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CARBON DIOXIDE ENHANCEMENT OF 
INHALATION THERAPY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This patent application claims bene?t of priority of pro 
visional application, U.S. Ser. No. 60/169,038, ?led Dec. 4, 
1999, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the ?elds of 
pharmacology and drug delivery. More speci?cally, the 
present invention relates to a method of using carbon 
dioxide gas to increase pulmonary deposition of an aero 
solized drug during inhalation therapy. 

2. Description of the Related Art 
Small particle liposome aerosol treatment consists of 

lipid-soluble or water-soluble anti-cancer drugs incorpo 
rated into liposomes, which are administered from aqueous 
dispersions in a jet nebulizer (see US. Pat. No. 5,049,388). 
Aerosols of 1-3 pm mass median aerodynamic diameter, 
generated upon nebulization, enable targeted delivery onto 
surfaces of the respiratory tract. The deposited liposomes 
subsequently release drug locally within the lung or into the 
blood circulation with delivery to extra-pulmonary tissue. 

If the drug is lipid soluble, it will associate with the lipid 
molecules in a manner speci?c to the lipid employed, the 
anti-cancer drug employed and possibly it may be modi?ed 
further by various soluble constituents which may be 
included in the suspending aqueous medium. Such soluble 
constituents may include buffering salts and possibly inosi 
tol to enhance the synthesis and secretion of surfactant 
phospholipid in lung tissue and to minimize respiratory 
distress already present or that which might result from the 
aerosol treatment (7). 

If the drug is water soluble, it may be incorporated by 
appropriate procedures in aqueous vesicles that exit in 
concentric spaces between lipid bilayers (lamellae) of the 
multilamellar liposome. Unilamellar liposomes may be pre 
pared; however, their capacity to entrap either lipid-soluble 
or water-soluble drugs is diminished since entrapment is 
restricted to one central vesicle. Aerosol water droplets may 
contain one or more drug-liposomes. Moreover, it is also 
possible to incorporate more than one drug in a aerosol 
liposome treatment, either by mixing different drug 
containing liposomes, or by using liposomes wherein the 
drugs have been combined and incorporated together into 
liposomes. 

Nebulization shears liposomes to sizes readily discharged 
from the nozzle of the nebulizer. Liposomes up to several 
microns in diameter are typically sheared to diameters of 
less than 500 nm, and may be considerably smaller than that 
depending on the operating characteristics of the nebulizer 
and other variables. Shearing of water-soluble drugs con 
tained in liposomes will release appreciable amounts of the 
water soluble compound, perhaps 50 percent. This is not a 
contraindication to their use, but it means that two forms of 
the drug preparation is administered, and the effect includes 
the therapeutic effect that would be produced by both forms 
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2 
if either form has been given alone. Many other details of 
liposome aerosol treatment are described in US. Pat. No. 

5,049,388. 
In general, the underlying objective of inhalation therapy 

is the topical delivery of aerosolized particles of pharma 
ceutical drugs into the central airways and to peripheral 
regions of the respiratory tract. However, the deposition 
fraction of the inhaled particles even for the optimal size 
range of 1-2 um mass median aerodynamic diameter is only 
approximately 20%. Pulmonary deposition of inhaled aero 
sols is in?uenced signi?cantly by particle size, hygroscopic 
properties and airway geometry (1,2). The breathing pattern 
is also an important variable that determines the deposition 
pattern of inhaled particles (1,2). 

Speci?cally, breath holding markedly increases pulmo 
nary deposition due to increased residence time of particles 
within the lung. This allows a longer period for gravity 
sedimentation to occur especially in the small peripheral 
airways and to ensure that the aqueous particles can equili 
brate fully in the near 100% humidity and reach their 
maximum size, which further enhances their deposition 
(1,2). Computer simulations demonstrate that a thirty 
second breath holding maneuver in humans can increase the 
deposition fraction 3.2 times. The physiological principle of 
this effect is due to increased particle intake upon deep 
inspiration in which the inhaled volume may be as much as 
8-fold higher than the amount inhaled with basal tidal 
breathing. This larger volume of tidal breathing leads to 
penetration of particles to the furthest recesses of the lung 
where airway diameters are smallest, and thus deposition 
due to gravity and maximum particle size occurs with 
greatest e?iciency. 
By extension of this physiological property, direct utili 

zation of factors which could increase the volume of 
inspired air (containing aerosol particles) would subse 
quently markedly increase the deposited fraction in the 
central airway and to an even greater extent in the peripheral 
lung. Carbon dioxide (CO2) is the most important natural 
regulator of respiration. Carbon dioxide di?‘uses freely from 
the tissues into the blood according to the existing pressure 
gradient. Increased levels of carbon dioxide in the blood 
readily di?‘use into the cerebrospinal ?uid where there is 
conversion into HCO; and H". Central chemoreceptors on 
the ventral surface of the medulla respond to increased H+ 
in the CSF and cause a compensatory increase in ventilation 

(rate and tidal volume). 
Investigators have utilized carbon dioxide inhalation to 

manipulate ventilation in experimental animals and humans. 
Inhalation of 5% carbon dioxide causes as much as 192% 
increase in tidal volume (3). This increase is rapid and 
reaches a sustained plateau throughout the duration of 
exposure (4). Once the carbon dioxide exposure ceases, the 
changes in ventilation reverse within minutes to basal level 
(4). Similarly, inhalation of 5% carbon dioxide by humans 
results in a 3-fold increase in the minute volume (5). 
Inhalation of 5% or 7.5% of carbon dioxide by normal 
humans for two minutes resulted in increases in frequency of 
breathing by 6.7% and 19%, respectively, and increases in 
tidal volumes by 31% and 52%, respectively, so that minute 
volumes were increased by 34% and 75%, respectively (6). 
Longer exposures to these concentrations would have pro 
duced even greater responses (5). 

Camptothecin analogues and taxanes are chemical agents 
currently being developed as chemotherapeutic agents (21, 
26). The anticancer drugs, paclitaxel (PTX) and different 
Camptothecin (CPT) derivatives are clinically active in the 
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treatment of a variety of human tumors, including lung 
cancer. These drugs show bene?cial results in clinical trails 
When used as single agents or in combination With other 
drugs (21). These drugs are given systemically by oral or 
intravenous routes of administration; the most effective 
route for paclitaxel is continuous intravenous infusion (22, 
24) Whereas lipophilic congeners of camptothecin adminis 
trated orally prove most effective. The development of toxic 
side effects is often a major limitation in such therapeutic 
regimens. Several subcutaneous human cancer xenografts in 
nude mice (23) and in experimental murine pulmonary 
metastasis (6) have been successfully treated using liposo 
mal formulations of camptothecin and 9-nitrocamptothecin 
(9NC) administered by the aerosol route as an alternative 
method of therapy. Pharrnacokinetic studies in mice With 
camptothecin shoWed that inhalation of liposomal camptoth 
ecin produced substantial drug levels in the lungs and other 
organs, Which cleared rapidly after cessation of aerosol 
delivery (17). In spite of these levels, aerosol delivery 
systems are generally only 15-20% ef?cient in drug depo 
sition (29, 30); thus increasing pulmonary deposition Would 
be advantageous. 

Using these systemic routes of drug delivery, a certain 
amount of drug egresses from the blood stream and localiZes 
in the respiratory tissue, but lungs are not the main organs 
for drug deposition. The utiliZation of conventional lipo 
somes are carriers for these drugs does not improve the 
pulmonary deposition of drugs administered by commonly 
used systemic routes ( 11,27). NebuliZation is a very effec 
tive route for target drug delivery to the respiratory tract 
(17); e.g., camptothecin. Dogs With spontaneously arising 
primary and metastatic lung tumors have been successfully 
treated When neW formulations of doxorubicin and PTX are 
delivered via aerosoliZation (16). HoWever in these 
instances, aerosols Were generated using normal air. 
Gene delivery to different tissues has been accomplished 

using both viral and nonviral vectors. Although the use of 
nonviral vectors avoids the immunogenic response associ 
ated With viral vectors, nonviral vectors, such as cationic 
lipids and polycationic polymers, have not been associated 
generally With the high levels of gene expression character 
istic of viral vectors. HoWever, polyethyleneimine (PEI), a 
cationic polymer, is effective both in tissue culture and in 
vivo (36). The protonable nitrogen on every third nitrogen 
provides polyethyleneimine With a huge buffering capacity. 
Polyethyleneimine can effectively traf?c DNA to the nucleus 
(37) and protect DNA against DNAse degradation (36). 
Both linear and branched forms of polyethyleneimine have 
been shoWn to produce high levels of transgene expression 
in various tissues such as lung, brain, and kidney (39-41). 
Polyethyleneimine has also been used to ef?ciently deliver 
DNA to tumors in vivo (42). 

Aerosol delivery is a noninvasive Way to deliver genes of 
interest to the lungs and could potentially be used to treat 
diseases such as lung cancer and cystic ?brosis. HoWever, 
the levels of transgene expression have not been very high 
due, in some cases, to loss of DNA viability during nebu 
liZation (43). PEI can protect the DNA during nebuliZation 
(44) and can result in higher levels of transfection in the lung 
than most of the other cationic lipids tested (44,45). PEI 
mediated transfection is also resistant to inhibition by lung 
surfactants (46). 

Increased ef?ciency of drug deposition to the respiratory 
tract by the inhalation route is achieved by several Ways: 1) 
changing the concentration of drug in the formulation used 
for aerosoliZation (31); 2) using more ef?cient types of 
nebuliZers (32); 3) increasing the duration of treatment; or 4) 
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4 
changing the breathing patterns (4). As previously stated, 
carbon dioxide is a natural modulator of respiration. The 
inhalation of air containing loW concentrations of CO2 (from 
about 3-7%) caused similar changes in breathing patterns 
and Was tolerated Well (13, 6). No difference in breathing 
patterns Was observed betWeen inhalation of 5% CO2-in-air 
and moderate physical exercise in man (32). Similar effects 
of 5% CO2-in-air may be obtained in man using aerosol 
treatment. Thus utiliZation of CO2-enriched air for nebuli 
Zation as a modulator of inhalation therapy can result in 
more effective pulmonary delivery of chemotherapeutic 
agents. 
The prior art is de?cient in the lack of a means of 

enhancing the pulmonary deposition of an aerosoliZed drug 
during inhalation therapy. The present invention ful?lls this 
longstanding need and desire in the art. 

SUMMARY OF THE INVENTION 

The present invention provides a method of increasing the 
deposition of aerosoliZed drug in the respiratory tract of an 
individual or animal, comprising the step of administering 
said aerosoliZed drug in an air mixture containing up to 
about 10% carbon dioxide gas. 2.5%, 5%, and 7.5% carbon 
dioxide concentrations have been used herein. The aerosol 
may be administered for 1 to 30 minutes or even longer. The 
administered drug may be a soluble drug, an insoluble drug 
or a therapeutic composition, e.g., oligonucleotide, gene, 
peptide, or protein, that may be dissolved in solution and 
directly aerosoliZed With a jet nebuliZer or incorporated into 
a carrier such as liposomes, sloW release polymers or 
polycationic polymers prior to aerosoliZation. 

Other and further aspects, features, and advantages of the 
present invention Will be apparent from the folloWing 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the matter in Which the above-recited features, 
advantages and objects of the invention, as Well as others 
Which Will become clear, are attained and can be understood 
in detail, more particular descriptions of the invention 
brie?y summarized above may be had by reference to 
certain embodiments thereof Which are illustrated in the 
appended draWings. These draWings form a part of the 
speci?cation. It is to be noted, hoWever, that the appended 
draWings illustrate preferred embodiments of the invention 
and therefore are not to be considered limiting in their scope. 

FIG. 1 shoWs the tissue distribution of camptothecin after 
a 30 min exposure to liposome aerosol generated With 
normal air (solid) or With 5% CO2-enriched air (hatched). At 
the end of treatment (30 min) organs from three mice per 
group are resected and the drug content determined by 
HPLC. Mean values With SD are calculated. P values for 5% 
CO2-air compared to normal air are 0.02, 0.13, 0.04, 0.04, 
0.03, and 0/01 for lungs, liver, spleen, kidney, blood and 
brain, respectively (Student’s t-test, tWo-tailed). 

FIG. 2 shoWs the pulmonary concentration-time curve for 
CPT-liposomes administered for 30 min. by aerosol gener 
ated With normal air (O) or With 5% CO2-enriched air (O). 
For each time point lungs from three mice are resected and 
the drug content determined by HPLC. Mean values With SD 
are calculated. 

FIG. 3 shoWs the pulmonary concentration-time curve for 
PTX-liposomes administered for 30 min. by aerosol gener 
ated With normal air (O) or With 5% CO2-enriched air (O). 
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For each time point lungs from three mice are combined and 
the drug content determined by HPLC. Each experiment is 
repeated three times and mean values With SD are calcu 
lated. 

FIG. 4 shoWs the comparison of tissue paclitaxel levels in 
the lungs of mice exposed to aerosols containing different 
liposomal formulations. Equivalent levels of exposure to 
paclitaxel are achieved in a 5% CO2-in-air aerosol of steri 
cally stabilized paclitaxel-liposomes prepared from dimyri 
stylphosphoethanolamine poly (ethylene glycol) 2000 as 
When DLPC is utiliZed. 

FIG. 5 shoWs the comparison betWeen CAT expression in 
lung by PEI-DNA aerosol generated using air or air con 
taining 5% CO2. One milligram of CAT plasmid Was com 
plexed With PEI at an N:P ratio of 10:1 and the resulting 
complex aerosoliZed to mice for 30 min. The lungs are 
harvested after 24 h and the CAT assay is performed as 
described. Values are meanszSD (n=6 mice per group, 

P=0.00l). 
FIG. 6 shoWs the effect of percent CO2 on the ef?ciency 

of PEI-DNA transfer to the lung by aerosol. Different 
percentages of CO2-in-air are used With a ?xed amount of 
CAT plasmid. The complexes Were aerosoliZed using 0%, 
2.5%, 5%, 10% carbon dioxide and control. Mice are 
sacri?ced, the lungs harvested, and the CAT assay Was 
performed. Values are expressed as meanszSD. 

FIG. 7 shoWs that the gene expression in lung by PEI 
DNA aerosol Was dose dependent. Increasing doses of CAT 
plasmid Were aerosoliZed using 5% CO2-in-air at a ?xed N:P 
ratio of 10:1. There is an increase in both the total amount 
of DNA delivered and the concentration of PEI-DNA deliv 
ered. Mice Were sacri?ced after 24 h, the lungs are 
harvested, and the Cat protein is assayed. Values are 
meanszSD (n=5 mice per group). 

FIG. 8 shoWs the effect of N:P ratios on the ef?ciency of 
PEI-DNA transfer to the lung by aerosol. Different PEI 
DNA(N:P) ratios are used With a ?xed amount CAT plasmid 
(2 mg). The complex is aerosoliZed using 5% CO2-in-air. 
Mice are sacri?ced after 24 h, the lungs are harvested, and 
the CAT assay is performed. Values are meanszSD (n=5 
mice per group). 

FIG. 9 shoWs the effect of N:P ratios on luciferase gene 
expression in the lung. A ?xed amount of luciferase plasmid 
(2 mg) is delivered at different N:P ratios. The complexes are 
aerosoliZed using 5% CO2-in-air. Mice are sacri?ced 24 h 
after aerosol delivery, lungs are harvested, and luciferase 
activity is determined. Values are meanszSD (n=5 mice per 
group). 

FIG. 10 shoWs the time course of transgene expression 
after single PEI-DNA aerosol exposure. 

In FIG. 10A mice are delivered an aerosol containing 2 
mg of CAT plasmid at a N:P ratio of 15:1 using 5% 
CO2-in-air. Mice are sacri?ced at different time points and 
the lungs are harvested and immediately froZen. The CAT 
assay is performed after the last time point. Values are 
meanszSD (n=5 mice per time point). 

FIG. 10B shoWs the persistence of CAT expression using 
tWo different N:P ratios. Both groups of mice (n=5 mice each 
per time point per group) are delivered 2 mg of CAT plasmid 
at a 15:1 or 10:1 NPP ratio using 5% CO2-in-air. The time 
points for the 10:1 ratio are 1, 2, 3, and 6 days post aerosol 
exposure and for the 15:1 ratio are 1, 3, 7, and 10 days post 
aerosol exposure. 

FIG. 11 shoWs tissue distribution of transgene after single 
PEI-DNA aerosol exposure. The same groups of mice are 
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6 
used as in FIG. 9 (from the 10:1 group). Different tissues are 
harvested and immediately froZen. The CAT protein is 
assayed after the last time point. Values are meanszSD (n=5 
mice per time point). Levels of CAT in non-lung tissues in 
the aerosol-exposed group are not different from the control 
tissues (P>0.1). 

FIG. 12 shoWs the histologcial analysis of PEI-DNA 
aerosol-treated lungs. TWo milligrams of CAT plasmid is 
complexed With PEI at a N:P ratio of 15:1 and the complex 
Was aerosoliZed to ?ve mice for 30 min using 5% CO2-in 
air. Mice are sacri?ced 24 h later and lungs are harvested and 
?xed in formalin. Thin sections are stained With hemtoxylin 
and eosin (H&E). FIG. 12A: bronchiole (control); FIG. 12B: 
bronchiole (treated). Magni?cation 100><. 

FIG. 13 shoWs the inhibition of B16-F10 lung metastasis 
by PEI-p53 aerosol delivery. 

FIG. 13A: Tumor index Was calculated by the formula: 
Tumor index=lung Weights><average grade for the group. 
Values are meanszSD (n=10 mice per group). 

FIG. 13B: Representative lungs from control, PEI-Lucand 
PEI-p53 treated mice are presented (n=10 mice per group). 
Lungs from PEI-treated group (not shoWn) are similar in 
shape, siZe, and number of tumor foci to those shoWn for 
control and PEI-Luc-treated groups. Data are representative 
of tWo separate experiments. 

FIG. 13C: Lung Weights of mice from different groups. 
Values are meanszSD (n=10 mice per group). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a method of increasing the 
deposition of aerosoliZed drug in the respiratory tract of an 
individual or animal, comprising the step of administering 
said aerosoliZed drug in an air mixture containing up to 
about 10% carbon dioxide gas. Preferred concentrations 
include 2.5%, 5% and 7.5% carbon dioxide gas. The aerosol 
may be administered for 1 to 30 minutes or even longer. 

The instant invention is directed to the aerosol delivery of 
a Water soluble drug. Such a drug may be directly prepared 
as a Water solution or a buffered solution and directly 
aerosoliZed. Representative Water soluble drugs include 
antibiotics like tobramycin and pentamidine; muclolytics 
like acetyl cytsteine; bronchodilators like albuterol; para 
sympathetic agents like ipratropium bromide; enZymes like 
DNase; and anti-virals like ribavirin. 

Alternatively, the instant invention may be used to deliver 
an insoluble drug that is associated With a carrier prior to 
aerosol delivery. Possible carriers include liposomes, sloW 
release polymers and polycationic polymers. Liposomes are 
an especially useful carrier for lipophilic drugs such as 
amphotericin B; nystatin; glucocorticoids; immunosuppres 
sives like CsA, FK506, rapamycin or mycophenolate; and 
anti-cancer drugs like camptothecin, camptothecin 
derivatives, and paclitaxel. The liposomes may be formed 
from such lipids as the phospholipid dilauroylphosphatidyl 
choline (DLPC) or they may be sterically stabiliZed lipo 
somes formulated With modi?ed phospholipids such as 
dimyristylphosphoethanolamine poly(ethylene glycol) 
2000. SloW release polymers, such as poly(lactic acid-co 
glycolic acid) (PLGA), or polycationic polymers, such as 
polyethyleneimine (PEI), may be utiliZed. 
The instant invention may also be applied to the delivery 

of therapeutic proteins, therapeutic peptides, DNA genes, 
sense oligonucleotides, anti-sense oligonucleotides, and 
viral vectors. Representative examples of DNA genes are the 
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chloramphenical acetyl tranferase gene (CAT) or the p53 
gene. Preferably, these genes are delivered via a polycationic 
polymer carrier such as polyethylenimine. Cationic lipo 
somes also may be utilized as carriers. The polyethylenimine 
may have a nitrogenzphosphate ratio from about 10:1 to 
about 20:1. In a preferred embodiment, the PEI nitrogen 
:phosphate ratio is about 10:1. 
The folloWing de?nitions are provided. Terms not spe 

ci?cally de?ned area meant to be interpreted as is customary 
in the art. 

As used herein, the term “aerosols” refers to dispersions 
in air of solid or liquid particles, of ?ne enough particle siZe 
and consequent loW setting velocities to have relative air 
borne stability (8). 
As used herein, the term “liposome aerosols” refers to 

aqueous droplets Within Which are dispersed one or more 
particles of liposomes or liposomes containing one or more 
medications intended for delivery to the respiratory tract of 
humans or animals (9). 
As used herein, the siZe of the aerosol droplets de?ned for 

this application are those described in US. Pat. No. 5,049, 
338, namely mass median aerodynamic diameter (MMAD) 
of 1-3 pm With a geometric standard deviation of about 
1.8-2.2. HoWever, With loW concentrations of 9-NC and 
possibly other camptothecin derivatives, the mass median 
aerodynamic diameter may be less than 1 pm, such as 0.8 
pm. Based on the studies disclosed by the present invention, 
the liposomes may constitute substantially all of the volume 
of the droplet When it has equilibrated to ambient relative 
humidity. 
As used herein, the “Weibel Lung Model” refers to a 

classi?cation of the structure of the human lungs that 
recogniZes 23 consecutive branchings of the airWays of 
humans. The trachea is labeled 0, bronchi and bronchioles 
extend through branches 16. These portions of the airWays 
contain ciliated epithelium and mucus glands. Together they 
constitute the mucociliary blanket. Branchings 17-23 com 
pose the alveolar portion of the lung and do not have a 
mucociliary blanket. Thus, particles deposited here are not 
carried up the airWay to be sWalloWed. 

It is postulated herein that under controlled experimental 
conditions of hypercapnia, deposition of inhaled drug par 
ticles Would greatly increase over levels observed during 
basal tidal breathing conditions. The use of carbon dioxide 
gas/air mixtures to drive continuous ?oW jet nebuliZers 
could greatly increase the ef?ciency of the drug dose deliv 
ered to the peripheral lung (Weibel’s generations 17-23). By 
analogy, this system could be effectively utiliZed to increase 
the biological ef?ciency of inhaled drugs. This concept 
could be theoretically employed With any drug, gene, 
oligonucleotide, or protein/peptide formulation (soluble, 
liposomal, crystalline, or polymer-based carrier such as 
polyethylenimine) and any gas or air driven jet nebuliZer 

The current invention is primarily directed toWard the use 
of carbon dioxide gas to increase the depth and frequency of 
breathing during inhalation therapy With as aerosoliZed drug 
to result in increased minute volumes. The increased tidal 
lung volume results in enhanced pulmonary deposition of 
the inhaled drug particles, particularly in the lung periphery 
Which may not be fully ventilated at loW levels of breathing. 
The increased minute volume resulting from increased fre 
quency and greater depth of breathing both contribute to the 
increased minute volume. 

Administering an aerosoliZed drug in an air mixture 
containing up to about 10% carbon dioxide gas results in 
increased deposition of the drug in the respiratory system, 
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8 
measurably improving ef?ciency and therapeutic ef?cacy of 
the aerosol drug delivery. Preferred concentrations include 
2.5%, 5% and 7.5% carbon dioxide gas. The aerosol may be 
administered for 1 to 30 minutes or even longer. The 
enhancing effect of the carbon dioxide is evident Within 30 
seconds. The respiratory effects of carbon dioxide are tran 
sient and can be employed repeatedly. 
The folloWing examples are given for the purpose of 

illustrating various embodiments of the invention and are 
not meant to limit the present invention in any fashion. 

EXAMPLE 1 

Materials 

PTX Was obtained from Xechem (NeW Brunswick, N.J.). 
CPT Was obtained from Sigma (St. Louis, Mo.) and 9NC 
from ChemWerth (Woodbridge, Conn.). Dilauroylphos 
phatidylcholine (DLPC) Was purchased from Avanti Polar 
Lipids (Alabaster, Ala.). DMSO Was purchases from Sigma 
(St. Louis, Mo.) and HPLC grade other organic solvents 
Were obtained from Fisher Scienti?c. Sterile Water for 
irrigation came from Baxter Healthcare Corporation 
(Deer?eld, Ill.). 
ICR mice (7-8 Weeks old) Were obtained from Harlan 

Sprague DaWley (Indianapolis, Ind.) and housed in standard 
cages With food and Water provided ad libitum. Female 
C57BL/ 6 mice (8-9 Weeks old) and female Balb/C mice (5-7 
Weeks old) Were obtained from Harlan-Sprague DaWley 
(Houston, Tex.). All animal care Was in accordance With 
Baylor College of Medicine Institutional Animal Care and 
Use Committee. 
The bacterial chloramphenicol acetyl transferase gene 

(CAT, p4119, Ref. 15) is primarily used as the reporter gene 
for measuring transgene expression. The CAT gene is under 
the control of human cytomegalovirus (CMV) early 
promoter/enhancer element. The luciferase plasmid (pGL3, 
Promega, Madison, Wis.) modi?ed by insertion of the CMV 
promoter/ enhancer element and the human groWth hormone 
polyadenylation sequence Was a gift from Dr. Michael Barry 
(Center for Cell and Gene Therapy, Baylor). All plasmids are 
puri?ed on Qiagen columns (Qiagen, Valencia, Calif.) and 
are endotoxin free. The plasmids are quantitated by UV 
absorbance at 260 nm. Agarose gel analysis is revealed th 
plasmids to be a mixture of primarily supercoiled plasmid 
With a small amount of nicked plasmid. 
The plasmid containing the p53 gene Was obtained from 

Dr. Y. K. Fung (Children’s Hospital, Los Angeles, Calif.). 
The p53 gene is under the control of human cytomegalovirus 
(CMV) promoter/enhancer element. The plasmid used as a 
control contains the ?re?y luciferase (Luc) gene and Was 
obtained from Dr. Michael Barry (Baylor College of 
medicine). The plasmids Were puri?ed commercially by 
Bayou Biolabs (Harahan, La.), Were endotoxin free and Were 
quantitated using UV absorbance. Agarose gel analysis 
revealed the plasmids to be primarily in the supercoiled form 
With a small amount of nicked plasmid. 

B16-F10 melanoma cell line Was obtained from Division 
of Cancer treatment and Diagnosis Center (DCTDC, NCE, 
Frederick, Md.) and cultivated in DMEM supplemented 
With 10% fetal calf serum. The cell line has been shoWn to 
form tumors in the lung (15). TWenty-?ve thousand B16-F10 
cells in 200 pl of media are injected per mice via the tail vein 
of C57BL/6 mice. Lung metastases are visually detected 
Within 2 Weeks after inoculation of cells. The cells Were used 
at passages 3-12. 

EXAMPLE 2 

Statistics 

After performing one-Way analysis of variance (ANOVA) 
to compare the means, a tWo-tailed unpaired Student’s t test 
Was done. A difference Was considered signi?cant if P i 0.05. 
























