. However, the ability to use 
Such indicators for early detection depends upon a number 
of factors, including the rapidity of enzyme release and the 
sensitivity of detection. Traditional methods are thus rela 
tively insensitive and non-specific. Hence, there exists a 
growing interest to uncover additional early biological indi 
cators or biomarkers of toxicity. 

SUMMARY OF THE INVENTION 

0015. One aspect of this invention provides methods for 
evaluating an agent comprising treating one or more cells 
with an agent and measuring the effect of the agent on the 
amount of RNA released by the cells. In one embodiment of 
this aspect, the method further comprises characterizing the 
agent as an agent that is likely to cause cell injury, wherein 
the injury is characterized by increased RNA release, pro 
vided the amount of RNA released by the cells has 
increased. In another embodiment of this aspect of the 
invention, the cells comprise one or more cells of mamma 
lian origin, preferably of human origin. 
0016. Another aspect of this invention provides methods 
for evaluating the cell-protective characteristics of an agent 
comprising: treating one or more cells with a first agent that 
causes cell injury, wherein the injury is characterized by 
increased RNA release from the injured cells, treating the 
cell with a Second agent; and measuring the effect of the 
Second agent in reducing the amount of RNA release by the 
cells that is caused by the first agent. In one embodiment of 
this aspect of the invention, the method further comprises 
characterizing the Second agent as an agent that is likely to 
protect the cells from cell injury by a cell injury causing 
agent, wherein the cell injury is characterized by increased 
RNA release, provided the amount of RNA released by the 
cells has increased. In another embodiment of this aspect of 
the invention, the cells comprise one or more cells of 
mammalian origin, preferably of human origin. 
0017. An additional aspect of this invention provides 
methods of evaluating the effect of an agent on a Subject 
comprising treating a Subject with an agent; and measuring 
the effect of the treatment in increasing release into the blood 
of one or more RNA markers. 

0018. In one embodiment of the methods of this inven 
tion, the measurement of the effects on RNA release com 
prises measuring the effect of the agent on the quantity of 
one or more RNA markers. 

0019. In another embodiment of the invention, the mea 
surement of levels of RNA release comprises RT-PCR. 
0020. In a further embodiment of the methods of the 
invention, the RNA markers are selected from albumin, 
cardiac actin, troponin T, SM22, Smooth muscle actin, 
kidney androgen Specific protein, Tamm-Horsfall protein 
and aquaporin-2. 
0021. In yet another embodiment of the methods of this 
invention comprising treating one or more cells with an 
agent, the cells are of mammalian liver, heart, Smooth 
muscle or kidney origin. 
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0022 Definitions 
0023 The terms used herein have their usual meaning in 
the art. However, to even further clarify the present inven 
tion and for convenience, the meaning of certain terms and 
phrases employed in the Specification, including the 
examples and appended claims are provided below. 
0024 “Agent” means a chemical, biological or physical 
means for producing an effect. An agent may be one or a 
combination of two or more chemical or biochemical Sub 
stances, biological pathogens or physical perturbations. 

0.025 “Albumin” means a protein expressed in the liver, 
or whose corresponding mRNA is expressed in the liver, that 
is encoded by a nucleotide Sequence having a nucleotide 
identity of 70% or greater to the nucleotide sequence of 
accession number BCO34026, and which includes the albu 
min nucleotide Sequences having the accession numbers 
provided below. 
0.026 “Aquaporin-2” means a protein expressed in the 
kidney, or whose corresponding mRNA is expressed in the 
kidney, that is encoded by a nucleotide Sequence having a 
nucleotide identity of 70% or greater to the nucleotide 
sequence of accession number HS2AQP2, and which 
includes the aquaporin-2 nucleotide Sequences having the 
accession numbers provided below. 
0.027 “Cardiac actin” means a protein expressed in the 
heart, or whose corresponding mRNA is expressed in the 
heart, that is encoded by a nucleotide sequence having a 
nucleotide identity of 70% or greater to the nucleotide 
sequence of accession number HUMACTCA2, and which 
includes the cardiac actin nucleotide Sequences having the 
accession numbers provided below. 
0028 “Kidney androgen specific protein' means a pro 
tein expressed in the kidney, or whose corresponding mRNA 
is expressed in the kidney, that is encoded by a nucleotide 
Sequence having a nucleotide identity of 70% or greater to 
the nucleotide sequence of accession number RNU25808. 
0029) “Nucleotide identity” means the sequence align 
ment of a nucleotide Sequence calculated against another 
nucleotide Sequence, e.g. the nucleotide Sequence of human 
megalin. Specifically, the term refers to the percentage of 
residue matches between at least two nucleotide Sequences 
aligned using the standardized CLUSTALW algorithm. This 
algorithm may insert gaps in the Sequences being compared 
in a Standardized and reproducible manner in order to 
optimize alignment between the Sequences, thereby achiev 
ing a more meaningful comparison. Percent identity 
between nucleotide Sequences is preferably determined 
using the default parameters of the CLUSTALW algorithm 
as incorporated into the version 5 of the MEGALIGNTM 
Sequence alignment program. This program is part of the 
LASERGENETM Suite of molecular biological analysis pro 
grams (DNASTAR, Madison Wis.). CLUSTAL W is 
described in Thompson 1994). 
0030) “Nucleotide sequence” and “polynucleotide" 
means DNA or RNA, whether in single-stranded or double 
stranded form. The term “complimentary nucleotide 
Sequence” means a nucleotide sequence that anneals (binds) 
to a another nucleotide Sequence according to the pairing of 
a guanidine nucleotide (G) with a cytidine nucleotide (C) 
and adenosine nucleotide (A) with thymidine nucleotide (T), 
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except in RNA where a T is replaced with a uridine nucle 
otide (U) so that U binds with A. 
0031 “Pathological state” means a state of biological 
abnormality and includes abnormal States of an organ, tissue 
type or cell type. The term includes abnormality regardless 
of the cause, and may include diseases, arising, for example, 
from physiological abnormalities, a genetic abnormalities or 
pathogenic agents, physical injuries, or toxicities caused by 
Xenobiotic agents. 
0032) “Release” means to permit to escape, to excrete or 
to expel, whether by active or passive means. 
0033). “RNA marker” means an RNA polynucleotide, or 
a fragment thereof, having a specific Sequence that is tran 
scribed from the DNA genetic information of a cell. The 
term RNA marker includes mRNA polynucleotides, or frag 
ments thereof, that have been processed by a cell, for 
example, by 5' capping, RNA splicing and 3' polyadenyla 
tion, following copying from the corresponding DNA 
sequence. When “RNA marker” is preceded by the name of 
an organ, tissue type or cell type (e.g., "liver RNA marker'), 
the term means that the RNA marker is transcribed in that 
organ, tissue type or cell type. For the purposes of this 
invention, such use of the term would preferably refer to 
RNA markers which are transcribed only in the designated 
organ, tissue type or cell type. However, the term also 
includes an RNA marker that can be used to identify the 
particular organ, tissue type or cell type of interest within the 
context of the invention. For example, in the methods of this 
that involve characterizing a pathological State of the liver 
by measuring a liver RNA marker in blood, the particular 
RNA marker does not have to be one exclusively expressed 
in liver, provided any expression, for example, in a Second 
organ or tissue, is unlikely to be detected in blood as a result 
of pathology of that Second organ or tissue. 
0034) “SM22 means a protein expressed in the Smooth 
muscle, or whose corresponding mRNA is expressed in the 
Smooth muscle, that is encoded by a nucleotide Sequence 
having a nucleotide identity of 70% or greater to the 
nucleotide sequence of accession number D17409, and 
which includes the SM22 nucleotide sequences having the 
accession numbers listed in provided below. 
0035 “Troponin T” means a protein expressed in the 
heart, or whose corresponding mRNA is expressed in the 
heart that is encoded by a nucleotide Sequence having a 
nucleotide identity of 70% or greater to the nucleotide 
sequence of accession number HSCTNTAI1, and which 
includes the troponin T nucleotide Sequences having the 
accession numbers provided below. 
0036 “Tamm-Horsfall protein' means a protein 
expressed in the kidney, or whose corresponding mRNA is 
expressed in the kidney, that is encoded by a nucleotide 
Sequence having a nucleotide identity of 70% or greater to 
the nucleotide sequence of accession number HUMUMOD, 
and which includes the Tamm-Horsfall protein nucleotide 
Sequences having the accession numbers listed in provided 
below. 

0037 Abbreviations: 
0038. The abbreviations used herein have their usual 
meaning in the art. However, to even further clarify the 
present invention, for convenience, the meaning of certain 
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abbreviations are provided as follows: “C.” means degrees 
centigrade; "5"NT" means 5-nucleotidase; “ul” means 
microliter; "ALT" means alanine aminotransferase; "AST 
means aspartate transferase; "ATCC' means the American 
Type Tissue Culture Collection located in Manassas, Va. 
(website at www.atcc.org); "cDNA” means complementary 
DNA; “dL' means deciliter, “DNA” means deoxyribo 
nucleic acid; “EDTA” means ethylenediamine tetra-acetic 
acid; “EGTA” means ethylene glycol-bis(b-aminoethyl 
ether)-N,N,N',N'-tetraacetic acid; “FBS” means fetal bovine 
Serum; "g” means gram; “HO' means hydrogen peroxide; 
“LDH means lactate dehydrogenase, “kg” means kilogram; 
“NaOH” means sodium hydroxide; “MEM” means Modi 
fied Eagle's Medium; “mRNA' means messenger RNA; 
“mg” means milligram; “mL means milliliter, “ng” means 
nanogram; “PCR' means polymerase chain reaction; “PBS' 
means phosphate buffered saline; “RNA” means ribonucleic 
acid; “RPM” means revolutions per minute; and “RT-PCR” 
means reverse transcriptase polymerase chain reaction. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0039. During normal cell turnover, mammalian cells 
release RNA that is detectable in the plasma. This invention 
is based, in part, on the discovery that the release of RNA by 
cells is exacerbated by cellular injury caused by chemical 
agents, and that this effect is a useful indicator of cell injury. 
One aspect of this invention makes use of the tissue-type 
Specific and cell-type specific nature of gene transcription 
(i.e., that Some genes may be transcribed and others may 
not) and the tissue-type and cell-type specific splicing 
arrangement of certain gene transcripts. RNAS that are 
distinctive of a particular tissue-type or cell-type may be 
used as biomarkers of biological, physiological or toxico 
logical injury for Specific organs, tissueS or cell types. 
0040. The invention provides both in vivo and in vitro 
testing of potentially toxic agents, identification of thera 
peutic agents, and testing the efficacy of therapeutic agents, 
based upon the release of RNA by cells as an indicator of cell 
injury or cell death. RNA detection techniques known to 
those skilled in the art or that will be apparent based upon 
this disclosure are useful in the practice of this invention. 
0041 One embodiment provides in vitro methods for 
evaluating the cell damaging potential of an agent. Accord 
ing to these methods, cells or tissue cultures are exposed to 
one or more potentially toxic test agents. The release of RNA 
is then detected in the liquid medium Surrounding the cells. 
The toxicity of a test agent is evaluated according to its 
ability to increase the release of RNA by the cells. 
0.042 Another embodiment provides in vitro methods for 
identifying therapeutic agents. For example, cells or tissue 
cultures that are induced to undergo apoptosis (i.e., pro 
grammed cell death) may be treated with a test agent. If the 
level of released RNA of viable cells decreases over time, 
this would be an indication that the test agent inhibits the 
progression of apoptosis. 

0043. The invention also provides in vivo methods for 
evaluating the toxicity of an agent and to determine which 
organ or tissue is negatively affected by the agent. According 
to Such methods, the blood of a Subject is tested to determine 
the level of RNA specific for a particular tissue or cell type. 
The toxicity of the agent is evaluated based upon its ability 
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to cause the cellular release of RNA as measured in the 
blood of the test subject. Such methods would be useful as 
in Vivo assays for the evaluation of the toxicity of test agents, 
using, for example, test animals. The methods may also be 
used clinically to non-invasively monitor patients following 
drug treatment as an early warning of possible toxicity. 

0044) The present invention further provides non-inva 
Sive diagnostic methods for detecting tissue or organ dam 
age. Such methods are useful in the clinical Setting for the 
identification or diagnosis of disease and other pathologic 
conditions. The methods may also be used to track the 
progreSS of disease. According to Such methods, the blood of 
a Subject is tested for the presence of a tissue-type specific 
RNA. An increase in the level of RNA over time for a 
Specific tissue is indicative of disease exacerbation therein. 
Likewise, a decrease in RNA levels would indicate allevia 
tion of the disease. 

0045. In addition, the present invention provides non 
invasive diagnostic methods for evaluating the efficacy of 
therapeutic agents or methods in a Subject. According to 
such methods, a return to normal RNA levels released by 
previously injured cells of a target tissue-type will indicate 
that a therapeutic agent is having its desired effect on the 
target tissue. 
0046. It will be appreciated by those with skill in the art 
based upon the present disclosure, that any viable animal 
cell or cell line may be used for toxicity evaluation of agents 
by the in vitro methods of this invention. For example, such 
cells may be mammalian, avian, reptilian, amphibian, pis 
cinian or insect derived. It will be apparent to those with skill 
in the art that the cells for use in the methods of the invention 
will, preferably, bear a close resemblance to cells of the 
organism against which toxicity is being evaluated. For 
example, if an agent is being evaluated for possible toxicity 
in humans, it is preferable to test the agent using mammalian 
derived cells, more preferably, human derived cells. Fur 
thermore, it will be apparent to those with skill in the art that 
cells derived from a particular tissue-type or organ will be 
preferable when evaluating toxicity of that tissue-type or 
organ. For example, if an agent is being evaluated for 
possible toxicity in the liver, it is preferable to test the agent 
using liver-derived cells. 

0047 The cells used in the in vitro methods may be 
derived from any of a number of organs and/or tissueS of an 
animal. For example with respect to mammal cells, Such 
cells may be derived from endothelium, thymus, Spleen, 
bone marrow, lymphocytes, liver, kidney, heart, testis, ovary, 
heart and skeletal muscle. 

0048 Intact viable hepatocytes may be prepared, for 
example, from liver tissue of laboratory animals or donated 
human livers by methods known in the art, including those 
described in Maines et al. (1998). Hepatocytes may be 
prepared by a two-step collagenase digestion. In the first 
Step, tissue is perfused with a buffer containing EGTA to 
deplete the tissue of interstitial calcium and to weaken 
epithelial cell-cell adhesion. In a Second Step, a Second 
perfusion buffer is used containing collagenase, which 
digests intercellular collagen, eventually leading to the com 
plete digestion of cell-cell contacts. 
0049. In a preferred embodiment utilizing a mammalian 
cell line, the cells are prepared prior to treatment with a test 
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agent by developing a culture of the cells. AS is well known 
by those with skill in the art, culture conditions will vary 
depending upon the cell types used. For example, when 
using a cell line, the cells are routinely allowed to grow until 
they reach a density of 50-100% confluency. Confluency is 
measured by Visually estimating the number of cells that are 
in contact with each other. For example, if cells have reached 
a density where there is no space between them, this is 
considered 100% confluency. 

0050 AS will be apparent to those with skill in the art 
based upon the present description, the desired density will 
depend upon many factors, including the types of cells and 
growing conditions used and treated with varying concen 
trations of the test agent. As those with skill in the art will 
appreciate based upon the present disclosure, for any given 
test agent the concentration range will vary depending upon 
the cell type and test agent used, but should be between Zero 
and that concentration which results in cell death. The period 
of exposure will generally range from between about five 
minutes to about 48 hours, preferably about two hours to 
about 32 hours. As will be apparent to those with skill in the 
art based upon the present description, the optimal period of 
exposure will depend upon many factors, including the types 
of cells used and the physical and chemical characteristics of 
the test agent. 
0051. Additional methods and techniques for culturing 
mammalian cells are well known to those with skill in the 
art. General methods of cell culture preparation and handling 
are described in Bonifacino et al. (1998). See also Freshney, 
R. I. (1993). 
0.052 In the practice of the in vitro methods of this 
invention, RNA release by cells is detected by methods 
known to those with skill in the art, based upon the present 
description. Generally, the detection of RNA involves a 
multi-step proceSS which includes, extraction, amplification 
and detection, as described below. 

0053) The in vivo methods of the invention may be 
utilized with any vertebrate Subject, including, for example, 
a mammalian, avian, reptilian, amphibian or piscinian Sub 
ject. Preferably a mammalian Subject is used, including, for 
example a dog, cat, bovine, horse, rabbit, mouse, rat or 
primate. 

0054. In the practice of the in vivo methods of this 
invention, blood is drawn from a subject by standard meth 
ods known to those with Skill in the art, into a collection 
tube, preferably Siliconized glass, either with or without 
anticoagulants. For the preparation of plasma, blood is 
preferably stored with EDTA, sodium citrate, heparin, or 
Similar anticoagulants. Preferably, blood is collected into 
tubes containing EDTA and stored unfractionated at 4 C. 
Alternatively, unprocessed clotted blood without anticoagul 
lant for preparation of serum should be stored at 4 C. and 
processed within Six hours. Regardless of method used, 
blood is best processed for analysis of RNA content as soon 
as possible, preferably within Six hours So as to avoid 
degradation or additional release of RNA, thereby affecting 
the accuracy of the results. 
0.055 For long-term storage, plasma or serum is prefer 
ably fractionated from whole blood and then frozen. This 
reduces the possibility of extraneous intracellular RNA 
released from the lysis of frozen and thawed cells, or, with 
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respect to the use of PCR amplification, the release of 
inhibitors to PCR such as porphyrins and hematin, which 
might reduce the sensitivity of quantification of RNA. 
Plasma or serum may be fractionated from whole blood by 
centrifugation, using preferably gentle centrifugation at 
about 300 to 800 times gravity for about five to ten minutes, 
or fractionated by other Standard methods. Since heparin 
may interfere with RT-PCR, use of heparinized blood may 
require deactivation of heparinase by methods known to 
those skilled in the art. 

0056 Generally, the detection of RNA for the practice of 
the in vitro and in vivo methods of this invention entails a 
multi-step process: (1) extraction of RNA, (2) amplification, 
which may involve reverse transcription of RNA to its 
cDNA; and (3) detection. While not intended as a commit 
ment to any particular theory or mechanism, it is believed 
that eXtracellular RNA is present extracellularly as protein 
RNA, lipoprotein-RNA complexes, lipid-RNA or DNA 
RNA complex, and that Such complexing may interfere with 
amplification and detection of RNA levels. Hence, it is 
preferable according to this theory to use an extraction Step 
in order to dissociate the RNA from its associated com 
plexes, prior to amplification and detection. 

0057 Any of a number of nucleic acid extraction meth 
ods known to those with skill in the art may be used in the 
practice of the invention. Although many of the published 
methods are intended for extraction of intracellular RNA, 
they may be used as described in the literature or with 
modification that will be apparent to those with skill in the 
art, based on the present disclosure. For example, extracel 
lular RNA may be extracted using Silica particles, glass 
beads, or diatoms, as in methods described in Boom et al. 
(1990) or Cheung et al. (1994). 
0058. In an exemplary method for extracting RNA from 
cell growth media for the in vitro methods of the invention, 
the media that has been separated from the cells by methods 
well known in the art (for example, by centrifugation or 
filtration) are treated with an RNA stabilizing agents, Such as 
a chaotropic Substance, for example, guanidimium (iso)thio 
cyanate as described in U.S. Pat. No. 5,234,809. The RNA 
is then bound to a Solid binding agent, Such as Silica 
particles. The RNA-solid phase may then be separated from 
the liquid phase by filtration. The RNA may then be eluted 
from the Silica particles using the RNA may be eluted using 
a buffer consisting of 10 mM Tris-HCl, one mM EDTA (pH 
8.0). 
0059. In an exemplary extraction method from blood, 
about 100 to 250 ml of cell free plasma or serum are mixed 
with 40 microliters of an aqueous Silica Suspension, pre 
pared as described below, and about 900 microliters of lysis 
buffer, prepared as described as described below, and mixed 
at room temperature for about 10 minutes. The mixture is 
then centrifuged at 12,000xg for one minute and the Super 
natant is removed. The resulting silica-RNA pellet is then 
washed twice with about 450 microliters of a washing buffer, 
prepared as described below, followed by about one ml of 
70% (vol/vol) ethanol. Finally, the pellet is wash with one ml 
acetone and dried at about degrees 56° C. for about 10 
minutes. RNA is then eluted from the silica pellet by 
suspending in about 20 to 50 microliters of diethyl procar 
bonate-treated water at 56° C. for about 10 minutes followed 
by centrifugation at about 12,000 times gravity for about 
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three minutes. Alternatively, the RNA may be eluted using 
a buffer consisting of 10 mM Tris-HCl, one mM EDTA (pH 
8.0) and an RNase inhibitor (e.g., RNAsin(R), Promega, 
Madison Wis.), with or without a proteinase, Such as pro 
teinase K, according to the method described in Boom et al. 
(1991). The resulting RNA containing supernatant is recov 
ered for amplification and detection. 
0060 Prior to amplification and detection, it may be 
desirable to further purify the RNA by removal of trace 
DNA. Further purification may be accomplished using 
DNase according to methods described in Rashtchian, A. 
(1994). 
0061 The aqueous silica Suspension described above 
may be prepared by Suspending 60 grams of Silicon dioxide 
(Sigma-Aldrich Corp., St. Louis, Mo.) in 500 ml of dem 
ineralized sterile double-distilled water. The suspension is 
then allowed to settle for about 24 hours at room tempera 
ture. The Supernatant is removed and the particles are 
resuspended in demineralized, Sterile double-distilled water 
added to equal a volume of 500 milliliters. Once the sus 
pension has settled, about 440 milliliters of the Supernatant 
is removed and the the pH of the Suspension is adjusted to 
about and pH 2 using hydrochloric acid. 
0062) The lysis buffer described above is prepared by 
dissolving 120 grams of guinidine thiocyanate into 100 ml 
of 0.1 M Tris hydrochloride (Tris-HCl) (pH 6.4), and 22 
milliliters of 0.2 M EDTA, adjusted to pH 8.0 with NaOH, 
and 2.6 grams of Triton X-100 (Sigma-Aldrich Corp.). 
0.063. The washing buffer described above is prepared by 
dissolving 120 grams of guinidine thiocyanate into 100 
milliliters of 0.1 M Tris-HCl (pH 6.4). 
0064. In a preferred method of RNA extraction from 
blood, a PAXgene TM Blood RNA kit (cat. no. 762132, 
Qiagen Inc., Valencia, Calif.) is used to extract RNA using 
a Silica-gel-membrane System. In this method, blood 
Samples are centrifuged to pellet nucleic acids and the pellet 
is washed and treated with proteinase K. Ethanol is added 
and the Sample is applied to a spin column containing an 
RNA selectively binding silica-gel membrane. Following 
centrifugation to remove impurities, the RNA is eluted with 
an optimized buffer. In a preferred method of RNA extrac 
tion from the Supernatants derived from the in vitro methods 
of this invention, an RNeasyTM kit (cat. no. 74124, Qiagen 
Inc., Valencia, Calif.) is used to extract RNA using a 
silica-gel-membrane system similar to the PAXgene TM 
Blood RNA kit described above. 

0065. Alternative methods may be used to extract RNA, 
including but not limited to centrifugation through a cesium 
chloride gradient, for example, as described by Chirgwin et 
al. (1979), and co-precipitation of extracellular RNA from 
plasma or Serum with gelatin, for example, as generally 
described in Fournie et al. (1986). Other methods of RNA 
extraction will be apparent to those skilled in the art based 
upon the present disclosure. 
0.066 RNA which has been extracted, as described above, 
may be amplified using a nucleic acid amplification assay. 
Any nucleic acid amplification assay capable of permitting 
detection of small numbers of RNA molecules may be used 
in the practice of the invention. Applicable assays include, 
but are not limited to, reverse transcriptase polymerase chain 
reaction (RT-PCR), ligase chain reaction (See, for example, 
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Abravaya, K. et al. (1995), branched DNA signal amplifi 
cation (see, for example, Jrdea, M. S. et al. (1993)), isother 
mal nucleic acid sequence based amplification (NASBA) 
(see, for example, Kievits, T. et al. (1991)), and other 
Self-Sustained Sequence replication assayS. 

0067. The preferred embodiment for amplification of 
RNA for this invention is through the use of RT-PCR. 
Methods for amplification of RNA using RT-PCR are well 
known to those with skill in the art and are well described 
in the literature (see, for example, Ausubel et al. (1994) and 
Innis et al. (1990)). 
0068 The choice of primers that are to be used for 
amplification and probes for detection of the amplification 
product, for example, by RT-PCR, will depend upon the 
types of cells that are evaluated through the methods of the 
invention. For the in vitro methods of this invention, Such 
evaluation involves the use of cell cultures comprising one 
or more cell types. For the in vivo methods, the evaluation 
may involve a large number of different cell types within the 
body of a subject. 

0069. Accordingly, sets of probes and primers should 
target one or more transcribed genes of Such cells Such that 
the transcription thereof may be used to identify those cells. 
Preferably, such probes and primers will target RNAS that 
are unique to the particular cells-type. It is also preferable 
that Such genes be transcribed at a relatively high level, and 
preferably continuously, regardless of the State of the cell or 
conditions affecting the cell. 

0070 Any suitable transcribed gene may be used to 
construct Such probes and primers. For example, for target 
ing the liver, the albumin gene may be used. Representative 
albumin gene Sequences include gene accession numbers: 
V01222 and J00698 (rat); BC034026 (human); ABBOS 
(bovine); CAB64867 (canine); ABCHS (chicken); X78598 
and S59517 (cobra); P49064 and X84842 (feline); ABXL68, 
ABXL72, P21847 and AAD09358 (frog); JC5838 (gerbil); 
X74045 (lamprey); Q28522 (macaque); P07724 (mouse); 
M36787 (pig); P49065 (rabbit); M90463 (rhesus monkey); 
AAL56646 (salamander); ABONS1 and ABONS2 (salmon); 
and X17055 (sheep). 
0071 For targeting the heart, the troponin T gene may be 
used. Representative troponin T gene Sequences include 
gene accession numbers: RATCTTG (rat); HSCTNTAI1 
(human); AB085600 (bovine); U84037 (brown trout); 
AY005140 (canine); KO2263 (chicken); AF020946 (mouse); 
and L40178 (rabbit) 
0072 An alternative gene that may be used for targeting 
the heart is cardiac actin. Representative cardiac actin gene 
sequences include gene accession numbers: RRALPHMC 
(rat); and HUMACTCA2 (human). 
0073 For targeting the smooth muscle, the SM22 gene 
may be used. Representative SM22 gene Sequences include 
gene accession numbers: RATARSM22C (rat); D17409 
(human); M83105 (chicken); Z68618 (mouse); and 
AF053629 (pig). 
0074 An alternative gene that may be used for targeting 
the Smooth muscle is Smooth muscle actin. Representative 
Smooth muscle actin gene Sequences include gene accession 
numbers: RATACTASM (rat); and BC017554 (human). 
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0075 For targeting the kidney, the Tamm-Horsfall pro 
tein gene may be used. Representative Tamm-Horsfall pro 
tein gene Sequences include gene accession numbers: 
RATUROMOD (rat); and HUMUMOD (human). 
0.076 An alternative gene that may be used for targeting 
the kidney is acquaporin-2. Representative aquaporin-2 gene 
Sequences include gene accession numbers: AQP2 RAT 
(rat); HS2AQP2 (human); AF028005 (bovine); AY055468 
(mouse); and AF050152 (sheep). 
0.077 Yet another alternative gene that may be used for 
targeting the kidney is the kidney androgen Specific protein. 
A representative kidney androgen Specific protein gene 
sequence is gene accession number RNU25808 (rat). 
0078. The above-mentioned genes are for illustrative 
purposes only. These lists are not intended to include all 
target genes for given tissue or cell types. Other Suitable 
gene targets will be apparent to those with skill in the art 
based upon the present disclosure. 
0079 Methods for preparing and using probes and prim 
erS are well known in the art, and are described, for example, 
in Sambrook et al. (1989), Ausubel et al. (1994) and Innis et 
al. (1990). PCR primer pairs can be derived from known 
Sequences, for example, by using computer programs 
intended for that purpose such as Primer (Version 0.5, 1991, 
Whitehead Institute for Biomedical Research, Cambridge 
Mass.). 
0080 Oligonucleotides for use as primers are selected 
using software known in the art for such purpose. For 
example, OLIGO(R) version 6 software (Molecular Biology 
Insights, Inc., Cascade, Colo., www.oligo.net) is useful for 
the selection of PCR primer pairs of up to 100 nucleotides 
each, and for the analysis of oligonucleotides and larger 
polynucleotides of up to 5,000 nucleotides from an input 
polynucleotide Sequence of up to 32 kilobases. Similar 
primer Selection programs have incorporated additional fea 
tures for expanded capabilities. For example, the PrimOU 
primer Selection program (available to the public from the 
Genome Center at University of Texas, South West Medical 
Center, Dallas TeX., ftp://ftp.genome.ou.edu/pub/programs/ 
primou. Src.tar) is capable of choosing specific primers from 
megabase Sequences and is thus useful for designing primers 
on a genome-wide scope. The Primer3, version 0.9, primer 
selection program (available to the public from the White 
head Institute/MIT Center for Genome Research, Cam 
bridge Mass., http://www-genome. Wi.mit.edu/qenome Soft 
ware/other/primer3.html) allows the user to input a 
"mispriming library,” in which Sequences to avoid as primer 
binding Sites are user-specified. Primer3 is useful, in par 
ticular, for the Selection of oligonucleotides for microarrayS. 
(The Source code for the latter two primer Selection pro 
grams may also be obtained from their respective Sources 
and modified to meet the user's specific needs.) The 
PrimeGen program (available to the public from the UK 
Human Genome Mapping Project ReSource Centre, Cam 
bridge UK, http://www.hgmp.mrc.ac.uk/Registered/Option/ 
primegen.html) designs primers based on multiple sequence 
alignments, thereby allowing Selection of primers that 
hybridize to either the most conserved or least conserved 
regions of aligned nucleic acid Sequences. Hence, this 
program is useful for identification of both unique and 
conserved oligonucleotides and polynucleotide fragments. 
Other oligonucleotide Selection methods will be apparent to 
those with skill in the art based upon the present description. 
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0081) RNA that has been extracted and/or amplified, as 
described above, may be detected using a detection method. 
Methods of RNA detection are well known by those with 
skill in the art, and are described, for example, in Sambrook 
et al. (1989), Ausubel et al. (1994) and Innis et al. (1990). 
0082) A preferred detection system uses real-time detec 
tion of RNA during PCR cycles using an integrated thermal 
cycler, a fluorescence inducing light Source and detector. An 
exemplary instrument to perform Such detection is the ABI 
PRISM(R) 7700 Sequence Detection System (Applied Bio 
systems, Foster City, Calif.). 
0083) Alternative methods for detection of RNA will be 
apparent to those with skill in the art based upon the present 
description. Such methods may include, for example, gel 
electrophoresis followed by southern blot analysis (see, for 
example, Nguyen, T. D. (1989)), ELISA detection methods 
(see, for example, Landgraf, A. et al. (1991), Coutlee, F. et 
al. (1989) and Bobo, L. et al. (1990)) and methods using 
electrochemiluminescence detection (See, for example, 
Blackburn, G. F. (1991) and DiCesare, J. et al. (1993)). 
Electrophoresis detection methods may involve a compari 
son of bands of two or more RNA populations. Bands 
present on an autoradiograph of one gel from one RNA 
population, and not present on another, correspond to the 
presence of a particular RNA in one population and not in 
the other, and thus indicate a gene that is likely to be 
differentially expressed (see, for example, Williams, J. G. 
(1990), Welsh, J. et al. (1990), Woodward, S. R. (1992), 
Nadeau, J. H. (1992), Liang, P. et al. (1992), Welsh, J. et al. 
(1992) and Liang, P. et al. (1993)). 
0084 Finally, detection methods for the present invention 
may involve the use of arrays or microarrayS. Arrays and 
microarrays are Sets of distinct polynucleotides or oligo 
nucleotides Synthesized on a Substrate, Such as paper, nylon 
or other type of membrane, filter, chip, glass Slide, or any 
other Suitable Solid Support. In a preferred embodiment, 
arrays and microarrays may be prepared and used according 
to the methods described in U.S. Pat. No. 5,837,832, PCT 
Patent Application Publication Number WO 95/11995, 
Lockhart et al. (1996) and Schena, M. et al. (1996). In other 
embodiments, Such arrays are produced by the methods 
described in U.S. Pat. No. 5,807,522. 
0085. The disclosures of all patents, applications, and 
gene accession numbers (including associated information), 
publications, and documents, for example brochures or 
technical bulletins, cited herein, are hereby expressly incor 
porated by reference in their entirety. 
0086. It is believed that one skilled in the art can, using 
the present description, including the examples, drawings, 
Sequence listings and attendant claims, utilize the present 
invention to its fullest extent. The following Examples are to 
be construed as merely illustrative of the practice of the 
invention and not limitative of the remainder of the disclo 
Sure in any manner whatsoever. 

EXAMPLES 

Example 1 
In Vitro Assay of H2O. Induced Cell Damage 
Using Rat Endothelial Cells AS Measured by 
Release of Beta Actin mRNA Versus LDH 

0087 Immortalized rat endothelial cells (Catalog No. 
CRL-2222, ATCC, Manassas, Va.) were grown in Vitacell(R) 
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Dulbecco's MEM (Catalogue No. 30-2002, ATCC) supple 
mented with 64.8 mg/dl heparin (Catalogue No. H3393, 
Sigma-Aldrich Corp., St. Louis, Mo.) and 5% Gibco TM FBS 
(Invitrogen Corporation, Carlsbad, Calif.) until approxi 
mately 80% confluency was reached. The medium was 
removed from the cells and replaced with MEM without 
Supplement. Cells were incubated with H2O at final con 
centrations of 0.0003%, 0.003%, 0.01%, 0.03%, and 0.1% 
for four hours. Control cells were treated only with 10x 
stock PBS (pH 7.4) (Invitrogen Corporation). At the end of 
the treatment period, Supernatant was removed and centri 
fuged at 16,000 RPM at room temperature. The resulting 
Supernatant was separated from the cells and cell debris. The 
Supernatant was analyzed by LDH analysis, to measure 
membrane integrity as a function of the amount of LDH 
released (see, Maines et al. (1998); Putnam et al. (2002)). 
LDH analysis was performed according to manufacturer's 
instructions using an automated Boehringer Mannheim/ 
Hitachi 917 Analyzer (Roche Diagnostics Corporation, 
Indianapolis, Ind.). A portion of the Supernatant (650 ul) was 
also used for RNA extraction using the RNeasyTM mini kit 
(Qiagen Inc., Valencia, Calif.) according to manufacturer 
instructions. The Supernatant was analyzed using RT-PCR 
for presence of rat beta actin specific mRNA (accession 
numbers V01217 and J00691) using 5'-AGAGG 
GAAATCGTGCGTGAC-3' as the forward primer, 5-AT 
GCCACAGATTCCATACCA-3" as the backward primer 
and 5'-CACTGCCGCATCCTCTTCCTCCC-3' as the probe. 
RT-PCR was performed on a ABI PRISM(R) 7700 Sequence 
Detection System (Applied Biosystem). Reactions without 
template Served as negative control and rat endothelial cell 
RNA (100 ng/ul) serve as a positive control. 
0088. The results of this Example 1 appear in Table 1 
below. Table 1 shows that cell damage is detectable at much 
lower concentrations of HO, based upon the level of 
released beta actin mRNA than by the level of LDH. 

TABLE 1. 

Comparison of LDH Assay to Beta Actin mRNA RT-PCR Assay 

H.O., concentration (%) LDH (U/I) PCR Cycles Fold over control 
PBS control <5 40 1. 

O.OOO3 <5 38.56 2.5x 
O.OO3 <5 39.12 2x 
O.O1 <5 37.45 6x 
O.O3 5 32.05 247x 
O1 16 30.78 596X 

*Each PCR cycle is equivalent to a two-fold amplification of mRNA. 

0089 Example 1 illustrates the in vitro methods of this 
invention for evaluating the cell damaging effect of an agent 
on a Subject. Furthermore, Example 1 shows the advantage 
of the methods of this invention over traditional methods for 
evaluating the cell damaging effect of an agent as measured 
by LDH release. 

Example 2 

In Vivo Assay of HO Induced Cell Damage 
Using Rat Endothelial Cells AS Measured by 

Release of Beta Actin mRNA 

0090 Four male Sprague Dawley/Crl:CD(R) (SD)IGS 
BR rats (Charles River Laboratories, Wilmington, Mass.) 
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having a weight of between 250-450 g were orally admin 
istered (by gavage) 1400 mg/kg of acetaminophen (Sigma 
Aldrich Corp.) in 0.5% methylcellulose vehicle. Four con 
trol rats were administered a quantity of methylcellulose 
vehicle (no acetominophen) having a volume approximately 
equal to that received by treated rats. After 24 hours, all rats 
were euthanized and livers were collected by necropsy. At 
necropsy, blood Samples were collected via the Vena cava 
(approximately 0.5 ml) in microtainer tubes. All livers were 
then fixed in 10% neutral buffered formalin and processed 
for histopathology by trimming trimmed, dehydrating, 
embedding in paraffin, Sectioning, mounting on glass Slides, 
and Staining with hematoxylin and eosin Stains. 
0091. The blood was analyzed for hepatocyte damage 
markers (ALT, AST and 5'NT) according to manufacturers 
instructions using an automated Boehringer Mannheim/ 
Hitachi 917 analyzer (Roche Diagnostics Corporation, 
Indianapolis, Ind.) (see, Duncan, J. R. et al. (1994)). 
0092. For RNA extraction, approximately 2.5 ml of blood 
per rat was collected in PAXgeneTM Blood RNA tubes 
(Qiagen Inc., Valencia, Calif.). RNA was extracted accord 
ing manufacturer instructions provided with the PAXgene TM 
Blood RNA kit. The extracted RNA using RT-PCR to 
measure the level of albumin (accession numbers V01222 
and J00698) using a first primer set having 5'-AGMGCT. 
TGGAGAGTATGGATTCC-3' as the forward primer, 5'-CT 
TGCTGCCTCCACGAGAGT3' as the backward primer 
and 5'-TTCGATACACCCAGAAAGCACCTCAGGT-3" as 
the probe. RT-PCR was performed on a ABI PRISM(R) 7700 
Sequence Detection System (Applied BioSystems, Foster 
City, Calif.). 
0093. The results appear in Table 2 below. Table 2 shows 
that cell damage is detectable with a higher level of Sensi 
tivity by measuring albumin RNA in blood as compared to 
ALT, AST and 5'NT markers for hepatocyte damage. His 
topathological analysis of rats indicated moderate levels of 
damage. Microscopically, there was a moderate centrilobu 
lar degeneration which was multifocal in two of the animals 
and was characterized by hepatocellular degeneration and 
necrosis, edema fluid, hemorrhages, and infiltration of 
mononuclear cells and occasional neutrophils in the other 
two animals. The severity and distribution of the micro 
Scopic lesions correlated well with the measured increases in 
ALT, AST, 5 NT, and albumin RT-PCR. 

TABLE 2 

Hepatocellular ALT AST 5NT 
Animal Degeneration (U/L)* (U/L)* (U/L)* RT-PCR** 

1. Diffuse 134x 109x 3x 362x 
2 Diffuse 122x 139x 3x 294x 
3 Multifocal 18x 31x 2x 90x 
4 Multifocal 18x 28x 2x 24x 

*Fold changes over mean control values. 
**Fold change over mean control values calculated assuming a two-fold 
amplification of mRNA during each cycle. 

0094) Example 2 illustrates the in vivo methods of this 
invention for evaluating the cell damaging effect of an agent 
using hepatocytes. Furthermore, Example 2 shows the 
advantage of the methods of this invention over traditional 
methods that measure ALT, AST and 5'NT markers of 
heptocyte damage. 
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<160> NUMBER OF SEQ ID NOS: 6 

<210> SEQ ID NO 1 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM Rat 

<400 SEQUENCE: 1 

agagggaaat cqtgcgtgac 

<210> SEQ ID NO 2 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM Rat 

<400 SEQUENCE: 2 

atgccacaga titccatacca 

<210> SEQ ID NO 3 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM Rat 

<400 SEQUENCE: 3 

cactg.ccgca toctottcct coc 

<210> SEQ ID NO 4 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM Rat 
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-continued 

<400 SEQUENCE: 4 

agaagcttgg agagtatgga titcc 

<210 SEQ ID NO 5 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM Rat 

<400 SEQUENCE: 5 

cittgct gcct coacga gagt 

<210> SEQ ID NO 6 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM Rat 

<400 SEQUENCE: 6 

titcgatacac ccagaaag.ca cct caggit 

1. A method for evaluating whether an agent causes cell 
damage comprising: treating one or more cells with an 
agent; and measuring the effect of Said agent on the amount 
of RNA released by said cells. 

2. A method of claim 1 wherein said cells comprise one 
or more cells of mammalian origin. 

3. A method of claim 2 wherein Said cells comprise one 
or more cells of human origin. 

4. A method of claim 1 wherein Said measurement com 
prises measuring the effect of Said agent on the quantity of 
one or more RNA markers released by said cells. 

5. A method of claim 4 wherein said cells are of mam 
malian liver origin and Said one or more RNA markers 
comprise albumin. 

6. A method of claim 4 wherein said cells are of mam 
malian heart origin and Said one or more RNA markers 
comprise one or more of troponin T and cardiac actin. 

7. A method of claim 4 wherein said cells are of mam 
malian Smooth muscle origin and Said one or more RNA 
markers comprise one or more of SM22 and Smooth muscle 
actin. 

8. A method of claim 4 wherein said cells are of mam 
malian kidney origin and Said one or more RNA markers 
comprise one or more of Tamm-Horsfall protein and Aqua 
porin-2. 

9. A method of claim 1 further comprising characterizing 
Said agent as an agent that is likely to cause cell injury, 
wherein said injury is characterized by increased RNA 
release, provided the amount of RNA released by said cells 
has increased by at least two fold. 

10. A method of any one of claim 1 to 9 wherein said 
measurement comprises measuring RNA levels by RT-PCR. 

11. A method of evaluating the cell-protective character 
istics of an agent comprising: treating one or more cells with 
a first agent that causes cell injury, wherein Said injury is 
characterized by increased RNA release from the injured 
cells, treating Said cell with a Second agent; and measuring 
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the effect of Said Second agent in reducing the amount of 
RNA release by Said cells that is caused by Said first agent. 

12. A method of evaluating the effect of an agent on a 
Subject comprising: treating a mammalian Subject with an 
agent, and measuring the effect of Said treatment in increas 
ing release into the blood of one or more RNA markers. 

13. A method of claim 12 wherein said subject is a human. 
14. A method of claim 13 wherein Said gene markers are 

Selected from one or more of albumin, cardiac actin, 
troponin T, SM22, Smooth muscle actin, kidney androgen 
Specific protein, Tamm-Horsfall protein and aquaporin-2. 

15. A method of claim 14 wherein Said gene markers are 
Selected from one or more of albumin, cardiac actin, 
troponin T, SM22, Smooth muscle actin, kidney androgen 
Specific protein, Tamm-Horsfall protein and aquaporin-2. 

16. A method of any one of claims 12 to 15 wherein the 
measurement of the quantity of RNA comprises drawing 
blood from said subject and measuring RNA levels in said 
blood using RT-PCR. 

17. A method for diagnosing a pathological State of the 
liver comprising, obtaining a blood Sample from a mamma 
lian Subject and measuring one or more liver RNA markers. 

18. A method of claim 17 wherein said liver RNA markers 
comprise albumin. 

19. A method of claim 18 wherein said mammalian 
Subject is a human. 

20. A method of characterizing the pathological State of 
the liver of a Subject comprising, obtaining a blood Sample 
from a mammalian Subject, measuring a liver RNA marker 
in Said blood Sample, and characterizing Said Subject as 
having a pathological State of the liver, provided said blood 
Sample contains at least a two fold higher amount of Said 
liver RNA marker than that which is measured in a control 
Subject having no pathological State of the liver. 


