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Figure 1 
(Table 1 Demographic Data) 

Subject Diagnosis Gender Age Ethnic Sm Pack 
Status Hx“ Yearb 

1 normal M 24 white - 0 

4 normal M 27 other‘ - o 

5 normal M 28 white - O 

7 normal M 25 white - 0 

8 normal F 26 white - 0 

9 normal F 26 other - 0d 

10 normal M 27 white - 0 

11 normal F 21 white + 4 
12 normal M 23 other + 8 
13 normal F 32 white + 9 
16 normal F 39 white + 20 
20 normal F M white - 0 

21 normal F 23 other - 0 

s4 organ donor/COPD‘ F 55‘ white + 30 
55 organ donor/asthma M 50 white - 0 

57 colonic adenocarcinoma M 60 white - 0 
59 COPD F 50 white - 0 

62 organ donor/COPD F 58 white + 37 
63 COPD M 70 white + 75 
64 COPD F 47 white + 45 
65 gmnulorna F 51 white - 0 

66 COPD F 54 white + 30 
71 colonic adenocarcinorna M 60 whitg_ - 0 

B1 NSCLC F 17 white remit 40 
B2 adenocarcinoma F 46 white former 40 
B3 squamous cell carcinoma M 63 white former 60 
31 adenoearcinoma M 90 white former 100 
32 adenocarcinoma F 75 other former 25 
33 NSCLC F 62 white former 30 
34 NSCLC M 80 white former 40 
53 NSCLC F 49 other former 45 
60 squamous cell carcinoma M 73 white + 125 

74 NSCLC M 70 white former nah 
75 sguamous cell carcinoma M 72 wéte former 50 

10525 normal cultured F 49 white fonner 125 
17378 normal cultured M 10 white - 0 

17684 normal cultured M 20 white + 8 
17714 normal cultured F 60 white + an 
6F0333 normal cultured F 41 white - 0 
6170395 normal cultured M 22 white + 2 
6F0450 normal cultured F 16 other - 0 

7170075 normal cultured F 29 Wile m1 na 

‘’ Sm Hx refers to smoking history. + = smoker, - = non-smoker, former = former smoker; ‘‘ Pack 
years were calculated by multiplying the number of packs smoked per day by the number of years 
smoked at each rate; ‘ Subjects 4 and 9 are ?'om the Asian subcontinent, Subjects 21 and 6F0450 
are Hispanic, Subject 12 is Asian, and Subjects 1s, 53 and 32 are black; " Subjects 9 and 10 
smoked an occasional cigarette, none within a week prior to bronehoscopy; ‘ COPD = chronic 
obstructive pulmonary disease; ' NSCLC = non-small cell lung cancer, g Subject B1 quit smoking 
one month prior to bronchoscopy. All other former smokers quit at least 2 years prior to 
bronchoscopy; '' na= data not available. 
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Figure 4 
(Table 4-Glutathione Transferase and Peron'dase Gene Expression (mRNA/ 103 B 

Ac?n mRNA) in Primary Bronchial Epithelial Cells from Subjects with Bronchogenic 

US 2004/0197785 A1 

Carcinoma) 

SUBJECT GSTM1.2.4.5 GSTM3 GSTPI GS’I‘I‘I mGST GSHPx GSHPxA 
B1 MEAN 0.95 m,” 239 0.86 5.56 25.5 na 

50,119 0.59 R - 163 s 0.26 R 2.83 s - - 

B2 MEAN 0.78 0.04 69.6 1.86 10.4 18.9 0.34 

ScrR 0.51 8 <0.01 R 25.2 s 1.56 s 3.27 s 8.90 R 029 R 

B3 MEAN 0.48 0.04 39.0 1.37 5.04 31.8 0.18 

Sol-R 0.23 s 0.03 s 11.7 s 0.31 s 1.17 s 19.9 s 0.12 R 

31 MEAN 0.15 0.03 43.7 0.01 1.74 16.0 0.19 

SorR 0.05 s 0.01 s - 26.7 8 <0.01 8 0.57 s 15.8 R 0.08 R 

32 MEAN 0.39 0.16 210 0.49 5.45 62.0 0.25 

SorR 0.31 s 0.16 R 55.0 s 0.38 s 2.36 s 61.0 s 020 R 

33 MEAN 0.71 0.04 30.1 0.41 1.54 29.3 0.16 

80:11 0.12 s 0.01 s 17.0 s 0.17 S 0.36 s 13.8 s' 0.07R 

34 MEAN 0.13 0.06 110 mi“ 13.3_ 64.4 0.26 

SorR 0.04- s 0.02 s 70.5 s - 5.698 13.1 s 0.31 s 

53 MEAN 0.98 0.16 187 1.15 10.3 63.7 0.15 

SorR 0.37 s 0.04 s 5.20 s 0.31 s 1.16 s 7.37 s 0.06 R 

60 MEAN 025 0.07 105 0.36 6.18 62.8 0.22 

SOl'R 0.08 s 0.03 s 5978 0.12 s 0.92 s 10.1 s 0.04 s 

74 MEAN 1.34 0.15 151 0.57 7.61 180 0.53 

SorR 0.20 s 0.07 s 33.5 s 0.18 s 3.66 s 91.5 s 0.25 s 

75 MEAN 0.39 0.10 20.5 0.52 3.05 129 1.10 

SorR 0.17 - - - 4.01 R 21.8 s - 

GROUPMEANS 0.60 M9 ‘‘ 110 0.76 6.11 62.1 0.34 

FOLD VARIATION 
(INTER-SUBJECT) 10 5 12 186 7 11 7 

aS=Standarddeviation(culéarlatedwhentln'eeormm'edetcrminationsweu'emade)R-Eungeoftwndetexmina?onswhichwas 
mlmlaledas?zedi?v‘ercnoebetwecntbegeatermdlessorvalm. hNot assescdduetainsu?icientamomisofcDNA cN11116: 
detected dB0ld?mlindi0atcsasta?s?mlly(p<0.0S)?omnon-bronchogenic carcinomasubjectmeans 
(TablellI). 
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(Table S-Glutathione Transferase and Peroxidase Gene Expression (mRNA/ 103 [3 

Figure 5 
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Actin mRNA) in Cultured Bronchial Epithelial Cells ?om Subjects without 
Bronchogenic Carcinoma) 

CEILLmE Gs'rM1g,4,§ GSTM3 GSTPl GSTTl mGST GSHPx GSHPxA 
10525 MEAN 0.03 0.03 18.3 0.04 2.05 169 032 

$6111’ 0.02 s 0.02 s 11.6 s 0.01 s 1.84 s 14.9 s 0.18 s 
17387 MEAN 0.08 0.04 16.7 0.05 3.88 40.9 0.38 

SOI'R 0.10 s 0.04 s 6.57 s 0.05 ?s 2.48 s 15.9 s 0.17 s 

17684 MFAN 0.03 0.06 17.1 ml’ 1.83 56.2 027 
SorR 0.03 s 0.02 g 6.47 s - 1.02 s 263 s 0.02 s 

17714 MEAN 0.16 0.11 16.8 0.05 3.08 36.2 021 ‘ 
SOIR 0.12 s 0.05 s 11.6 s 0.01 s 0.89 s 12.6 s 0.07 s 

6F0333 MEAN 0.11 0.08 29.9 0.01 624 372 0.43 
SorR 0.03 s 0.03 s 7.48 s <0.01 R 3.64 s 8.27 s 0.09 8 

6170395 MEAN 0.04 0.08 16.4 0.06 5.43 53.0 0.30 
SorR <0.01s 0.04 s 985 s 0.02 s 0.68 s 10.3 s 0.05 s 

6F04$0 MEAN ml 0.03 37.1 0.03 6.92 48.2 033 
SorR - 0.01 1_1_ 12.6 8 <0.01 R 2.52 s 11.6 s 0.07 s 

7110075 MEAN 0.03 0.05 10.7 0.02 3.32 30.2 0.32 
SorR 0.03 s 002g 0.92 R <0.01s 0.83 s 9.59 s 0.10 s 

ROUPMEANS 0.07 0.06 20.4 0.04 4.09 58.9 0.32 

OLD VARIATION 5 4 3 6 4 6 2 
INTER-SUBJECT) 

a S=Standard deviation (calculated when three or more determinations were made) 
R=range of two determinations which was calculated as the difference between the 
greater and lessor value. b None detected. 
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METHOD FOR QUANTITATIVE MEASUREMENT 
OF GENE EXPRESSION FOR INDENTIFYING 
INDIVIDUALS AT RISK FOR BRONCHOGENIC 

CARCINOMA 

[0001] The present invention Was made under a Research 
Grant No. NIH-P01 ES07168 from the National Institute of 
Health Who may have certain rights thereto. The present 
invention relates generally to a method for the quantitative 
measurement of gene expression using multiplex competi 
tive reverse transcription polymerase chain reaction (MC 
RT-PCR). To identify individuals at risk for bronchogenic 
carcinoma. 

TECHNICAL BACKGROUND 

[0002] The PCR techniques are generally described in 
US. Pat. Nos. 4,683,195; 4,683,202 and 4,965,188. The 
PCR technique generally involves a process for amplifying 
any desired speci?c nucleic acid sequence contained Within 
a nucleic acid molecule. The PCR process includes treating 
separate complementary strains of the nucleic acid With an 
excess of tWo oligonucleotide primers. The primers are 
extended to form complementary primer extension products 
Which act as templates for synthesiZing the desired nucleic 
acid sequence. The PCR process is carried out in a simul 
taneous step-Wise fashion and can be repeated as often as 
desired in order to achieve increased levels of ampli?cation 
of the desired nucleic acid sequence. According to the PCR 
process, the sequence of DNA betWeen the primers on the 
respective DNA strains are ampli?ed selectively over the 
remaining portions of the DNA and selected sample. The 
PCR process provides for the speci?c ampli?cation of a 
desired region of DNA. 

[0003] The method of the present invention uses the PCR 
ampli?cation process that alloWs simultaneous ampli?cation 
of a “target gene”, a “housekeeping” gene and competitive 
templates for each of these genes. According to the present 
invention, the terms “target DNA sequence” and “target 
gene” generally refer to a gene of interest for Which there is 
a desire to selectively amplify that gene or DNA sequence. 
The term “housekeeping” gene refers to genes that are 
suitable as internal standards for amount of RNA per PCR 
reaction. In a general and overall sense, a key to the present 
invention is the simultaneous use of primers for target genes, 
primers for a housekeeping gene, and tWo internal standard 
competitive templates comprising mutants of the target 
genes and housekeeping gene. These mutations can be point 
mutations, insertions, deletions or the like. 

[0004] There is a need for quantitative measurement of 
gene expression Which controls for the expression of all 
relevant genes that may be involved in individuals at risk for 
certain diseases, including, for example, bronchogenic car 
cinoma. The present invention addresses these needs by 
providing a method for gene expression measurement by 
quantitative RT-PCR that alloWs simultaneous expression 
measurement of many genes. The multiplex competitive 
reverse transcriptase-polymerase chain reaction is generally 
described in the Willey and Willey et al. US. Pat. Nos. 
5,639,606; 5,643,765 and 5,876,978 Which are fully incor 
porated herein by reference, along With all other references 
disclosed herein and listed at the end of the speci?cation. 
According to one aspect of the present invention, the mRNA 
expression of mGST, GSTM3, GSTT1, GSTP1, GSHPx and 
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GSHPxA and the combined expression of GSTM1, 2, 4, 5 
are simultaneously measured in the primary NBECs of 
non-lung cancer patients, primary NBECs from lung cancer 
patients, and in cultured NBECs from non-lung cancer 
patients. 

[0005] Normal bronchial epithelial cells (NBECs) are at 
an increased risk for oxidative damage folloWing inhala 
tional exposure to reactive oxygen species in cigarette 
smoke (1, 2), oZone (3), possibly asbestos (4), and other 
particulates in the environment. NBECs also are exposed to 
endogenous oxidative products produced through normal 
cellular metabolism (5) and during in?ammation (6, 7). In 
addition, inhaled daughters of radon-2222 decay (polonium 
218 and polonium-214) may deposit on NBECs and emit 0t 
particles that generate reactive oxygen products as they 
encounter the cells. NBECs also are exposed through 
inhaled cigarette smoke or urban air pollution to polycylic 
aromatic hydrocarbons (PAHs). These procarcinogens may 
be metabolically activated in the cytoplasm and subse 
quently damage nuclear DNA. Damage to NBECs and 
adjacent structures from oxidants and/or activated carcino 
gens may result in a variety of pulmonary disorders, includ 
ing bronchogenic carcinoma, pulmonary ?brosis, chronic 
bronchitis, and emphysema (5, 8). 

[0006] NBECs express several enZymes, including glu 
tathione-S-transferase (GSTs) and glutathione peroxidases, 
that are capable of preventing or reducing injury from 
reactive oxidants or carcinogens. The GST enZymes conju 
gate reactive chemical groups, including reactive oxygen 
species and diol-epoxide ultimate carcinogens, to glu 
tathione and thereby prevent them from binding to and 
damaging DNA There are several classes of GSTs, 
including one microsomal class (mGST) and four cytosolic 
classes: GSTA, GSTM, GSTP, and GSTT (10, 11). In 
addition, a human homologue of rat GSTK1 has been 
reported (12). Each GST enZyme has substrate speci?city, 
but there is considerable overlap (13). For example, diol 
epoxides derive from PAH procarcinogens are metaboliZed 
by GSTP1 and GSTM1-3 (14). Other substrates for the 

cytosolic GSTs include steroids, alkenals, and quinones In contrast to the cytosolic GST enZymes, mGST has very 

little speci?city for epoxides (15). HoWever, mGST has 
activity against a broad range of other substrates, including 
styrene-7-8-oxide (16), 1-chloro-2,4-dinitrobenZene, and 
cumene hydroperoxide (17). Further, various halogenated 
alkynes and alkenes are metaboliZed preferentially by 
mGST compared to the cytosolic forms (13, 18). 

[0007] The glutathione peroxidase enZymes catalyZe the 
inactivation of peroxides (including hydrogen peroxide and 
lipid peroxides) using reduced glutathione as a cofactor (19). 
Several enZymes have glutathione peroxidase activity, 
including GSHPx (19), GSHPxA (a secreted form; Ref. 20), 
mGST (21), GSTA (22), and GSTM3 (23). 

[0008] Both intertissue and interindividual variation in the 
expression of GST and glutathione peroxidase genes have 
been reported (14, 24-27). In addition, the expression of 
some GST and glutathione peroxidase genes is altered in 
carcinoma tissues (14, 20, 24, 25, 28, 29). Because there is 
intertissue variation in the expression of these genes, it is 
important to measure expression speci?cally in the progeni 
tor cell for bronchogenic carcinoma, the bronchial epithelial 
cell. There is very little information presently available 
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regarding quantitative levels of GST or glutathione peroxi 
dase gene expression in primary NBECs relative to primary 
bronchogenic carcinoma tissue. 

[0009] The inventors herein have discovered that interin 
dividual variation in GST enZyme gene expression translates 
into variation in risk for bronchogenic carcinoma. For 
example, in some epidemiological studies, GSTM1 null 
individuals have an increased risk (30, 31). HoWever, the 
results of other studies are contradictory (32). One hypoth 
esis to explain these different results is that because the 
multiple GST and glutathione peroxidase enZymes have a 
broad substrate overlap, a decrease in the expression level of 
one GST or glutathione peroxidase may be compensated for 
by increased expression of another. Thus, the expression 
patterns for multiple relevant GST and glutathione peroxi 
dase enZymes may be more closely associated With risk than 
the expression of each individual gene. Consequently, stud 
ies that do not control for expression of all relevant genes 
may generate data that are dif?cult to interpret. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a method to mea 
sure expression of multiple target genes in a progenitor cell 
for bronchogenic carcinoma using reverse transcription 
polymerase chain reaction (RT-PCR) to alloW simultaneous 
expression measurement of multiple target genes. The quan 
titative competitive RT-PCR is used to measure mRNA 
levels of glutathione-S-transferase (GSTs) and glutathione 
peroxidases (GSHPxs) in the progenitor cell. 

[0011] In a preferred method, at least one of the mRNA 
levels of the folloWing are measured: mGST, GSTM3, 
combined GSTM1, 2, 4, 5, GSTT1, GSTP1, GSHPx, and 
GSHPxA. 

[0012] The levels of GSTP1, GSTM3 and GSHPx are 
signi?cantly loWer in normal bronchial epithelial cell than in 
bronchogenic carcinoma cells. In a preferred aspect, the 
gene expression index is evaluated by multiplying the values 
for: MGST><GSTM3><GSHPx><GSHPxA><GSTP1. The sen 
sitivity for detecting normal bronchial epithelial cells as 
compared to bronchogenic carcinoma cells is about 90% and 
the speci?city for detecting normal bronchial epithelial cells 
as compared to bronchogenic carcinoma cells is about 76%. 

[0013] In another aspect, the method comprises a) coam 
plifying a housekeeping gene along With the target genes (to 
control for the amount of cDNA included in the reaction); b) 
including knoWn amounts of cDNA competitive templates 
(CTs) for both the target genes and the housekeeping gene 
(to control for the loss of predictable exponential ampli? 
cation With increasing cycles); c) identifying, choosing 
primers for synthesiZing the competitive templates (CTs) 
and for ampli?cation of native template (NT) and CT 
sequences; d) comparing the levels of the housekeeping 
gene CTs to the target gene CTs Where the ratio to house 
keeping gene CT to each of the target gene CTs is the same; 
e) preparing a master mix (sufficient for the PCR reactions) 
that contains the components: dNTPs, buffer, Water, Taq 
polymerase, cDNA and aliquot of CT solution containing 
knoWn concentrations of CTs for the housekeeping gene and 
the target genes; f) specifying each gene to be ampli?ed in 
each reaction by the primers included in each reaction by 
aliquoting separately from the master mix; g) determining 
the amount of cDNA loaded for each sample by comparing 
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the density of PCR product band for housekeeping gene NT 
cDNA to PCR product band for housekeeping gene CT 
cDNA; and h) determining quantitative expression of the 
target genes. 

[0014] The quantitative expression of the target genes is 
determined by: a) calculating a ratio of target gene NT to CT 
product; and b) dividing the calculated number of target 
gene NT molecules by the calculated number of housekeep 
ing gene NT molecules to correct for loading differences. 

[0015] The method of the present invention is especially 
useful for determining a patient Who is at risk for developing 
cancer by assessing peripheral blood lymphocyte DNA for 
polymorphisms in a regulatory region of target genes that are 
associated With high or loW expression of the target genes. 

DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 contains Table 1 Which shoWs the demo 
graphic data of individuals Without lung cancer and indi 
viduals With cancer. 

[0017] FIG. 2 contains Table 2 Which shoWs the primer 
sequences and product lengths of both native template (NT) 
and competitive template (CT) PCR products. 

[0018] FIG. 3 contains Table 3 Which shoWs the GST and 
peroxidase gene expression (mRna/103 [3-actin mRna) in 
primary bronchial epithelial cells from subjects Without 
bronchogenic carcinoma. 

[0019] FIG. 4 contains Table 4 Which shoWs the GST and 
peroxidase gene expression (mRNA/ 103 pl-actin mRNA) in 
primary bronchial epithelial cells from subjects With bron 
chogenic carcinoma. 

[0020] FIG. 5 contains Table 5 Which shoWs the GST and 
peroxidase gene expression (MRNA/103 [3-actin mRNA) in 
cultured bronchial epithelial cells from subjects Without 
bronchogenic carcinoma. 

[0021] FIG. 6 contains Table 6 Which shoWs gene expres 
sion test to identify NBECs from subjects With bronchogenic 
carcinoma. 

[0022] FIG. 7 shoWs representative agarose gels. 

[0023] FIG. 8 shoWs glutathione peroxidase (A) or index 
values (B-E) for NBEC samples. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] For many years, gene expression has been mea 
sured through quanti?cation of RNAby Northern or dot blot 
analysis. These techniques require the amount of RNA 
obtainable from at least 1 cells for each measurement. Often, 
a biopsy Will provide only the number of cells necessary for 
a histological diagnosis and this is often far less than 105 
cells. Recently developed PCR techniques alloW measure 
ment of RNA levels in as feW as 100 cells. HoWever, 
techniques described thus far alloW only qualitative, not 
quantitative measurement. 

[0025] The present invention uses the using multiplex 
competitive reverse-transcriptase polymerase chain reaction 
ampli?cation to simplify and improve quantitative measure 
ment of gene expression as described in US. Pat. No. 
5,876,978 to Willey et al. DNA extracted from samples is 
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reverse transcribed and then subjected to PCR ampli?cation 
in the present of primers for both a “housekeeping” gene and 
targets gene of interest. 

[0026] The amount of a target DNA sequence is quanti?ed 
Within an identi?ed region of a selected cDNA molecule that 
is present Within a heterogeneous mixture of cDNA mol 
ecules. It is to be understood that more than one targeted 
gene and/or housekeeping gene can be utiliZed and further 
that quantitation of such additional target and/or housekeep 
ing genes Will necessitate the further inclusion of an internal 
standard competitive template comprising a mutation of that 
additional target and/or housekeeping gene. It is to be 
understood that the mutated competitive templates comprise 
at least one nucleotide that is mutated relative to the corre 
sponding nucleotide of the target sequence. It is to be noted 
that mutation of only a single nucleotide that is complemen 
tary to the corresponding nucleotide of the housekeeping 
gene sequence is required for the successful practice of the 
present invention. HoWever, it is understood that longer 
deletions, insertions or alternations are useful in the present 
invention. The target gene primers (Which serve as primers 
for both the native and competitive templates of the target 
gene), housekeeping gene primers (Which serve as primers 
for both the native and competitive template of the house 
keeping gene), competitive templates of the target genes, 
and competitive template of the housekeeping gene are 
subject to a PCR process along With native cDNA Which 
contains the DNA for both the target genes and the house 
keeping gene. The PCR process provides cDNA products of 
1) native cDNA of the target genes and the housekeeping 
gene and 2) mutated competitive templates cDNA of the 
target genes and the housekeeping gene. The cDNAproducts 
are isolated using methods suitable for isolating cDNA 
products. The relative presence of the native cDNAproducts 
and the mutated cDNA products are detected by measuring 
the amounts of native cDNA coding for the target gene and 
mutated coding for the competitive template of the target 
gene as compared to the amounts of native cDNA coding for 
the housekeeping gene and mutated cDNA coding for com 
petitive template of the housekeeping gene. 
[0027] The terms primers, nucleic acids and oligonucle 
otides are understood to refer to polyribonucleotides and 
polydeoxyribonucleotides and there is no intended distinc 
tion in the length of sequences referred to by these terms. 
Rather, these terms refer to the primary structure of the 
molecule. The terms include double and single stranded 
RNA and double and single stranded DNA. It is to be 
understood that the oligonucleotides can be derived from 
any existing or natural sequence and generated in any 
manner. It is further understood that the oligonucleotides can 
be generated from chemical synthesis, reverse transcription, 
DNA replication and a combination of these generating 
methods. The term “primer” generally refers to an oligo 
nucleotide capable of acting as a point of initiation of 
synthesis along a complementary strand When conditions are 
suitable for synthesis of a primer extension product. The 
synthesiZing conditions include the presence of four differ 
ent deoxyribonucleotide triphosphates and at least one poly 
meriZation-inducing agent such as reverse transcriptase or 
DNA polymerase. These are present in suitable a buffer 
Which may include constituents Which are co-factors or 
Which affect conditions such as pH and the like at various 
suitable temperatures. It is understood that While a primer is 
preferably a single strand sequence, such that ampli?cation 

Oct. 7, 2004 

ef?ciency is optimiZed, other double stranded sequences can 
be practiced With the present invention. 

[0028] The terms “target gene”, “sequence” or “target 
nucleic acid sequence” are meant to refer to a region of an 
oligonucleotide Which is either to be ampli?ed and/or 
detected. It is to be understood that the target sequence 
resides betWeen the primer sequences used to the ampli? 
cation process. 

[0029] The quantitative gene expression is measured by 
multiplex competitive PCR ampli?cation of a) cDNA from 
at least one target gene of interest an at least one “house 
keeping” gene and b) internal mutated standard competitive 
templates comprising base mutants of the target gene of 
interest and the “housekeeping” gene cDNA that causes 
either a loss or gain of a restriction endonuclease recognition 
site. The method comprises the PCR ampli?cation of a) 
cDNA from at least one target gene of interest and at least 
one “housekeeping” gene and b) competitive templates 
comprising sequences of the target gene of interest and the 
“housekeeping” gene that have been arti?cially shortened. 
These shortened sequences retain sequences homologous to 
both the target gene and the housekeeping gene primers used 
in PCR ampli?cation. RNA extracted from sample cells or 
tissues are reverse transcribed. Serial dilutions of cDNA are 
PCR ampli?ed in the presence of oligonucleotides homolo 
gous to the target gene and the “housekeeping” gene, and 
quanti?ed amounts of internal mutated standard competitive 
templates. The ampli?ed DNA is restriction digested and 
electrophorsed, separating native from mutated products. 
Densitometry is performed to quantify the bands. This 
technique to measure the relative expression of a target gene 
to a “housekeeping” gene is precise and reproducible for 
studies done With the same master mixture and dilution of 
internal standards. 

[0030] Synthesized oligonucleotides homologous to any 
sequences containing a knoWn restriction endonuclease rec 
ognition site or any sequence containing one or tWo-base 
pair mismatch for a knoWn restriction endonuclease site that 
is present in the housekeeping gene can be utiliZed. The 
application of these restriction endonuclease recognition 
sites is to either mutate the naturally occurring sites to 
non-recognition sites or to mutate the mismatch sites to 
match sites, in either case creating mutant sequences suitable 
for internal mutated standards competitive templates. The 
particular sites in the housekeeping gene used for analysis of 
any particular other gene depends on the match and mis 
match sites that are present in the other gene. One determi 
nant is the siZe of the DNA fragments that are generated 
from the housekeeping gene and the target gene. It is desired 
that these fragments separate Well on gel electrophoresis. 

[0031] Further, all oligonucleotides that contain sequences 
homologous to sequences in the genes for the housekeeping 
genes can be used in the present invention. Such homolo 
gous sequences may be used to generate arti?cially short 
ened competitive templates to the housekeeping genes gen 
erated according to the method described in the Willey et al. 
US. Pat. No. 5,576,978. 

[0032] To identify and match one or tWo base mismatch 
sequences for all knoWn recognition sites, it is possible to 
use the Map program Within the Genetics Computer Group 
softWare package (Devereux et al., supra. 1984). The cDNA 
sequences are obtained for each gene, then each gene is 
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evaluated for the presence of the match of one or tWo base 
pair mismatch sequences for every known restriction endo 
nuclease. It is possible to use every gene containing any of 
these recognition sequences or one or tWo base pair mis 
matches of these sequences. 

[0033] Multiplex competitive PCR improves and simpli 
?es quantitation of gene expression. Gene expression can be 
quantitated in very small samples of tissue or cells Without 
resorting to radio labeling. As a result, multiplex reverse 
transcription PCR is less expensive and safer to use than 
radio labeling. The results are reproducible for examples 
using the same master mixture and dilutions of internal 
mutated standard competitive templates. 

[0034] It is to be understood that all oligonucleotides 
homologous to each strand of the cDNA of knoWn or 
potential housekeeping genes (including but not restricted to 
the human, mouse and rat GAPDH, [3-actin, 28S RNA, 18S 
RNA, and all ribonucleic protein genes) and containing 
restrictions endonuclease recognition sites sequences or one 
or tWo base pair mismatches for restriction endonuclease 
recognition sequences are useful in the practice of the 
present invention. The oligonucleotides are used to prepare 
competitive templates of housekeeping genes for use in 
quantitative PCR. 

[0035] It is to be further understood that according to the 
method of the present invention, all oligonucleotides that 
contain sequences homologous to sequences in knoWn or 
potential housekeeping genes (including but not restricted to 
GAPDH, [3-actin, 28S RNA, 18S RNA, and all ribonucleic 
protein genes) are useful in generating arti?cially shortened 
competitive templates. The oligonucleotides are used to 
prepare competitive templates of housekeeping genes for 
use in the present invention. 

[0036] It is contemplated that uses of this inventive tech 
nique include: a) evaluating gene expression from tissues 
obtained by endoscopic biopsy (brush or forceps), needle 
aspiration, and bone marroW biopsy; b) quanti?cation of 
reporter gene expression in transient transfection assays; and 
c) quanti?cation of transfected genes folloWing gene 
therapy. 

[0037] It should be further understood that according to 
the method of the present invention, more than one gene can 
be evaluated at the same time to determine the interindi 
vidual variation in antioxidant gene expression that results in 
interindividual variation in risk for bronchogenic carcinoma. 

[0038] Three genes, GSTM3, GSHPx, and GSTP1, are 
expressed at loWer levels in NBECs from lung cancer 
patients compared to NBECs from individuals Without lung 
cancer. Because GSHPx and GSTM3 each have peroxidase 
activity, cells expressing loW levels of these genes are more 
susceptible to oxidant damage and carcinogenic transforma 
tion. Further, GSTM3 and GSTP1 metabolically inactivate 
PAH diol-epoxide carcinogens in NBECs; thus, decreased 
expression levels in NBECs lead to a decrease in the cellular 
capacity to detoxify these carcinogens. It has been reported 
that decreased expression of mouse GSTJ'IZ may be respon 
sible for the increased carcinogenicity of the PAH ben 
Zo(a)pyrene (41). GSTP1 Was expressed at a higher level in 
NBECs from non-lung cancer patients than the other genes 
studied-herein. Recently described polymorphisms in the 
coding region of GSTP1 have a strong association With 
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increased risk for neoplasia (42, 43) and are important to 
assess along With GSTP1 gene expression levels. 

[0039] Although ~50% of Caucasians lack GSTM1 
expression due to a null allele, NBECs from all 34 patients 
in this study expressed one or more of these GSTM isoforms 
(See FIGS. 3 and 4). Because all of the GSTM isoforms 
have substrate overlap, it is possible that risk for bron 
chogenic carcinoma is not related to GSTM1 expression 
alone but also to relative gene expression levels of all GSTM 
isoforms in NBECs. 

[0040] Non-cancer subjects 21 and 54 had mGST levels 
three logs and 10-fold greater, respectively, than any of the 
other subjects. Such Wide ?uctuation in gene expression Was 
not observed for any of the other genes. It is possible that a 
small segment of the population is capable of expressing 
very high levels of mGST either constitutively or upon 
exposure to certain xenobiotics. Because mGST has peroxi 
dase activity (21) and because it Was expressed at loWer 
levels in the NBECs of lung cancer patients in this study 
(Tables 3 and 4), it Would be expected that such a high level 
of expression Would protect the cellular DNA from oxidant 
damage and therefore loWer cancer risk. The reason that 
mGST expression is not signi?cantly different in the tWo 
groups, although there is a 5-fold difference in the means, is 
that the subject 54 value confers such a high SD. If both 
subjects 21 and 54 are excluded from analysis, mean mGST 
expression is signi?cantly loWer (P<0.05) in the samples 
from cancer patients. 

[0041] Although protein and/or enZyme levels Were not 
measured, mRNA levels and enZyme activities for some of 
the measured genes and other xenobiotic metabolism 
enZyme genes are knoWn to be closely related. For example, 
Mosco et al. (44) reported in 1988 that GSTP1 enZyme 
activity and mRNA levels are highly correlated in several 
human breast cancer cell lines. We have reported previously 
that CYP1A1 and NADPH oxidoreductase activities are 
correlated With mRNA levels in lymphoblastoid cell lines 
(35). CYP1A1 mRNA and enZyme activities also have been 
correlated in rat liver tissue (45). Further, manganese super 
oxide dismutase activity correlates With protein and mRNA 
levels in ?broblasts (46). 

[0042] Gene Expression Indices Identi?es Individuals at 
Risk for Bronchogenic Carcinoma. 

[0043] An important feature of the method of the present 
invention is that it alloWs expression values of multiple 
different genes to be combined into indices. Such index 
values are used to rank cell or tissue samples. The gene 
expression indices generally correlate better than expression 
of any single gene or isoZyme and phenotype. For the best 
index identi?ed (mGST><GSTM3><GSHPx><GSHPxA>< 
GSTP1) at a value that provided a sensitivity of 290%, the 
speci?city Was 76% (Table 6). Because 5-10% of smokers 
get lung cancer, it is reasonable to hypothesiZe that at least 
5 -10% of the people in the general population have a genetic 
predisposition to bronchogenic carcinoma. Thus, of the four 
individuals Without bronchogenic carcinoma Who had index 
values beloW the cutoff value, one to tWo of them could be 
expected to be at high risk for bronchogenic carcinoma if 
they smoked. 

[0044] The manner in Which gene expression values are 
combined into indices depends in part on the Weight given 
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each gene. Indices are calculated by multiplying gene 
expression values together so that each gene expression 
value included has equal Weight. One assumption made is 
that, at the mean level of expression measured in NBECs, 
each of the genes studied contributes equally to protection of 
NBECs from oxidant and/or carcinogen damage. This 
assumption is supported by the expectation that the optimal 
level of expression for the function of each gene Would be 
selected for through evolution. By combining gene expres 
sion values into indices in a previous study (36) of bronchial 
epithelial cells, it is noW possible to identify a gene expres 
sion index that is highly correlated With bronchogenic 
carcinoma by empirically combining multiple cell cycle 
gene expression values. This method is useful for combining 
individual gene expression values into indices to better 
de?ne the mechanisms underlying cellular phenotype. 

[0045] Environmental Exposures Aspect Antioxidant 
Gene Expression. 

[0046] The observed interindividual variation in the 
expression of GST and GSHPx enZyme genes in primary 
NBECs (Tables 3 and 4) may result from several different 
factors, including variation in constitutive level of gene 
expression, variation in the inducible level of gene expres 
sion and variation in inhalational exposure to exogenous 
oxidants, and xenobiotics in the form of cigarette smoke, 
occupational, or environmental pollutants. Although no sig 
ni?cant relationship betWeen antioxidant gene expression 
and present smoking or amount of past smoking (in pack 
years) Was observed, it remains possible that the interindi 
vidual variation in gene expression observed could be due to 
variation in exposure to xenobiotics and/or oxidants from 
sources other than cigarette smoke. 

[0047] LoWer mean antioxidant gene expression and inter 
individual variation in expression among the cultured cells 
support the theory that the variation observed among the 
primary NBECs is at least in part due to environmental 
rather than hereditary causes. Further, it is possible that 
hereditary differences caused variation in inducible as Well 
as constitutive levels of the genes tested. Thus, the NBECs 
of cancer patients may express loWer levels of GSTM3, 
GSHPx, and GSTP1 due to the inheritance of particular 
polymorphisms in the regulatory regions of these genes or of 
the transcription factors that bind to them. 

EXAMPLE 

Materials and Methods 

[0048] Reagents. 10><PCR buffer [500 mM Tris (pH 8.3), 
2.5 mg/pl BSA, 30 mM MgCl2] Was obtained from Idaho 
Technology, Inc. (Idaho Falls, Id.). Taq polymerase (5 units/ 
pl), oligo dT primers, Rnasin (25 units/pl), pGEM siZe 
marker, and dNTPs Were obtained from Promega (Madison, 
Wis.). Moloney murine leukemia virus reverse transcriptase 
(200 units/pl), 5>< ?rst strand buffer [250 mM Tris-HCl (pH 
8.3), 375 mM KCl, 15 mM MgCl2, 50 mM DTT], and 
RNase-free Water Were obtained from Life Technologies, 
Inc. (Gaithersburg, Md.), NuSieve and SeaKem LE agarose 
Were obtained from FMC BioProducts (Rockland, Me.). 
TriReagent Was obtained from molecular Research Center 
(Cincinnati, Ohio), Bronchial epithelial cell groWth medium 
Was obtained from Clonetics (San Diego, Calif.). Natural 
human ?bronectin and collagen (type 1 rat tail) Were 
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obtained from Collaborative Biomedical Products (Bedford, 
Mass.). All other chemicals and reagents Were molecular 
biology grade. 
[0049] Samples. Primary NBECs Were obtained by bron 
chial brush biopsy as previously reported (34, 35). This 
group of individuals Without lung cancer consisted of 
healthy volunteers from a university setting, individuals 
under going diagnostic bronchoscopy, and three organ 
donors. The lungs of the donors did not meet criteria for 
transplantation due to COPD (subjects 54 and 62) or asthma 
(subject 55). TWo of the subjects (57 and 71) had broncho 
scopy at the time of thoracotomy for resection of adenocar 
cinoma of the colon that had metastasiZed to the lung. 
Subjects 59 and 63-66 had bronchoscopy due to persistent 
hemoptysis or change in character of chronic cough, and no 
endobronchial mucosal lesions Were observed. Samples 
from lung cancer patients Were obtained via bronchoscopic 
bronchial brushing at the time of surgery as previously 
reported (36) or brushing of surgically resected samples 
(subjects 74 and 75; Table 1). Samples that Were evaluated 
in previous studies (34, 35) have the same subject numbers 
in this study. Samples acquired since the time of those 
publications are numbered in order of acquisition. Cells 
Were recovered from the bronchial brush into ice-cold 0.9% 
NaCl solution and pelleted. Informed consent Was obtained 
from each patient. Demographic data are presented in Table 
1. 

[0050] RNA Extraction and Reverse Transcription. Excess 
NaCl solution/media Was removed, and the cells Were lysed 
in TriReagent. Total RNA Was extracted according to the 
TriReagent Manufacturer Protocol (37). FolloWing extrac 
tion, mRNAs Were reverse-transcribed using M-MLV 
reverse transcriptase and an oligo dT primer as previously 
reported (34). 
[0051] Quantitative RT-PCR. Gene expression Was deter 
mined using quantitative competitive RT-PCR (33-35, 38). 
PCR reactions Were cycled 35 times in a Rapidcycler (Idaho 
Technology, Idaho Falls, Id.) in the presence of tWo types of 
controls. First, a housekeeping gene ([3-actin) Was coampli 
?ed along With the target genes to control for the amount of 
cDNA included in the reaction. Second, knoWn amounts of 
cDNA CTs Were included for both the target and the 
housekeeping gene to control for the loss of predictable 
exponential ampli?cation With increasing cycles (38, 39). In 
these experiments, the concentration of the CTs in each PCR 
reaction Was 10'14 M for [3-actin and varied for each of the 
other genes. CTs Were synthesiZed according to previously 
described methods (33, 40). Primers for synthesiZing CTs 
and for ampli?cation of NT and CT sequences Were chosen 
using Oligo softWare (National Biosciences, Inc., Plymouth, 
Minn.). After careful assessment of the sequences, We Were 
not able to identify primers What Would amplify GSTM1 
Without amplifying GSTM2, 4, 5. Therefore, cDNA from all 
four isogenes Were ampli?ed With the same primers. 
Sequences for mGST (GenBank accession no. 
J03746)(ForWard: Seq. ID No. 22; Reverse: Seq. ID No. 23; 
CT: Seq. ID No. 24), GSTM3 (J05459)(ForWard: Seq. ID 
No. 13; Reverse: Seq. ID No. 14; CT: Seq. ID No. 15), 
GSTM1, 2, 4, 5 (J03817, M63509, M96234, 
L02321)(ForWard: Seq. ID No. 10; Reverse: Seq. ID No. 11; 
CT: Seq. ID No. 12), GSTT1 (X79389)(ForWard: Seq. ID 
No. 19; Reverse: Seq. ID No. 20; CT: Seq. ID No. 21), 
GSHPx (Y00433)(ForWard: Seq. ID No. 4; Reverse: Seq. ID 
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No. 5; CT: Seq. ID No. 6), GSHPxA (D00632)(ForWard: 
Seq. ID No. 7; Reverse: Seq. ID No. 8; CT: Seq. ID No. 9), 
and GSTP1 (X06547)(ForWard: Seq. ID No. 16; Reverse: 
Seq. ID No. 17; CT: Seq. ID No. 18) Were retrieved from 
GenBank. Table 2 lists primer sequences and product 
lengths for both NT and CT PCR products. Primers for 
[3-actin (Forward: Seq. ID No. 1; Reverse: Seq. ID No. 2; 
CT: Seq. ID No. 3) have been reported previously (34). 

[0052] In each experiment, all of the genes Were evaluated 
in a single sample. Three stock mixtures of CTs Were 
prepared, and these same three stocks Were used for each 
experiment. Levels of housekeeping and target gene CTs in 
the separate CT mixes Were compared to each other. Thus, 
the ratio of the housekeeping gene CT to each of the target 
gene CTs Was the same When each sample Was assessed. For 
each experiment, a master mix sufficient for the planned 
number of PCR reactions Was prepared that contained every 
component except the primers. The components of the 
master mix Were dNTPs, buffer, Water, Taq polymerase, 
cDNA, and an aliquot of CT solution. The CT solution 
contained knoWn concentrations of CTs for the housekeep 
ing gene and the target genes. The gene to be ampli?ed in 
each reaction Was speci?ed by the primers included in each 
reaction tube, aliquoted separate from the master mix. 
Whenever possible, triplicate experiments Were performed. 

[0053] The amount of cDNA loaded for each sample Was 
determined by comparing the density of the PCR product 
band for [3-actin CT cDNA. Quanti?cation of expression of 
the target genes Was determined in the folloWing Way. First, 
the ratio of target gene native template:competitive template 
(NT:CT) product Was calculated. Because the starting target 
gene CT concentration Was knoWn and the relative simpli 
?cation ef?ciencies for the NT and CT cDNAs Were knoWn 
(see beloW), the starting target gene NT cDNA concentration 
could be determined. Second, the calculated number of 
target gene NT molecules Was divided by the calculated 
number of [3-actin NT molecules to correct for loading 
differences. Gene expression values are reported in Tables 3, 
4 and 5. 

[0054] Visualization and Quanti?cation. After ampli?ca 
tion, products Were electrophoresed on 4% agarose gels (3: 1 
NuSieve:SeaKem) containing 0.5 pig/ml ethidium bromide. 
Gels Were visualiZed With a Foto/Eclipse image analysis 
system (Fotodyne, Hartland, Wis.), and digital images Were 
saved on a PoWer Mac 7100/66 computer as previously 
described (34). Collage softWare (Fotodyne) Was used for 
densitometric analysis. A representative gel is seen in FIG. 
7. 

[0055] Statistical Analysis. A Student’s t test Was used to 
investigate statistical differences betWeen primary NBECs 
from non-lung cancer patients and primary NBECs from 
lung cancer patients for each gene or gene expression index. 
The Student’s t test also Was used to assess for signi?cant 
differences in the expression value of any gene or gene 
expression index due to gender. A tWo-factor AN OVA fol 
loWed by a Duncan’s Multiple Range Test Was used to 
determine statistically signi?cant differences in gene expres 
sion levels and gene expression index values betWeen 
present smokers, former smokers, and never smokers. A 
Pearson’s correlation Was used to determine Whether there 
Was a statistical association betWeen the expression value for 
each gene or gene expression index With amount of past 
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smoking (in pack-years). The relationship betWeen gene 
expression and age Was assessed by the same method. All of 
Pearson’s correlation tests Were assessed for all individuals, 
only lung cancer patients, only non-lung cancer patients, 
only present smokers, and only former smokers. X2 analysis 
Was conducted for each gene or gene expression index using 
a range of cutoff values to determine their sensitivity and 
speci?city as a test for separating cancer patients from 
non-lung cancer patients (Table 6). To determine statically 
signi?cant (P<0.05) interindividual variation in gene expres 
sion levels among primary NBECs from non-lung cancer 
patients and primary NBECs from lung cancer patients and 
compare this variation With interindividual variation in 
cultured MBECs, a one-factor ANOVA Was used. All sta 
tistical analyses Were conduced using SAS version 6.11 
(SAS Institute, Cary, NC). 
[0056] At least three replicate measurements Were done 
for each gene expression assessment When sufficient cDNA 
Was available. Of the 280 gene expression means reported in 
Tables 3, 4, and 5, three or more replicate measurements 
Were made for 218, and an SD is provided. Of the remaining 
62 gene expression means reported, duplicate measurements 
Were obtained for 48, and a range is provided. There Was 
suf?cient cDNA for only one measurement for 14 gene 
expression values. 

Results 

[0057] Reproducibility. Among the gene expression mea 
surements for Which three or more replicate values Were 
obtained, the SD Was <50% of the means for 149 of 218, 
<75% for 190 of 218, and <100% for 210 of 218, With the 
SD >100% of the mean for 8 of 218 expression measure 
ments (Tables 3, 4, and 5). This is similar to the reproduc 
ibility observed in other gene expression studies using the 
same method (33). 

Comparison of Primary NBECs from Individuals 
With or Without Bronchogenic Carcinoma 

[0058] Individual Gene Expression Values. GSTM3, 
GSTP1, and GSHPX Were expressed at signi?cantly loWer 
levels (P=0.02, 0.01, and 0.01, respectively) in primary 
NBECs from bronchogenic carcinoma patients compared to 
primary NBECs from individuals Without bronchogenic 
carcinoma (bold font in Table 4). Of these genes, GSHPx 
Was the individual gene With the best sensitivity (80% for a 
value of 70-90 mRNA/103 [3-actin mRNA; Table 6). HoW 
ever, a value that Was >90% sensitive had poor speci?city 

(FIG. 8A). 
[0059] For the other four genes tested, no signi?cant 
difference in gene expression betWeen the tWo groups of 
primary NBECs Was observed. 

[0060] Gene Expression Indices. Indices comprising 
expression values of multiple genes Were formed by multi 
plying expression values of different combinations of genes 
together. Rather than assessing every possible combination 
of genes, 25 indices comprising the 5 genes that individually 
demonstrate the greatest difference betWeen groups (GSP1, 
GSHPxA, GSTM3, mGST, and GSHPx; Table 6) Were 
assessed. Index values Were reported as molecules/103 mol 
ecules of [3-actin and Were calculated as the folloWing 
example: (GSTM3 molecules/103 molecules of [3-actin>< 
GSTP1 molecules/103 molecules of [3-actin><mGST mol 
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ecules/103 molecules of [3-actin=GSTM3><GSTP1><mGST 
molecules/10 molecules of [3-actin/106 molecules of [3-ac 
tin=index molecules/103 molecules of [3-actin. 

[0061] For tWo indices that each comprised three genes 
(GSTP1><GSHPx><GSTM3; GSTP1><mGST><GSHPx), it 
Was possible to identify cutoff values With sensitivities 
290% and speci?cities >70% (Table 6; FIG. 8, B and C). 
These indices both included GSTP1 and GSHPx and varied 
only With respect to the third gene (either mGST or 
GSTM3). For an index that included all four of these genes 
(mGST><GSTM3><GSHPx><GSTP1), a range of cutoff values 
(3.2><10_5-3.5><10_5 molecules/103 molecules of [3-actin) 
had a sensitivity of 100%. HoWever, the speci?city of this 
index Was only 62% (Table 6). Reducing the cutoff value to 
20x10“5 molecules/103 molecules of [3-actin decreased the 
sensitivity to 90% but did not improve the speci?city (FIG. 
8D). In addition, for an index comprising ?ve genes 
(mGST><GSTM3><GSHPx><GSHPxA><GSTP1), a range of 
cutoff values (3.0><10_9-1.0><10_8 molecules/103 molecules 
of [3-actin) had a sensitivity of 90% and a speci?city of 76% 
(Table 6; FIG. SE). 

[0062] Correlation With Age, Gender, and Smoking Age. 
Pearson’s correlation Was used to test the relationship of age 
to the expression of each gene and the level of each gene 
expression index. First, the test Was run on all patients. Only 
GSHPx Was signi?cantly associated (negatively correlated) 
With age (P=0.018). To avoid bias caused by the relatively 
loW representation of older individuals in the non-lung 
cancer group (mean age among non-lung cancer and lung 
cancer patients Was 39 and 69 years, respectively), the test 
also Was run separately on the lung cancer patients and the 
non-lung cancer patients. There Was no signi?cant associa 
tion Within either the non-lung cancer or the lung cancer 
group betWeen age and GSHPx. GSHPx gene expression 
also Was assessed separately on samples from individuals 
aged 45-65 years. In this group, the mean age among nine 
non-lung cancer and four lung cancer individuals Was 54 and 
55 years, respectively. As With the entire group, the mean 
level of GSH3Px expression among the cancer cases (35.9 
molecules/10 molecules of [3-actin) Was signi?cantly loWer 
(P=0.01) than the mean GSHPx expression among non-lung 
cancer cases (122 molecules/103 molecules of [3-actin). 

[0063] Smoking History. APearson’s correlation Was used 
to assess relationships betWeen smoking history and gene 
expression. This test Was run once on all patients, once on 
present and former smokers only, once on present smokers 
only, and once on former smokers only. No correlation 
betWeen expression of any gene or gene expression index 
studied here With smoking history (in pack-years) Was 
observed among patients of any group. 

[0064] Gender. Among the primary NBECs from lung 
cancer and non-lung cancer patients combined, no differ 
ences in gene expression or any gene expression index Were 
found due to gender. 

[0065] 
[0066] Primary NBECs. There Was signi?cant (P<0.05) 
interindividual variation in primary NBEC expression of 
each of the genes (Tables 3 and 4). The value of mGST in 
NBECs from subject 21 Was excluded from statistical analy 
sis because it Was an outlier (Table 3). Interpretation of this 
result is included in the discussion. 

Interindividual Variation in Gene Expression 
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[0067] Cultured NBECs. In an effort to test Whether the 
interindividual variation in expression observed in primary 
NBECs Was based on hereditary differences or environmen 
tal factors, gene expression Was measured in cultured 
NBECs from eight different individuals With no history of 
lung cancer. All of the cultures Were maintained under the 
exact same conditions. This alloWed hereditary differences 
in constitutive gene expression to predominate. In these 
eight different NBEC cultures, the mean level of expression 
for each antioxidant gene studied Was loWer than that 
observed among primary NBEC samples. In addition, 
although signi?cant interindividual variation among cul 
tured NBECs Was observed for GSHPx, GSTM3, and 
mGST, it Was less than that observed in primary NBECs 
(Tables 3, 4, and 5). Further, there Was no signi?cant 
interindividual variation in the expression of GSTM1, 2, 4, 
5, GSTT1, GSHPxA, or GSTP1 among cultured NBECs 
(Table 5). 
[0068] The present invention involves a dramatic 
improvement over previously described approaches for 
evaluating interindividual aeration in risk for damage to 
normal bronchial epthiothial cells. 
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SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 24 

<2 10> SEQ ID NO 1 
<211> LENGTH: 21 
<2 12> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

SEQUENCE: l 

gattcctatg tgggcgacga g 

SEQ ID NO 2 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 2 

ccatctcttg ctcgaagtcc 

SEQ ID NO 3 
LENGTH: 40 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 3 

ccatctcttg ctcgaagtcc gccagccagg tccagacgca 

SEQ ID NO 4 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 4 

cctggtggtg ctcggcttcc 

SEQ ID NO 5 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 5 

caatggtctg gaaqcqqcqq 

SEQ ID NO 6 
LENGTH: 40 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 6 

caatggtctg gaagcggcgg accggagacc aggtgatgag 

SEQ ID NO 7 
LENGTH: 21 

TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 7 

gcagagccgg ggacaagaga a 

SEQ ID NO 8 

21 

20 

40 

20 

20 

40 

21 
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<2ll> LENGTH: 21 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: 8 

ctgctctttc tctccattga c 

<2 10> SEQ ID NO 9 
<2ll> LENGTH: 42 

<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: 9 

ctgctctttc tctccattga cgctcttcct gtagtgcatt ca 

<2 10> SEQ ID NO 10 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: l0 

gggacgctcc tgattatgac 

<2 10> SEQ ID NO 11 
<2ll> LENGTH: 20 

<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: ll 

gcaaaccatg gccgcttccc 

<2 10> SEQ ID NO 12 
<2ll> LENGTH: 40 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: l2 

gcaaaccatg gccgcttccc ttctccaaaa tgtccacacg 

<2 10> SEQ ID NO 13 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: l3 

gtgcgagtcg tctatggttc 

<2 10> SEQ ID NO 14 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: l4 

agttgtgtgc ggaaatccat 

<2 10> SEQ ID NO 15 
<2ll> LENGTH: 40 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: 15 

21 

42 

20 

20 

40 

20 

20 








