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Methods for Treatment and Diagnosis of Pulmonary Diseases
Based on the Expression of SERCA2 Protein

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority under 35 U.S.C. § 119(e) from U.S.
Provisional Application Serial No. 61/102,805, filed October 3, 2008, the contents of

which are incorporated herein in their entirety by this reference.
FIELD OF THE INVENTION
The field of the present invention is methods for treatment and diagnosis of
pulmonary diseases such as Cystic Fibrosis (CF) using SERCA?2 protein.
GOVERNMENT SUPPORT
This invention was supported in part with funding provided by NIH Grant No.R01-
ES014448 awarded by the National Institute of Health. The government has certain rights

to this invention.
BACKGROUND OF THE INVENTION
Cystic fibrosis (CF) is a genetic disorder known to be an inherited disease of the

secretory glands. While life expectancies have increased to nearly 40 years, respiratory
failure still accounts for >80% of deaths from the disease, usually in young adults in the
third or fourth decade of life. CF is caused by a mutation in the gene cystic fibrosis
transmembrane conductance regulator (CFTR). The product of this gene is a chloride ion
channel important in creating sweat, digestive juices and mucus. Although most people
without CF have two working copies (alleles) of the CFTR gene, only one is needed to
prevent cystic fibrosis. CF develops when neither allele can produce a functional CFTR
protein. Therefore, CF is considered an autosomal recessive disease.

~ Relentless progressive lung infection and excessive secondary inflammation
remains the principal cause of death in CF. Airways of urban dwellers are continuously
bombarded by atmospheric pollutants such as ozone, particulates and nitrogen oxides.
Elevated levels of such pollutants can contribute to repeated exacerbations and thereby
accelerated decline of lung function in patients with chronic airway disease like cystic
fibrosis (CF) and asthma (71-73). Ozone attacks the lung through oxidative mechanisms
and céuses disruption of the epithelial barrier leading to increased permeability, an influx of
neutrophils into the lungs, and generation of cytokines and chemokines (74-77). CF
airways have enhanced oxidative stress as evidenced by elevated levels of products of lipid

peroxidation in the exhaled breath condensate and biofluid samples. Excessive depletion of
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airway antioxidants as well as malnutrition further add susceptibility to potential oxidant
injury. Acute exacerbations interrupt the clinical course of CF and hasten decline of lung
function. Knowledge of the role of environmental pollutants like ozone, in this process is
limited. Identification of mechanisms leading to pulmonary exacerbations in the patient
with CF is crucial for developing therapies for maintenance of lung function, good quality
of life and survival.

As noted above, Ca’*-dependent CI” secretion and Na* absorption are two primary
known ion transport mechanisms that are affected in CF airway epithelial cells. Regulation
of epithelial ion transport in airway epithelia is of great importance for continuous
adjustment of surface mucus hydration. Maintenance of a constant thickness of the surface
water/mucus layer is critical for function of the mucociliary clearance mechanism, which
removes inhaled particles from the airways. Investigations of endogenous regulatory
mechanisms have demonstrated that nucleotides (ATP and UTP) are released to the
surface layer and could be involved in regulation of ion transport by acting as paracrine or
autocrine agents through interaction with purinergic receptors on the epithelial surface.
The mechanism(s) by which nucleotides are released to the surface layer is not known in
detail, but some results (78-80) indicate that the cystic fibrosis transmembrane
conductance regulator (CFTR) protein may be involved as a modulator. ATP signaling
may regulate numerous critical cell functions relevant to CF including volume homeostatic
responses to altered tonicity of the extracellular milieu, ciliary beat frequency, epithelial
cell secretion of ions, fluid and, mucin secretion, and release of inflammatory cytokines
(81). CFTR-mediated nucleotide release within airway surface liquid (ASL) regulates
epithelial ion transport rates by Ca**- and protein kinase C-dependent mechanisms (82,
83). Such regulation of intracellular calcium [Ca?*]i by CFTR may in turn normalize NaCl
transport in CF airway epithelia by stimulating Ca’*-dependent CI secretion (84) and
simultaneously downregulating Na* hyperabsorption (85). However, mutations in CFTR
affect its ability to be made, processed, and transported to the plasma membrane and/or to
function as a CI' channel and conductance regulator. ca** signaling finely controls
survival and secretory function of the airway epithelium, processes that are altered in CF,
although Ca®* signaling also may itself be altered by CF.

The most frequent CF-associated mutation, accounting for about 70% of CF

alleles, is deletion of phenylalanine 508 (AF508 CFTR). AF508 CFTR has reduced

chloride channel activity, impaired processing, and decreased stability at the cell surface.
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Abnormal processing leads to its retention in the endoplasmic reticulum (ER) and rapid
intracellular degradation. For these reasons, AF508 CFTR fails to function as a cAMP-
activated CI” channel (1).

Previous reports have indicated that sarcoendoplasmic reticulum calcium ATPase
(SERCA) inhibitors can decrease calcium concentrations within the ER and, thereby,
interfere with the ability of calcium-dependent chaperone proteins to retain misfolded
AF508 CFTR within the ER (2). These investigators have suggested further that blockade
of this chaperone interaction by use of SERCA inhibitors allows misfolded AF508 CFTR to
escape the ER, reach the cell surface, and function as a CI" channel (3). These findings
prccipitated a remarkable number of investigations and resulted in several conflicting
papers indicating that SERCA pump inhibitors like curcumin and/or thapsigargin can (4-9)
or cannot (10-13) enhance AF508 CFTR trafficking to the plasma membrane and apical
epithelial chloride transport.

Release of calcium ions from ER regulates essential cellular functions including
secretion, contraction, gene transcription, and survival (14). Since SERCA is responsible
for (re) loading of ER calcium after such signaling events, its function can be important at
the level of the whole organ and organism. For example, SERCA2 is the only SERCA
isoform expressed in cardiac muscle, and decreased SERCA2 expression is a key event in
congestive heart failure (15). Its importance is further demonstrated by the lethal
phenotype of SERCA2 knockout mice and loss of calcium regulation in cells with only
one copy of the SERCA2 gene (16, 17). In CF, release of ER calcium by activation of
purinergic receptors can allow activation of Ca**-activated chloride channels (CACC), a
principal, albeit partial, compensatory mechanism for impaired chloride secretion in CF
that could, in turn, somewhat diminish excessive sodium reabsorption by ENaC (18).
Hence, ER Ca”" stores can have direct importance in adaptation of CF epithelium.

However, despite the research into potential effects of SERCA inhibitors on AF508
CFTR trafficking and function, the expression of SERCA isoforms in CF and non-CF
airway epithelium has not been systematically evaluated. Further, role of SERC in the
survival of airway epithelium in response to oxidative stress is also not well understood.
The present application addresses these needs in the art and proposes therapeutic and

diagnostic methods based on the findings described herein.
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SUMMARY OF THE INVENTION

In one embodiment, the present invention includes a method to treat a pulmonary

disease in a subject. The method may comprise increasing the biological activity of
Sarcoendoplasmic Reticulum Calcium ATPase 2 (SERCA2) protein in the cells of the
subject.

In another embodiment, the present invention includes a method to protect a
subject from exposure to an oxidizing gas. The method may comprise increasing the
biological activity of SERCA2 protein in the cells of the subject. In some embodiments,
the subject may have a pulmonary disease and exposure to the oxidizing gas may lead to
enhanced airway epithelial cell death and inflammation leading to exacerbation of the
pulmonary disease. In some embodiments, the oxidizing gas may comprise ozone, oxygen,
chlorine or mustard gas.

In some embodiments, the methods of the present invention may include the step
of administering the subject with an effective amount of an agent that increases the
biological activity of the SERCA?2 protein. The agent may comprise a SERCA2 protein or
a homologue thereof, or a compound that increases the expression of the SERCA?2 protein,
or a SERCA?2 activator compound that increases the biological activity of the SERCA2
protein. In some embodiments, the SERCA2 protein or a homologue thereof is
recombinantly produced. In some embodiments, the compound that increases the
expression of the SERCA2 protein may comprise a recombinant nucleic acid molecule
encoding the SERCA2 protein or a homologue thereof. 21. In some embodiments, the
recombinant nucleic acid molecule encoding the SERCA2 protein or a homologue thereof
may comprise a sequence selected from the group consisting of: NM_170665.3 or
Gl:161377445, NM_001681.3  or GI:161377446, and NM_001135765.1 or
GI:209413708). In some embodiments, the SERCA2 protein or a homologue thereof may
comprise an amino acid sequence selected from the group consisting of NP_733765.1 or
Gl:24638454, NP_001672.1 or GI:4502285, and NP_001129237.1, or GI:209413709.
In some embodiments, the SERCA2 activator compound may comprise PST2744
[Istaroxime; (E,Z)-3-((2-aminoethoxy)imino) androstane-6,17-dione hydrochloride)],
Memnopeptide A, JTV-519, CDN1054, albuterol, xopenex, IGF (insulin like growth
factor), EGF (epithelial growth factor), or rosiglitazone. In some embodiments, the agent
may comprise a pharmaceutically acceptable carrier. In some embodiments, the step of
administering comprises providing the agent as a tablet, a powder, an effervescent tablet,

an effervescent powder, a capsule, a liquid, a suspension, a granule or a syrup.
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In another embodiment, the present invention includes a method for diagnosing a
pulmonary disease. In some embodiments, the method comprises detecting a level of
expression or biological activity of the SERCAZ2 protein in a test sample, and comparing
the level of expression or biological activity of the SERCA2 protein in the test sample to a
baseline level of SERCA2 protein expression or activity established from a control
sample, wherein detection of a statistically significant difference in the SERCA2 protein
expression or biological activity in the test sample, as compared to the baseline level of
SERCAZ2 protein expression or biological activity, is an indicator of the presence of the
pulmonary disease or the potential therefor in the test sample as compared to cells in the
control sample. In various embodiments, detecting the level of expression or biological
activity of the SERCA2 protein in a sample may comprise detecting SERCA2 mRNA in
the sample, or detecting SERCA2 protein in the sample, or detecting SERCA2 protein
biological activity in the sample

In another embodiment, the present invention includes a method to evaluate the
efficacy of a treatment of a pulmonary disease in a subject. The method may comprise the
steps of detecting the level of expression or biological activity of SERCAZ2 in a test sample
taken from the subject before administering the treatment; detecting the level of
expression or biological activity of SERCA2 in a test sample taken from the subject after
administering the treatment; and comparing the level of the expression or biological
activity of the SERCAZ2 in the test sample taken from the subject before administering the
treatment to the level of the expression or biological activity of the SERCA2 in the test
sample taken from the subject after administering the treatment. In various embodiments,
detecting the level of expression or biological activity of SERCA2 in a test sample may
comprise detecting SERCA2 mRNA in the test sample, or detecting SERCAZ2 protein in
the test sample, or detecting biological activity of the SERCAZ2 protein in the test sample.

In some preferred embodiments, the SERCA2 protein may be expressed in airway
epithelial cells. In some embodiments, the subject is human. In some embodiments, the
pulmonary disease is Cystic Fibrosis.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows SERCA2 protein and RNA expression in non-CF and CF cell lines.

1A and 1B show representative Western (experiments repeated 6 times) and Northern
blots (experiments repeated 3 times), respectively. Figure 1C shows co-immunostaining

for of SERCAZ2 (red) and endoplasmic reticulum (ER) specific protein, protein disulphide
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isomerase (PDI, green) (one data set from an experiment performed in duplicate. The
individual experiment was repeated 3 times).

Figure 2 shows estimation of endoplasmic reticulum (ER) content in Figure 2A
and SERCA2 (protein and activity) in purified microsomal membranes Figure 2B. The
upper panel of Figure 2A shows live cells cultured in chambered coverglass stained using
ER-Tracker Blue-White DPX. The lower panel of Figure 2A shows the quantification of
fluorescence intensity per whole cells area. For each of 3 cell lines about 20 cells were
analysed. Results show means of data and * indicates significant difference (p<0.05) from
non-CF 16HBEo- cells (n=3). The top panel in Figure 2B is a representative Western blot
showing SERCA2 expression in purified microsomal membranes of 16HBEo- (lane 1),
CF41o- (lane 2) and CF450- (lane 3) cells. The lower panel of Figure 2B represents the
thapsigargin (2 pM)-sensitive Ca’*ATPase activity in microsomal membranes of normal
and CF cells. * indicates significant difference from 16HBEo- cells (p<0.05).

Figure 3 shows SERCA2 expression in air-liquid interface (ALI) cultures of
primary non-CF and CF airway epithelial cells. Figure 3A shows representative images of
in situ immunohistochemistry for SERCA2 expression in cells from 4 individual (1-4)
non-CF donors and 4 individual (5-8) CF donors. Figure 3B is a representative Western
blot showing expression of SERCA2 and actin in the cells from four non-CF (1-4) and
four CF (5-8) individuals. Figure 3C shows quantification of Western blots for SERCA2
expression in ALI cultures of cells from non-CF and CF donors (14 non-CF and 8 CF)
analysed in 3 separate experiments. The bars represent means of data and * indicates
significant difference (p<0.05) from non-CF cells.

Figure 4 shows SERCA2 expression in the epithelium of proximal and distal CF
and non-CF airways. Figures 4A-D show the IgG staining (left panels) and SERCA2
staining (right panels) in epithelium. Arrowheads (») indicate SERCAZ2 staining which
was found predominantly in the epithelium of non-CF bronchi (A) and bronchioles (C),
and it was significantly less intense in the epithelium of CF airways (B & D). Figure 4E
shows the quantitation of SERCA2 staining (SERCA2-IgG) in the non-CF and CF bronchi
and Figure 4F shows quantitation of SERCA?2 staining in the non-CF and CF bronchioles.

Figure 5 shows expression of low affinity SERCA isoform SERCA3 in CF and
non-CF airway epithelial cells. Figure 5A, top row, represents the Western blot for
SERCA3 from whole cell lysates from non-CF and CF bronchial airway epithelial cell
lines. Figure 5B represents the Northern blot for SERCA3 mRNA expression. Figure 5C
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represents the Western blot for SERCA3 from cell lysates from ALI cultures of primary
airway epithelial cells from 3 non-CF (1-3) and 3 CF (4-6) subjects.

Figure 6 shows the effect of CFTR;172 on SERCA2 protein expression. Figure
6A shows SERCA2 expression in CFTR;172-treated primary bronchial epithelial cells
(Lane 1-3 are untreated control & 4-6 are CFTRi,p172-treated cells). Figure 6B shows the
quantitative data for SERCA2 expression with and without CFTRy;172 treatment. The
bars represent means of data and * indicates significant difference (p<0.05) from non-CF
cells (results of 3 individual experiments are shown). Figure 6C is a representative blot
showing effect of CFTRim172 on SERCA2 expression treatment in CF IB3-1 cells and
CFTR corrected C-38 cells. Figure 6D shows the quantitative data. The bars represent
mean of data and * indicates significant difference (p<0.05) from untreated cells n=3.

Figure 7 shows the effect of inhibition of functional CFTR expression on SERCA
expression. Figure 7A shows inhibition by antisense CFTR oligonucleotides. The upper
panel is a representative Western blot showing SERCA2 expression in cell lysates from
polarized cultures of 16HBEo- cell line that were stably transfected with sense (S) and
antisense (AS) CFTR oligonucleotide. The bars represent means of data and * indicates
significant difference (p<0.05) from control (16HBE-S) cells. Figure 7B shows the effect
of overexpressing mutated CFTR on SERCA2 expression. The upper panel is a
representative Western Blot showing expression of SERCA2 in control cells and
adenovirally-transduced minimally transformed primary human bronchial epithelial cells
expressing mutated ACFTR.

Figure 8 shows translocation of SERCA2 within caveolae-related domains (CRDs)
from the ER of CF cells. Figure 8A shows the distribution of CRD-associated proteins
within a sucrose gradient, and representative Western blots showing SERCA2 and
caveolin expression. Figure 8B and 8C show Western blot of SERCA2 and Bcl-2 using
immunoprecipitate of microsomal fractions from (1) 16HBEo- and (2) CF450- using Bcl-2
antibody.

Figure 9 shows that Bcl-2 expression increased in the cellular compartments of CF
cells. Figure 9A shows representative Western blots using antibodies against Bcl-2,
cytochrome ¢ oxidase (mitochondrial marker), protein disulphide isomerase (PDI, ER
specific protein) and lamin C (nuclear marker) to analyze nuclear, ER and mitochondrial
fractions from (1) 16HBEo-, (2) CF41o- and (3) CF450- cells. Figure 9B shows Bcl-2
expression in the ER fraction of 16HBEo- cell line stably transfected with sense (S) and
antisense (AS) CFTR oligonucleotide. Figure 9C shows total Bcl-2 content in cellular

7



10

15

20

25

30

WO 2010/040130 PCT/US2009/059557

lysates of control and adenovirally-transduced primary human bronchial epithelial cells
expressing mutated ACFTR. The bars represent means of data of two individual
experiments (n=4) and * indicates significant difference (p<0.05) from control.

Figure 10 shows that SERCA?2 is essential for cell survival during oxidative stress.
Figure 10A shows SERCA2 knockdown using SERCA2 siRNA. The top panel of Figure
10A is the representative Western blot of SERCAZ2 expression in primary human bronchial
epithelial cells either (1) mock-transfected or transfected with (2) control or (3) SERCA2
siRNA. The lower panel shows the quantitation of SERCA2 knockdown. The bars
represent means of data and * indicates significant difference (p<0.05) from control
siRNA-transfected cells (n=3), and represents 3 individual experiments. Figure 10B shows
the cell death analysis in primary human airway epithelial cells that were transfected
either with a control or SERCA?2 siRNA for 24 h and exposed to 0 ppb or 200 ppb ozone
for 18 h. The columns represent means of data and * indicates significant difference
(p<0.05) from 0 ppb controls cells.  indicates significant difference from 200 ppb controls
(n=3). '

Figure 11 shows the effect of CFTR inhibition on ATP release and cell survival of
primary human bronchial epithelial cells in ozone. Primary human bronchial epithelial
cells cultured on collagen-coated 6-well plates were treated with CFTR;;,172 for 30 min
and then exposed to either 0 ppb () or 200 ppb (+) ozone. Figure 11A shows the ATP
content of the extracellular media and Figure 11B shows cell death was estimated after 8 h
of ozone exposure. The bars represent means (SEM) of data and * indicates significant
difference (p<0.05) from 0 ppb (- ozone) controls and # indicates significant difference
(p<0.05) from 200 ppb exposed cells without CFTRsn172.

Figure 12 shows the extracellular ATP release by non-CF and CF airway epithelial
cell air liquid interface (ALI) cultures upon ozone exposure. Figure 12A shows ATP
content of culture media from ozone exposed non-CF 16HBE (open bars) and CF, CF41o-
(closed bars) and CF450- (hatched bars). The bars represent means of data and * indicates
significant difference (p<0.05) from 0 ppb controls and # indicates significant difference
(p<0.05) from 200 ppb exposed non-CF cells. Figure 12B shows quantification of apical
ATP release in differentiated ALI cultures of primary cells from non-CF and CF donors (3
non-CF and 3 CF) analysed in 3 separate experiments (The mean of the non-CF group is
the control value). The bars represent means of data and * indicates significant difference
(p<0.05) from 0 ppb control and # indicates significant difference (p<0.05) from ozone

exposed non-CF cells.
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Figure 13 shows Ozone-induced membrane damage in non-CF and CF cells.
Figure 13A and 13B show *H-adenine release in the culture media from ALI cultures of
16HBE and CF450- cells labeled with *H-adenine and exposed to ozone. The bars
represent means (SEM) (mean of non-CF represents the control) of data of apical media
and * indicates significant difference (p<0.05) from 0 ppb. Figure 13C shows Calcien AM
(green, live) and propidium iodide (PI) (red, dead) cellular staining of ALI cultures of non-
CF, 16 HBE and CF, CF410- and CF450- cells that were exposed to either 0 or 500 ppb
ozone. Figure 13D shows quantitation of dead PI +ve cells. The bars represent means
(SEM) of data and * indicates significant difference (p<0.05) from 0 ppb.

Figure 14 shows ozone-mediated apoptosis in non-CF (open bars) and CF (closed
bars) cells. The bars represent means (SEM) of data and * indicates significant difference
(p<0.05) from 0 ppb and # indicates significant difference (p<0.05) from non-CF.

Figure 15 shows the effect of ozone exposure on mitochondrial function of non-CF
and CF cells. The top panel shows Measurement of chloromethyltetramethylrosamine
fluorescence, an indicator of mitochondrial membrane potential (MMP) in 16HBEo- (open
bars) and CF450- (closed bars) cells that were exposed to ozone Figures 15A and 15B
shows representative immunocytochemistry images showing cytochrome ¢ release in
16HBEo- and CF410- cells exposed to ozone.

Figure 16 shows the ozone-induced ERK phosphorylation in non-CF and CF cells.
Figure 16A shows a representative Western blot for the detection of ERK phosphorylation
by Western blot (top panel). Figure 16B shows a quantitative estimation of total ERK
phosphorylation in non-CF (open bars) and CF cells (closed bars). The bars represent
means (SEM) of data and * indicates significant difference (p<0.05) from 0 ppb.

Figure 17 shows the effect of ozone exposure on the release of proinflammatory
cytokines IL-8, G-CSF and GM-CSF, in differentiated cultures of non-CF (@, 0 ppb and
O, 200 ppb) and CF (A, 0 ppb and A, 200 ppb) primary airway epithelial cells. Figures
17 A and 17B show the analysis of cytokines in the apical and basolateral media,
respectively. The bars represent means (SEM) of data and # indicates significant
difference (p<0.05) from 0 ppb exposed cells and * indicates significant difference
(p<0.05) from 200 ppb non-CF, using Welch’s t test.

Figure 18 shows the Ozone-mediated cytokine release in polarized air-liquid
interface cultures of non-CF (16HBEo) and CF (CF410) cell lines. Figures 18A, 18B and
18C show release of IL-8, G-CSF or GM-CSF respectively from non-CF (open bars) and

CF (closed bars). Values are means + SE; n = 6, and the figure is a representative of 4
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individual experiments; * Significant difference from 0 ppb control, P < 0.05 and #
Significant difference from non-CF, P < 0.05. Figure 18D shows the effect of
preincubation of cells for 30 min with 10 pM  [6-amino-4-(4-
phenoxyphenylethylamino)quinazoline] (an NF-xB inhibitor) on IL-8 release. Figure 18E
shows the measurement of nuclear p65 in non-CF and CF cells after exposure to ozone.
Values are means + SE; * Significant difference from 0 ppb control, P < 0.05 and #
Significant difference from non-CF, P < 0.05.

Figure 19 shows the effect of ATP supplementation on ozone-mediated cytokine
release. Figures 19A and 19B show the release of L-8 and GM-CSF in the apical media. *
Significant difference from 0 ppb control, P < 0.05 and # Significant difference from non-
CF, P <0.05.

Figure 20 shows that SERCA2 modulates cytokine release by primary airway
epithelial cells. Figure 20A shows the release of IL-8 in the supernatant media from cells
preincubated with thapsigargin and then exposed to ozone. Values are means £ SE; n = 6
and the data is a representative of 2 individual experiments; * Significant difference from
0 ppb control, P < 0.05 and # Significant difference from ozone exposed untreated cells, P
< 0.05. Figure 20B shows release of IL-8 from cells that were transduced with Ad.GFP or
Ad.SERCA2 and then exposed to ozone. The inset is a representative Western blot
showing SERCA2 protein overexpression by Ad.SERCA2 in primary airway epithelial
cells. Values are means = SE; n = 6 and the data is a representative of 2 individual
experiments; * Significant difference from 0 ppb control, P < 0.05 and # Significant
difference from 200 ppb ozone exposed Ad.GFP transduced cells, P <0.05.

Figure 21 is a schematic representation of mechanisms of ozone toxicity in CF
airway epithelial cells.

Figuure 22A shows the CFTR function in CFTR sense and antisense
oligonucleotide-expressing 16HBEo- cells indicating that the cAMP-dependent chloride
conductance was absent in CFTR antisense oligonucleotides expressing cells. Figure
22B is a representative blot showing the CFTR expression in adenovirally transduced
primary airway epithelial cells.

Figure 23 shows mutated CFTR-dependent increases in NF-kB and Bcl-2 in
primary human airway epithelial cells in the presence and absence of TNF. Figure 23, top
panel shows Western blot of CFTR expression in lacz, WT CFTR and mutated CFTR
expressing cells. Lower panel shows Western blot of p65 in the nuclear lysate. Figure 23B

10
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shows quantification of nuclear translocation of NF-kB as measured by ELISA. The bars
represent mean of data and * indicates significant difference (p<0.05) from untreated cells.
Figure 23C is a Western blot for Bcl-2 in whole cell lysates.

DETAILED DESCRIPTION

The present invention relates to methods of treatment and diagnosis of pulmonary
diseases, such as Cystic Fibrosis (CF). As described in detail herein, the expression of the
SERCA2 protein is decreased in the airways of lungs of subjects having cystic fibrosis as
compared to the non-CF subjects. Specifically, expression of the principal lung isoform,
SERCA2, was consistently downregulated in CF airways, primary cultures of polarized
CF airway epithelial cells, in response to genetic or pharmacologic inhibition of wild-type
CFTR expression or function, and upon expression of AF508 CFTR in non-CF epithelium.
Even though the low affinity SERCA3 isoform was upregulated, total SERCA activity was
decreased. In CF cells, SERCA2 was associated with Bcl-2 in ER membranes.
SERCA/Bcl-2 interaction has previously been reported to cause inactivation and
displacement of SERCA from membrane microdomains referred to as caveolae-related
domains (CRD) (19, 20). Therefore, without wishing to be bound by theory, it is proposed
that CFTR dysfunction-induced enhanced NF-kB activation, and subsequently increased
Bel-2 that interacted with SERCA2 to translocate it from the caveolae-related domains
(CRDs), were potential mechanisms causing decreased SERCA?2 expression.

Furthermore, Knockdown of SERCAZ2 using siRNA revealed that it is required for
survival of airway epithelial cells during oxidative stress. Diminished SERCA2 expression
enhanced apoptosis and/or cell death due to oxidative stress indicating that SERCA2 was
essential for survival during oxidative stress.

An association between exposure to oxidizing gases like ozone and exacerbations
of preexisting pulmonary diseases such as asthma and chronic obstructive pulmonary
disease has not been previously evaluated in CF. In the present invention, effects of
ambient concentrations of ozone on human primary non-CF and CF airway epithelial cells
and cell lines cultured at air liquid interface were investigated. Ozone toxicity was
determined by measuring transepithelial resistance, H adenine release and fluorescent
live/dead cell staining on the inserts. As described in detail herein, exposure to ozone of
polarized cultures of CF airway epithelial cells caused enhanced loss of transepithelial
resistance, release of H adenine and death. Ozone exposure caused enhanced loss of

mitochondrial membrane potential, release of cytochrome c¢ and apoptosis in CF airway
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epithelial cells. Ozone exposure also caused enhanced proinflammatory cytokine (IL-8 and
GM-CSF) production in CF airway epithelial cells. Release of extracellular ATP upon
ozone exposure was diminished in CF cells, and supplementation of purine nucleotides
enhanced ozone-mediated cytokine release. These studies demonstrate that ozone
exposure may cause enhanced airway epithelial cell death and inflammation leading to
exacerbation of CF disease.

The ozone-induced enhanced inflammation in CF airways is a consequence of
decreased SERCA activity. As described in examples below, inhibition of SERCA caused
enhanced IL-8 release and overexpression of SERCA2 decreased ozone-mediated cytokine
production. (Modulation of IL-8 by SERCA2 overexpression was unknown prior to this
invention.) This would also suggest that CF airway inflammation maintains cytosolic
calcium levels by decreasing SERCA expression and slowing et reuptake (Figure 21).
Therefore, modulation of SERCA2 would prove to be a useful strategy for treating CF
inflammation or controlling exacerbations due to environmental pollutants like ozone.

As described in detail in the examples below, the present invention on the
expression of SERCA2 in CF airways relative to expression in respiratory cells and tissues
of non-CF individuals revealed that SERCA2 protein expression is decreased in CF airway
epithelial cell lines and primary polarized airway epithelial cells grown at air-liquid
interface (ALI) as well as in vivo in distal and proximal airway epithelial tissue of CF
subjects. CFTR dysfunction-induced enhanced NF-xB activation, and subsequently
increased Bcl-2 that interacted with SERCA2 to translocate it from the caveolae-related
domains (CRDs), were potential mechanisms causing decreased SERCA2 expression. In
the series of experiments involving primary cells grown at ALI, although there was
considerable variability in expression from donor to donor, the overall extent of SERCA2
protein expression was diminished in primary CF cells. Individual variability in the
primary cells could have resulted from variations in genotype, types of differentiated cells
present (mucus, ciliated, etc), the types and/or severity of infection(s) previously present,
presence of additional disease states (e.g. diabetes etc) in the donor (38), and/or types of
medications previously administered (39). Also of note, SERCA2 protein expression was
quantitatively diminished, as detected by immunohistochemistry, in epithelial cells of
large and smaller airways in lungs of CF patients. This supports the clinical relevance of

these findings.
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Previous studies indicated that altered calcium homeostasis in airway epithelial
cells of CF patients is mainly a result of inflammation and infection present (40, 41). The
airway epithelial cell lines utilized in the present studies were maintained in the absence of
infection and inflammation for months to years, and the primary cells examined were
cultured in the absence of infection and inflammatory cells for 1-6 weeks. Despite the
differences in cell environment, decreased SERCA2 expression was a constant feature of
CF airway epithelium, suggesting that it is an intrinsic feature of the disease. This was
further supported by IHC studies using lung tissues of CF patients. These tissue samples
were certainly not free of infection and chronic inflammation.

ER plays an important role in CF disease pathogenesis. Decreased SERCA2
expression was not due to a diminished ER mass in CF cells. In fact, as indicated by
staining for both the ER-specific protein PDI and an ER-specific fluorescent dye, CF
airway epithelial cells contained similar or greater quantities of ER. These findings are
generally in agreement with previous reports of expanded ER in CF (40). Although
abnormal AF508 CFTR can be both retained and degraded in ER, and transient adenoviral
overexpression of AF508 CFTR was sufficient to cause decreased SERCA2 expression in
non-CF airway epithelial cells, the findings in our study (e.g. antisense CFIR
oligonucleotide expression) do not indicate that presence of mutant CFTR(s) in the ER is
the principal cause of diminished SERCA?2 expression in CF airway epithelial cells.

Recent investigations on the modulation of SERCA2 activity have reported the
presence of an important interaction between SERCA2 and Bcl-2, resulting in SERCA2’s
translocation from CRD to membrane domains of higher density, partial unfolding, and
inactivation (19, 20). Bcl-2 is capable of interaction with SERCA1 or SERCA2. In
purified sarcoplasmic reticulum preparations, addition of Bcl-2 causes significant loss of
SERCA activity (20). Because of relevant reports in CF (42, 43), the present inventors
determined if such an interaction occurs in CF airway epithelium. Bcl-2 protein expression
and association with SERCA2 was elevated in CF relative to non-CF airway epithelial
cells. Given that Bel-2 binding to SERCA?2 in other tissues can displace it from CRD and
inactivate it, the findings reported herein suggest that similar mechanisms also could act in
lung epithelium to diminish SERCA2 protein expression and activity in the ER.

A previous study in relation to CF and Bcl-2 expression indicated that Bcl-2
expression increased mucus cell metaplasia of airway epithelial cells and that insufflation

of bacterial endotoxin could cause such changes in airways of rats (42). The present
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studies of this invention CF and non-CF airway epithelial cell lines, and of CFTR sense
and antisense oligonucleotide-expressing cells, again, were done in the absence of
bacterial infection, inflammation and endotoxin, and these cells were maintained in the
absence of these factors for extended periods of time. In addition, the cells in these
particular experiments were not cultured at air-liquid interface. Thus, unlike the present
studies of primary cell cultures grown at ALI, they could not undergo differentiation to
mucus-expressing cells and could not have had altered Bcl-2 expression in association
with mucus cell differentiation. In this case, such culture conditions were considered
advantageous as they prevented potential Bcl-2 changes due to differentiated phenotype. It
is conceivable that some variability in SERCA2 expression in CF primary airway
epithelial cells from different donors could have related to differences in mucus cell
differentiation of such cultures, but this could not have occurred in the various
transformed CF and non-CF cell lines the present inventors studied. Based on the absence
of infection, inflammation, bacterial endotoxin and mucus cell differentiation in our
experiments pertinent to Bcl-2, the findings of the present invention indicate that increased
Bcl-2 expression is an inherent feature of CF airways epithelium.

CFTR dysfunction is associated with aberrations in a number of signaling
pathways including those related to inflammation and infection. The specific link(s)
between CFTR dysfunction and increased NF-kB activation in CF cells remains
undefined. However, there are several factors that could cause this to occur (43). The
present data with overexpression of mutant CFTR provides further evidence that CFTR
dysfunction causes increased NF-kB activation/ p65 mobilization to nucleus. Increased
NF-xB-mediated proinflammatory gene transcription has been reported before (24) in the
cells expressing CFTR antisense oligonucleotide (16HBE-AS), which is another model
studied in the present invention. NF-xB is a transcriptional regulator of Bcl-2 and other
proteins of Bcl-2 family (35, 44). Thus, increased Bcl-2 in cells with CFTR dysfunction
could result, at least in part, from enhanced NF-kB activation.

Increased expression of Bcl-2 in CF airway epithelium could have beneficial
and/or detrimental effects. It could increase proliferation and diminish cell death via its
anti-apoptotic action. Increased proliferation in submucosal gland and basal cells of CF
airways has been described before (45), and this could have an important role in airway
epithelial regeneration and repair. Further, osmotic challenges routinely faced by CF

airway epithelial cells might be better tolerated in presence of Bcl-2 overexpression. CF
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epithelial cells have increased susceptibility to osmotic stress and blunted regulatory
volume decrease (RVD) responses (46, 47), and Bcl-2 overexpression can stimulate such
responses and promote survival (48). Moreover, by inhibiting apoptosis in the presence of
oxidative stress and/or infection, Bcl-2 expression at high levels could favor necrosis of
airway epithelium and enhance release of cell contents like DNA and proteolytic enzymes,
worsening airways damage and obstruction. Such effects of Bcl-2 may be site-specific. In
this context and that of the present study, it is noteworthy that others recently described a
paradoxical pro-apoptotic effect of high level Bcl-2 expression when Bcl-2 is localized to
the nucleus (49). Although Bcl-2 expression often acts to oppose apoptosis and cell death,
it might do otherwise in the context of CF, if, for example, its effects on SERCA2
secondarily alter other functions, like alternate chloride channels, that could themselves
influence cell fate.

Members of the Bcl-2 family regulate ER Ca®* homeostasis. Bel-x(L) binds to the
inositol trisphosphate receptor (InsP(3)R) Ca”* release channel to enhance Ca®" release
resulting in reduced ER [Ca®'], increased oscillations of cytoplasmic Ca®" concentration
([Cazji), and resistance to apoptosis (50). Bcl-2 also increases emptying of endoplasmic
reticulum Ca** stores during photodynamic therapy-induced apoptosis (51). Emptying of
ER stores following SERCA inhibition with thapsigargin causes cells to undergo growth
arrest or apoptotic cell death (52). Thus, Bcl-2 and Bcl-2 related proteins regulate
apoptosis by altering ER [Ca®"] via modulation of InsP(3)R and/or SERCAs (20, 53).
However, it is not clear whether reduced ER [Ca?'] or enhanced [Caz*]i signaling is most
relevant for apoptosis protection.

Although the literature is mixed on the ability of CF cells to undergo apoptosis,
recent reports indicated that CF airway epithelial cells are more prone to apoptosis and/or
necrosis than non-CF cells (54, 55). Despite the anti-apoptotic effects that Bcl-2 could
have in the CF airway, the present inventors sought to define whether downregulation of
SERCA2 in airway epithelial cells, whether via Bcl-2 or other mechanisms, impacts cell
survival there. Specifically, it was investigated herein whether diminished SERCA2
expression could enhance apoptosis and/or cell death. Primary airway epithelial cells
expressing SERCA2 siRNA showed enhanced toxicity to three different stimuli, each of
which can contribute, directly and indirectly, to oxidative stress in CF airways (56). These

included ozone, hydrogen peroxide, and TNFa+IL-1. The present invention indicated the
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capacity of SERCA2 downregulation to modulate susceptibility to cell death due to
oxidative stress.

There are multiple examples in the cardiovascular literature in which SERCA
modification can potentially affect the disease process. Oxidative stress may modify
SERCA structure and/or function (57). In CF airways, oxidative stress may be innate
and/or secondary to inflammation. Cholesterol also can affect SERCA expression (58).
Indeed, cholesterol also may accumulate excessively in CF lung (59). In one model,
heterozygous SERCA2 knockout (SERCA2a™) mice showed substantially enlarged
infarction after cardiac ischemia (60). In addition, they showed impaired postischemic
myocardial relaxation and reduced postischemic myocardial contractile function. Further,
these animals had both higher diastolic intracellular calcium without oxidative stress, as
well as higher intracellular calcium following the oxidative stress of reperfusion. The level
of reactive oxygen species production was not increased in the SERCA2 knockouts, but
the level of dysfunction related to oxidative stress was increased. Thus, there are
precedents for substantial alterations in cell survival and function in the heart with
comparable changes in SERCA2 expression to those seen in CF, relative to non-CF, lung
cells.

Intracellular calcium signaling depends upon SERCA activity. [Ca®*]; can regulate
a number of important functions pertinent to airway epithelial cells, including mucus
secretion, ciliary contraction and motility, signal transduction, and cell survival.
Diminished SERCA activity in CF could dampen such intracellular calcium signals and
blunt adaptive chloride export. Novel purinergic compounds in development for treatment
of CF are directed at stimulating intracellular calcium signals by acting on extracellular
ATP receptors that activate this process (61). Notably, it was recently reported that ATP-
induced increased short circuit currents were lower in CF than non-CF small airway
epithelial cell cultures (62). Taken together, these data suggest that SERCA inhibitor
therapy would not likely be beneficial in CF, and, further, that SERCA inhibition may
worsen airway epithelial cell survival under oxidative stress and decrease alternative
calcium-dependent chloride transport. Hence, an alternate approach using SERCA-
stimulating interventions in the freatment of CF is provided by the present invention.

The present findings indicate that the previously proposed strategy of SERCA
inhibition would not be of benefit in CF. Instead, contrary to the previous view in the
field, increasing the activity or expression of SERCA2 expression in airway cells would

provide important therapeutic benefits. While the data presented herein is based on the
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model of Cystic Fibrosis, the findings reported herein are applicable to pulmonary diseases
in general and increasing the activity of SERCA2 would provide therapeutic benefits in a
wide range of pulmonary diseases. Examples of diseases where the methods of present
invention are useful include, without limitation, asthma, Chronic obstructive pulmonary
disease (COPD), chronic bronchitis, non-CF bronchiectasis and primary ciliary dyskinesia
(PCD).

SERCA or Sarco-endoplasmic Reticulum CaZ" ATPase, is a calcium pump which
transfers Ca'? from the cytosol of the cell to the lumen of the SR. The SERCA proteins
are encoded by a family of three genes SERCAI, SERCA2 and SERCA3 that are highly
conserved but are localized on different chromosomes. The nucleotide sequences of these
genes are well known in the art. (Genomics. 1993 Aug;17(2):507-9. Chromosome
mapping of five human cardiac and skeletal muscle sarcoplasmic reticulum protein genes.
Otsu K, Fujii J, Periasamy M, Difilippantonio M, Uppender M, Ward DC, MacLennan
DH.) The SERCA isoform diversity is dramatically enhanced by alternative splicing of
the transcripts and multiple isoforms od SERCA, such as SERCAla,b, SERCA2a-c, and
SERCA3a-f, have been detected. These are well described in the art and are known to one
skilled in the art. The terms SERCA2, as used herein, refer to all SERCA2 isoforms
encoded by the SERCA2 gene.

The nucleotide sequence of the SERCA2 gene is known in the art and is available
as GenelD: 488, all the information associated with which is incorporated herein by
reference. The Genbank accession numbers for the SERCA2 isoforms a, b and c are
available respectively, as NM_170665.3, GI:161377445 (nucleotide) and NP_733765.1,
GI:24638454 (protein); NM_001681.3, GI:161377446 (nucleotide) and NP_001672.1,
GI:4502285 (protein), and NM 001135765.1, GI:209413708 (nucleotide) and
NP _001129237.1, GI:209413709 (protein). All of these sequences are incorporated herein
by reference in their entirety.

Further, the term, SERCA2 protein, may also refer to proteins encoded by allelic
variants, including naturally occurring allelic variants of nucleic acid molecules known to
encode SERCA?2 protein, that have similar, but not identical, nucleic acid sequences to
naturally occurring, or wild-type, SERCA2-encoding nucleic acid sequences. An allelic
variant is a gene that occurs at essentially the same locus (or loci) in the genome as a
SERCA2 protein gene, but which, due to natural variations caused by, for example,
mutation or recombination, has a similar but not identical sequence. Allelic variants

typically encode proteins having similar activity to that of the protein encoded by the gene
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to which they are being compared. Allelic variants can also comprise alterations in the 5'
or 3' untranslated regions of the gene (e.g., in regulatory control regions).

According to the present invention, a subject may include any member of the
vertebrate class, Mammalia, including, without limitation, primates, rodents, livestock and
domestic pets. A preferred subject includes a human, a rodent, a monkey, a sheep, a pig, a
cat, a dog and a horse. An even more preferred subject is a human.

The methods of the present invention provide therapeutic benefit in the freatment
of a pulmonary disease. As such, a therapeutic benefit is not necessarily a cure for a
particular disease or condition, but rather, preferably encompasses a result which most
typically includes alleviation of the disease or condition or increased survival, elimination
of the disease or condition, reduction of a symptom associated with the disease or
condition, prevention or alleviation of a secondary disease or condition resulting from the
occurrence of a primary disease or condition, and/or prevention of the disease or
condition.

As used herein, the phrase "to treat a pulmonary disease” refers to reducing the
potential for a pulmonary disease; reducing the occurrence of the disease, and/or reducing
the severity of the disease, preferably, to an extent that the subject no longer suffers
discomfort and/or altered function due to it. For example, treating can refer to the ability
of a compound, when administered to a subject, to prevent a disease from occurring and/or
to cure or to alleviate disease symptoms, signs or causes. The term, “disease” refers to any
deviation from the normal health of a mammal and includes a state when disease
symptoms are present, as well as conditions in which a deviation (e.g., infection, gene
mutation, genetic defect, etc.) has occurred, but symptoms are not yet manifested.

In one embodiment, the present invention includes a method to protect a subject
from exposure to an oxidizing gas. As used herein, the phrase "to protect from” a
condition or disease refers to reducing the symptoms of the condition or disease; reducing
the occurrence of the condition or disease, and/or reducing the severity of the condition or
disease. Protecting a subject can refer to the ability of a composition of the present
invention, when administered to a subject, to prevent a condition or disease from occurring
and/or to cure or to alleviate disease symptoms, signs or causes. As such, to protect a
subject from a disease includes both preventing the condition or disease occurrence
(prophylactic treatment) and treating a subject that has a disease (therapeutic treatment).
A beneficial effect can easily be assessed by one of ordinary skill in the art and/or by a

trained clinician who is treating the subject.
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As described herein, when a subject has a pre-existing pulmonary disease,
exposure to an oxidizing gas can lead to exacerbation of the disease. This may be due an
enhanced apoptosis and/or cell death, and inflammation in the lung cells. Examples of an
oxidizing gas include, without limitation, ozone, mustard gas and chlorine. The oxidizing
gas may also be oxygen. The situations in which the oxidizing gas may be oxygen include
situations where a high amount of oxygen is given therapeutically. In a preferred
embodiment the oxidizing gas may be ozone.

In some embodiments, the pulmonary disease may be asthma, Chronic obstructive
pulmonary disease (COPD), chronic bronchitis, non-CF bronchiectasis and primary ciliary
dyskinesia (PCD). In a preferred embodiment, it is cystic fibrosis.

In some embodiments, the method of the present invention includes a step of
increasing the biological activity of the SERCA2 protein in the cells of a subject. The
subject has, or is at risk of developing, a pulmonary disease. The cells referred herein
include lung cells that normally express the SERCA2 protein. Examples of such cells may
include, without limitation, epithelial cells which includes multiple epithelial cell types
known in the art, and smooth muscle cells. The cells may further include those around
airways and blood vessels. In some embodiments, cells to be targeted may be airway
(nasal & tracheal/bronchial) epithelial cells. In further embodiments, cells to be targeted
may be endothelial cells, smooth muscle cells and neutrophils. These may also include
stem cells or progenitor cells isolated from the airways. In a preferred embodiment, the
cells are airway epithelial cells.

An increase in SERCA2 biological activity is defined herein as any measurable
(detectable) increase (i.e., upregulation, stimulation, enhancement) of the activity of the
SERCA2. As used herein, to increase SERCA2 biological activity refers to any
measurable increase in SERCA2 biological activity by any suitable method of
measurement. The SERCA2 activity may be defined in terms of rate of Ca' transport.
Methods of measuring SERCA2 activity are well known in the art. For example, SERCA
activity may be determined using the calcium sensitive dye Fluo-4/AM as described
before (Cell Calcium, 2005 Mar;37(3):251-8, Elevated Caz+(i) transients induced by
trimethyltin chloride in HeLa cells: types and levels of response, Florea AM, Dopp E,
Biisselberg D), using the highthrough put assay kit from Molecular probes (Invitrogen,
Carlsbad CA). Briefly, media is removed from the top of cells cultured to confluence in a
96-well plate and replaced with 100 pul 1.0 pM Fluo-4 dye in assay buffer. The plate is
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incubated for 30 min at 37 °C and then at room temperature for 30 min. Fluoresence
(Ex496 nm/ Em 516nm) is then recorded using a fluorescent plate reader (BioTEK,
Winooski, VT) equipped with 488 argon laser. Ty_pic.ally extracellular ATP (50-100 OM)
is used as a stimulator of cytosolic calcium and buffer was control.

Increasing SERCA2 biological activity can be accomplished by administering to
the subject an agent that increases the total biological activity of the SERCA2 protein in
the cells of the subject. In some embodiments the agent may comprise a SERCA2 protein
or a homologue thereof. It may also be a synthetic homologue or mimetic. It may be a
naturally occurring SERCA?2 protein that is obtained by purification from animal tissue.
Additionally, it may be a recombinant protein.

In some embodiments, the agent may comprise a compound that increases the
expression of or overexpresses the SERCA2 protein in the cells. Overexpression of
SERCAZ2 refers to an increase in expression of the SERCA2 over a normal, endogenous
level of SERCA2 expression. For cell types which express detectable levels of the
SERCA2 under normal conditions, an overexpression is any statistically significant
increase in expression of the SERCA2 (p<0.05) (or constitutive expression where
expression is normally not constitutive) over endogenous levels of expression.

The increase in expression or overexpression may be achieved by increasing the
transcription and/or the translation of the endogenous SERCA2 gene. In one aspect of this
embodiment, the SERCA2 can be effectively overexpressed in a cell by increasing the
activity of a promoter for the SERCA2 gene in the cell such that expression of endogenous
SERCA2 in the cell is increased. In such embodiments, the agent may comprise a
compound that is a transcriptional activator of the SERCA2 gene.

Another method by which SERCA2 overexpression can be achieved is by
transfecting the cells with a recombinant nucleic acid molecule encoding the SERCA2
protein, wherein the recombinant SERCA2 is expressed by the cell. Thus, the agent may
comprise a recombinant nucleic acid molecule that is capable of encoding the SERCA2
protein or a homologue thereof. Suitable vectors and methods of transfection of cells are
well known in the art. Transfection of a nucleic acid molecule according to the present
invention can be accomplished by any method by which a nucleic acid molecule can be
introduced into the cell in vivo, and includes, but is not limited to, transfection,
electroporation, microinjection, lipofection, adsorption, viral infection, naked DNA

injection and protoplast fusion.
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Preferably, a recombinant nucleic acid molecule is produced using recombinant
DNA technology (e.g., polymerase chain reaction (PCR) amplification, cloning). Suitable
nucleic acid sequences encoding the SERCA2 for use in a recombinant nucleic acid
molecule of the present invention include any nucleic acid sequence that encodes the
SERCA2 protein having biological activity and suitable for use in the target host cell. For
example, when the target host cell is a human cell, human SERCA2-encoding nucleic acid
sequences are preferably used, although the present invention is not limited to strict use of
naturally occurring sequences or same-species sequences.

A recombinant nucleic acid molecule includes a recombinant vector comprising
the isolated nucleic acid molecule encoding a SERCA2 protein, operatively linked to a
transcription control sequence. The phrase "operatively linked" refers to linking a nucleic
acid molecule to a transcription control sequence in a manner such that the molecule is
expressed when transfected (i.e., transformed, transduced or transfected) into a host cell.
Transcription control sequences are sequences that control the initiation, elongation, and
termination of transcription. The vector may further comprise translation control
sequences, origins of replication, and other regulatory sequences that are compatible with
the host cell, which is capable of enabling recombinant production of the SERCA2 protein
and of delivering the nucleic acid molecule into the host cell.

Such a vector may contain nucleic acid sequences that are not naturally found
adjacent to the isolated nucleic acid molecules to be inserted into the vector. The vector
may be either RNA or DNA, either prokaryotic or eukaryotic. In some embodiments, the
vector may be a virus or a plasmid. Recombinant vectors can be used in the cloning,
sequencing, and/or otherwise manipulating of nucleic acid molecules. Recombinant
vectors are preferably used in the expression of nucleic acid molecules, and can also be
referred to as expression vectors.

Particularly important transcription control sequences are those that control
transcription initiation, such as promoter, enhancer, operator and repressor sequences.
Suitable transcription control sequences include any transcription control sequence that
can function in a host cell according to the present invention. A variety of suitable
transcription control sequences are known to those skilled in the art. Preferred
transcription control sequences include those which function in the subject’s cells, with
cell- or tissue-specific transcription control sequences being particularly preferred.
Examples of transcription control sequences include, but are not limited to, franscription

control sequences useful for expression of a protein in airway epithelial cells and the
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naturally occurring SERCA2 promoter. Transcription control sequences may include
inducible promoters, cell-specific promoters, tissue-specific promoters and enhancers.
Suitable promoters for these and other cell types will be easily determined by those of skill
in the art. Transcription control sequences of the present invention can also include
naturally occurring transcription control sequences naturally associated with the protein to
be expressed prior to isolation.

The recombinant nucleic acid molecule encoding a SERCA2 protein or homologe
thereof, may include a recombinant viral vector. Such a vector includes a recombinant
nucleic acid sequence encoding a SERCA2 protein of the present invention that is
packaged in a viral coat that can be expressed in a host cell in an animal or ex vivo after
administration. A number of recombinant viral vectors can be used, including, but not
limited to, those based on alphaviruses, poxviruses, adenoviruses, herpesviruses,
lentiviruses, adeno-associated viruses and retroviruses. Viral vectors suitable for gene
delivery are well known in the art and can be selected by the skilled artisan for use in the
present invention. A detailed discussion of current viral vectors is provided in "Molecular
Biotechnology," Second Edition, by Glick and Pasternak, ASM Press, Washington D.C.,
1998, pp. 555-590, the entirety of which is incorporated herein by reference.

For example, a retroviral vector, which is useful when it is desired to have a
nucleic acid sequence inserted into the host genome for long term expression, can be
packaged in the envelope protein of another virus so that it has the binding specificity and
infection spectrum that are determined by the envelope protein (e.g., a pseudotyped virus).
In addition, the envelope gene can be genetically engineered to include a DNA element
that encodes and amino acid sequence that binds to a cell receptor to create a recombinant
retrovirus that infects a specific cell type. Expression of the SERCA2 gene can be further
controlled by the use of a cell or tissue-specific promoter. Retroviral vectors have been
successfully used to transfect cells with a gene which is expressed and maintained in a
variety of ex vivo systems. An adenoviral vector may also be used in the present method.
An adenoviral vector infects a wide range of human cells and has been used extensively in
live vaccines. Adenoviral vectors used in gene therapy do not integrate into the host
genome, and therefore, gene therapy using this system requires periodic administration,
although methods have been described which extend the expression time of adenoviral
transferred genes, such as administration of antibodies directed against T cell receptors at
the site of expression (Sawchuk et al., 1996, Hum. Gene. Ther. 7:499-506). The efficiency

of adenovirus-mediated gene delivery can be enhanced by developing a virus that
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preferentially infects a particular target cell. For example, a gene for the attachment fibers
of adenovirus can be engineered to include a DNA element that encodes a protein domain
that binds to a cell-specific receptor. Examples of successful in vivo delivery of genes
has been demonstrated and are well known. Yet another type of viral vector is based on
adeno-associated viruses, which are small, nonpathogenic, single-stranded human viruses.
This virus can integrate into a specific site on chromosome 19. This virus can carry a
cloned insert of about 4.5 kb, and has typically been successfully used to express proteins
in vivo from 70 days to at least 5 months. Demonstrating that the art is quickly advancing
in the area of gene therapy, however, a publication by Bennett et al. reported efficient and
stable transgene expression by adeno-associated viral vector transfer in vivo for greater
than 1 year (Bennett et al., 1999, Proc. Natl. Acad. Sci. USA 96:9920-9925).

Suitable cells to transfect with a recombinant nucleic acid molecule according to
the present invention may include any mammalian host cell that can be transfected, that
normally or endogenously expresses the SERCA2 protein. Host cells can be either
untransfected cells or cells that are already transfected with at least one nucleic acid
molecule. Host cells according to the present invention can be any epithelial airway cell
capable of producing a SERCA?2 protein or in which it is desired to produce the SERCA2.
A host cell can also be referred to as a target cell or a targeted cell in vivo, in which a
recombinant nucleic acid molecule encoding a SERCA2 protein having the biological
activity of the SERCA2 is to be expressed. As used herein, the term "target cell" or
"targeted cell" refers to a cell to which a recombinant nucleic acid molecule of the present
invention is selectively designed to be delivered. The term target cell does not necessarily
restrict the delivery of a recombinant nucleic acid molecule only to the target cell and no
other cell, but indicates that thel delivery of the recombinant molecule, the expression of
the recombinant molecule, or both, are specifically directed to a preselected host cell.

Targeting delivery vehicles, including liposomes, are known in the art. For
example, a liposome can be directed to a particular target cell or tissue by using a targeting
agent, such as an antibody, soluble receptor or ligand, incorporated with the liposome, to
target a particular cell or tissue to which the targeting molecule can bind. Targeting
liposomes are described, for example, in Ho et al., 1986, Biochemistry 25: 5500-6; Ho et
al., 1987a, J Biol Chem 262: 13979-84; Ho et al., 1987b, J Biol Chem 262: 13973-8; and
U.S. Patent No. 4,957,735 to Huang et al., each of which is incorporated herein by
reference in its entirety). Ways in which viral vectors can be modified to deliver a nucleic

acid molecule to a target cell have been discussed above. Alternatively, the route of
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administration, as discussed below, can be used to target a specific cell or tissue. For
example, intracoronary administration of an adenoviral vector has been shown to be
effective for the delivery of a gene cardiac myocytes (Maurice et al., 1999, J. Clin. Invest.
104:21-29). Intravenous delivery of cholesterol-containing cationic liposomes has been
shown to preferentially target pulmonary tissues (Liu et al., Nature Biotechnology 15:167,
1997), and effectively mediate transfer and expression of genes in vivo. Other examples
of successful targeted in vivo delivery of nucleic acid molecules are known in the art.
Finally, a recombinant nucleic acid molecule can be selectively (i.e., preferentially,
substantially exclusively) expressed in a target cell by selecting a franscription control
sequence, and preferably, a promoter, which is selectively induced in the target cell and
remains substantially inactive in non-target cells.

In one embodiment of the present invention, a recombinant nucleic acid molecule
of the present invention is administered to a subject in a liposome delivery vehicle,
whereby the nucleic acid sequence encoding the SERCA2 protein enters the host cell (i.e.,
the target cell) by lipofection. A liposome delivery vehicle contains the recombinant
nucleic acid molecule and delivers the molecules to a suitable site in a host recipient.
According to the present invention, a liposome delivery vehicle comprises a lipid
composition that is capable of delivering a recombinant nucleic acid molecule of the
present invention, including both plasmids and viral vectors, to a suitable cell and/or tissue
in a subject. A liposome delivery vehicle of the present invention comprises a lipid
composition that is capable of fusing with the plasma membrane of the target cell to
deliver the recombinant nucleic acid molecule into a cell. A liposome delivery vehicle can
also be used to deliver a protein, drug, or other regulatory compound to a subject.

A liposome delivery vehicle of the present invention can be modified to target a
particular site in a subject (i.e., a targeting liposome), thereby targeting and making use of
a nucleic acid molecule of the present invention at that site. Suitable modifications
include manipulating the chemical formula of the lipid portion of the delivery vehicle.
Manipulating the chemical formula of the lipid portion of the delivery vehicle can elicit
the extracellular or intracellular targeting of the delivery vehicle. For example, a chemical
can be added to the lipid formula of a liposome that alters the charge of the lipid bilayer of
the liposome so that the liposome fuses with particular cells having particular charge
characteristics. Other targeting mechanisms include targeting a site by addition of
exogenous targeting molecules (i.e., targeting agents) to a liposome (e.g., antibodies,

soluble receptors or ligands).
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A liposome delivery vehicle is preferably capable of remaining stable in a subject
for a sufficient amount of time to deliver a nucleic acid molecule of the present invention
to a preferred site in the subject (i.e., a target cell). A liposome delivery vehicle of the
present invention is preferably stable in the subject into which it has been administered for
at least about 30 minutes, more preferably for at least about 1 hour and even more
preferably for at least about 24 hours. A preferred liposome delivery vehicle of the
present invention is from about 0.01 microns to about 1 microns in size.

Suitable liposomes for use with the present invention include any liposome.
Preferred liposomes of the present invention include those liposomes commonly used in,
for example, gene delivery methods known to those of skill in the art. Preferred liposome
delivery vehicles comprise multilamellar vesicle (MLV) lipids and extruded lipids.
Methods for preparation of MLV's are well known in the art. According to the present
invention, "extruded lipids" are lipids which are prepared similarly to MLV lipids, but
which are subsequently extruded through filters of decreasing size. Small unilamellar
vesicle (SUV) lipids can also be used in the composition and method of the present
invention. In one embodiment, liposome delivery vehicles comprise liposomes having a
polycationic lipid composition (i.e., cationic liposomes) and/or liposomes having a
cholesterol backbone conjugated to polyethylene glycol. In a preferred embodiment,
liposome delivery vehicles useful in the present invention comprise one or more lipids
selected from the group of DOTMA, DOTAP, DOTIM, DDAB, and cholesterol.

Preferably, the transfection efficiency of a nucleic acid:liposome complex of the
present invention is at least about 1 picogram (pg) of protein expressed per milligram (mg)
of total tissue protein per microgram (ug) of nucleic acid delivered. More preferably, the
transfection efficiency of a nucleic acid:liposome complex of the present invention is at
least about 10 pg of protein expressed per mg of total tissue protein per pg of nucleic acid
delivered; and even more preferably, at least about 50 pg of protein expressed per mg of
total tissue protein per pg of nucleic acid delivered; and most preferably, at least about 100
pg of protein expressed per mg of total tissue protein per pg of nucleic acid delivered.

Complexing a liposome with a nucleic acid molecule of the present invention can
be achieved using methods standard in the art. A suitable concentration of a nucleic acid
molecule of the present invention to add to a liposome includes a concentration effective
for delivering a sufficient amount of recombinant nucleic acid molecule into a target cell
of a subject such that the SERCA2 protein encoded by the nucleic acid molecule can be

expressed in a an amount effective to inhibit the growth of the target cell or to inhibit or
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promote angiogenesis at a tissue site. Preferably, from about 0.1 pg to about 10 pg of
nucleic acid molecule of the present invention is combined with about 8 nmol liposomes.
In one embodiment, the ratio of nucleic acids to lipids (pug nucleic acid:nmol lipids) in a
composition of the present invention is preferably at least from about 1:10 to about 6:1
nucleic acid:lipid by weight (i.e., 1:10 = 1 pg nucleic acid:10 nmol lipid).

According to the method of the present invention, a host cell is preferably
transfected in vivo as a result of administration to a subject of a recombinant nucleic acid
molecule, or ex vivo, by removing cells from a subject and transfecting the cells with a
recombinant nucleic acid molecule ex vivo.

In some embodiments, the agent may include a SERCAZ2 activator compound that
increases the biological activity of the SERCA2 protein. Such compound may act directly
on the endogenous SERCA2 protein to increase or enhance or stimulate its biological
activity. Such compounds may be pharmacological activators or stimulators of the
SERCA2 protein. Such activator compounds are known in the art and many are
commercially available. Examples include, without limitation, PST2744 or Istaroxime
((E,Z)-3-((2-aminoethoxy)imino) androstane-6,17-dione hydrochloride), Memnopeptide
A, JTV-519, and CDN1054. Such compounds may further include Beta-adrenergic
stimulators, examples of which include, without limitation, albuterol and xopenex. Such
compounds may also include growth factor, examples of which include, without
limitation, IGF (insulin like growth factor) and EGF (epithelial growth factor). Such
compunds may also include a drug, such as rosiglitazone In other embodiments, such
agent may act indirectly on the SERCA2 protein to increase or enhance or stimulate its
biological activity, and may be an inhibitor of an inhibitor of SERCA2 or an activator of
an activator of the SERCA2 protein.

Optionally, the agent may be a protein, nucleic acid molecule, antibody, or a
compound that is a product of rational drug design (i.e., drugs) that increases the
biological activity of the SECA2 protein.

According to the present invention, the agent that increases the biological activity
of the SERCA2 protein, may be administered with a pharmaceutically acceptable carrier,
which includes pharmaceutically acceptable excipients and/or delivery vehicles, for
delivering the agent to a subject (e.g., a liposome delivery vehicle). As used herein, a
pharmaceutically acceptable carrier refers to any substance suitable for delivering a
therapeutic composition useful in the method of the present invention to a suitable in vivo

or ex vivo site. Preferred pharmaceutically acceptable carriers are capable of maintaining
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the agent of the present invention in a form that, upon arrival of the agent to a target cell,
the agent is capable of entering the cell and increasing the SERCA2 activity in the cell.
Suitable excipients of the present invention include excipients or formularies that transport
or help transport, but do not specifically target a nucleic acid molecule to a cell (also
referred to herein as non-targeting carriers). Examples of pharmaceutically acceptable
excipients include, but are not limited to water, phosphate buffered saline, Ringer's
solution, dextrose solution, serum-containing solutions, Hank's solution, other aqueous
physiologically balanced solutions, oils, esters and glycols. Aqueous carriers can contain
suitable auxiliary substances required to approximate the physiological conditions of the
recipient, for example, by enhancing chemical stability and isotonicity.

Suitable auxiliary substances include, for example, sodium acetate, sodium chloride,
sodium lactate, potassium chloride, calcium chloride, and other substances used to
produce phosphate buffer, Tris buffer, and bicarbonate buffer. Auxiliary substances can
also include preservatives, such as thimerosal, m- or o-cresol, formalin and benzol alcohol.
Compositions of the present invention can be sterilized by conventional methods and/or
lyophilized.

One type of pharmaceutically acceptable carrier includes a controlled release
formulation that is capable of slowly releasing a composition of the present invention into
an animal. As used herein, a controlled release formulation comprises the agent that
increases the biological activity of the SERCA2 protein in a controlled release vehicle.
Suitable controlled release vehicles include, but are not limited to, biocompatible
polymers, other polymeric matrices, capsules, microcapsules, microparticles, bolus
preparations, osmotic pumps, diffusion devices, liposomes, lipospheres, and transdermal
delivery systems. Natural lipid-containing delivery vehicles include cells and cellular
membranes. Artificial lipid-containing delivery vehicles include liposomes and micelles.
A delivery vehicle of the present invention can be modified to target to a particular site in
a subject, thereby targeting and making use of a nucleic acid molecule at that site.
Suitable modifications include manipulating the chemical formula of the lipid portion of
the delivery vehicle and/or introducing into the vehicle a targeting agent capable of
specifically targeting a delivery vehicle to a preferred site, for example, a preferred cell
type.

As discussed above, a composition of the present invention is administered to a
subject in a manner effective to deliver the agent to a target cell. When a SERCA2 protein

or a homolog thereof is to be delivered to a target cell in a subject, it is administered in a
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manner whereby the delivered SERCA2 protein is active in the target cell. When a
SERCA2 recombinant molecule is to be delivered to a target cell in a subject, it is
administered in a manner whereby the SERCA2 protein encoded by the recombinant
nucleic acid molecule is expressed in the target cell. When a SERCA2 activator
compound is to be delivered to a target cell in a subject, the composition is administered in
a manner effective to deliver the SERCA2 regulatory compound to the target cell,
whereby the compound can act on the cell so that the expression or biological activity of
the SERCA2 is increased. Suitable administration protocols include any in vivo or ex vivo
administration protocol.

According to the present invention, an effective administration protocol (i.e.,
administering a composition in an effective manner) comprises suitable dose parameters
and modes of administration that result in increase in the biological activity of the
SERCA2 protein, in a target cell of a subject, so that the subject obtains some measurable,
observable or perceived benefit from such administration. Effective dose parameters can
be determined by experimentation using in vitro cell cultures, in vivo animal models, and
eventually, clinical trials if the subject is human. Effective dose parameters can be
determined using methods standard in the art for a particular disease or condition that the
subject has or is at risk of developing. Such methods include, for example, determination
of survival rates, side effects (i.e., toxicity) and progression or regression of disease.

According to the present invention, preferred routes of administration will be
apparent to those of skill in the art, depending on the type of delivery vehicle used,
whether the compound is a protein, nucleic acid, or other compound (e.g., a drug) and the
level of disease or condition experienced by the subject. Preferred methods of in vivo
administration include, but are not limited to, intravenous administration, intraperitoneal
administration, intramuscular administration, intracoronary administration, intraarterial
administration (e.g., into a carotid artery), subcutaneous administration, transdermal
delivery, intratracheal administration, subcutaneous administration, intraarticular
administration, intraventricular administration, inhalation (e.g., aerosol), intracerebral,
nasal, oral, pulmonary administration, impregnation of a catheter, and direct injection into
a tissue. These administrations can be performed using methods standard in the art. Oral
delivery can be performed by complexing a therapeutic composition of the present
invention to a carrier capable of withstanding degradation by digestive enzymes in the gut
of an animal. Examples of such carriers, include plastic capsules or tablets, such as those

known in the art. One method of local administration is by direct injection.
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Administration of a composition locally within the area of a target cell refers to injecting
the composition centimeters and preferably, millimeters from the target cell or tissue.

The agent may be provided in any suitable form, including without limitation, a
tablet, a powder, an effervescent tablet, an effervescent powder, a capsule, a liquid, a
suspension, a granule or a syrup.

In accordance with the present invention, a suitable single dose of a recombinant
nucleic acid molecule encoding a SERCA2 protein as described herein is a dose that is
capable of transfecting a host cell and being expressed in the host cell at a level sufficient,
in the absence of the addition of any other factors or other manipulation of the host cell, to
treat the pulmonary disease when administered one or more times over a suitable time
period. Doses can vary depending upon the cell type being targeted, the route of
administration, the delivery vehicle used, and the disease or condition being treated.

Another embodiment of the present invention relates to a method (i.e., an assay)
for diagnosing a pulmonary disease or the potential therefor in a subject. In one aspect of
this embodiment, the method includes the steps of: (a) detecting a level of expression or
activity of the SERCA2 protein in a test sample from a subject to be diagnosed; and (b)
comparing the level of expression or activity of the SERCA2 in the test sample to a
normal level of SERCA2 expression or activity established from a control sample.
According to the present invention, detection of the SERCA2 can be achieved by any
known method that detects the expression of the SERCA2 or measures the activity of the
SERCA2 protein. Detection of a statistically significant difference in SERCA2 expression
or activity in the test sample, as compared to the control level of SERCA2 expression or
biological activity, is an indicator of the pulmonary disease in the test sample as compared
to cells in the control sample.

This method of the present invention has several different uses. First, the method
can be used to diagnose the pulmonary disease, or the potential for the pulmonary disease
in a subject. The subject can be an individual who is suspected of having the pulmonary
disease, or an individual who is presumed to be healthy, but who is undergoing a routine
or diagnostic screening for the presence of the pulmonary disease. The terms "diagnose”,
"diagnosis", "diagnosing" and variants thereof refer to the identification of a disease or
condition on the basis of its signs and symptoms. As used herein, a "positive diagnosis"
indicates that the disease or condition, or a potential for developing the disease or
condition, has been identified. In contrast, a "negative diagnosis" indicates that the disease

or condition, or a potential for developing the disease or condition, has not been identified.
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Therefore, in the present invention, a positive diagnosis (i.e., a positive assessment) of the
pulmonary disease, such as CF, or the potential therefor, means that the indicators (e.g.,
signs, symptoms) of the pulmonary disease according to the present invention (i.e., a
change in SERCA2 expression or biological activity as compared to a baseline control)
have been identified in the sample obtained from the subject. Such a subject can then be
prescribed treatment to reduce or eliminate the pulmonary disease. Similarly, a negative
diagnosis (i.e., a negative assessment) for the pulmonary disease or a potential therefor
means that the indicators of the pulmonary disease or a likelihood of developing the
pulmonary disease as described herein (i.e., a change in SERCA2 expression or biological
activity as compared to a baseline control) have not been identified in the sample obtained
from the subject. In this instance, the subject is typically not prescribed any treatment, but
may be reevaluated at one or more timepoints in the future to again assess presence of the
pulmonary disease. Baseline levels for this particular embodiment of the method of
diagnosis of the present invention are typically based on a "normal" or "healthy" sample
from the same bodily source as the test sample (i.e., the same tissue, cells or bodily fluid),
as discussed in detail below.

The first step of the method of the present invention includes detecting SERCA2
expression or biological activity in a test sample from a subject. According to the present
invention, the term "test sample" can be used generally to refer to a sample of any type
which contains cells to be evaluated by the present method, including but not limited to, a
sample of isolated cells, a tissue sample and/or a bodily fluid sample. Bodily fluids
suitable for sampling include, but are not limited to, bronchoalveolar lavage (BAL) fluid,
mucus, blood, seminal fluid, saliva, breast milk, bile and urine.

According to the present invention, a sample of isolated cells is a specimen of
cells, typically in suspension or separated from connective tissue which may have
connected the cells within a tissue in vivo, which have been collected from an organ,
tissue or fluid by any suitable method which results in the collection of a suitable number
of cells for evaluation by the method of the present invention. The cells in the cell sample
are not necessarily of the same type, although purification methods can be used to enrich
for the type of cells that are preferably evaluated. Cells can be obtained, for example, by
scraping of a tissue, processing of a tissue sample to release individual cells, or isolation
from a bodily fluid. A tissue sample, although similar to a sample of isolated cells, is
defined herein as a section of an organ or tissue of the body which typically includes

several cell types and/or cytoskeletal structure which holds the cells together. One of skill
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in the art will appreciate that the term "tissue sample" may be used, in some instances,
interchangeably with a "cell sample", although it is preferably used to designate a more
complex structure than a cell sample.

Once a sample is obtained from the subject, the sample is evaluated for detection
of SERCA2 expression or biological activity in the cells of the sample. The phrase
"SERCA2 expression" can generally refer to SERCA2 mRNA transcription or SERCA2
protein translation. Preferably, the method of detecting SERCA2 expression or biological
activity in the subject is the same or qualitatively equivalent to the method used for
detection of SERCA2 expression or biological activity in the sample used to establish the
baseline level.

Methods suitable for detecting SERCA2 transcription include any suitable method
for detecting and/or measuring mRNA levels from a cell or cell extract. Such methods
include, but are not limited to: polymerase chain reaction (PCR), reverse transcriptase
PCR (RT-PCR), in situ hybridization, Northern blot, sequence analysis, gene microarray
analysis (gene chip analysis) and detection of a reporter gene. Such methods for detection
of transcription levels are well known in the art, and many of such methods are described
in detail in the attached examples, in Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Labs Press, 1989 and/or in Glick et al., Molecular
Biotechnology: Principles and Applications of Recombinant DNA, ASM Press, 1998;
Sambrook et al., ibid., and Glick et al., ibid. are incorporated by reference herein in their
entireties.

SERCA2 expression can also be identified by detection of SERCA2 translation
(i.e., detection of SERCA2 protein in a sample). Methods suitable for the detection of
SERCA2 protein include any suitable method for detecting and/or measuring proteins
from a cell or cell extract. Such methods include, but are not limited to, immunoblot (e.g.,
Western blot), enzyme-linked immunosorbant assay (ELISA), radioimmunoassay (RIA),
immunoprecipitation, immunohistochemistry and immunofluorescence.  Particularly
preferred methods for detection of proteins include any single-cell assay, including
immunohistochemistry and immunofluorescence assays. Such methods are well known in
the art. Furthermore, antibodies against certain of the SERCA2 described herein are
known in the art and are described in the public literature, and methods for production of
antibodies that can be developed against SERCA2 are well known in the art. The activity
of the SERCA2 protein can be measured by any method known in the art or as described

herein.
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The method of the present invention includes a step of comparing the level of
SERCA2 expression or biological activity detected in step (a) to a baseline level (also
known as a control level) of SERCA2 expression or biological activity established from a
control sample. According to the present invention, a "baseline level" is a control level,
and in some embodiments (but not all embodiments, depending on the method), a normal
level, of SERCA2 expression or activity against which a test level of SERCA2 expression
or biological activity (i.e., in the test sample) can be compared. Therefore, it can be
determined, based on the control or baseline level of SERCA2 expression or biological
activity, whether a sample to be evaluated for a pulmonary disease has a measurable
increase, decrease, or substantially no change in SERCA2 expression or biological
activity, as compared to the baseline level. The term "negative control" or "normal
control" used in reference to a baseline level of SERCA2 expression or biological activity
typically refers to a baseline level established in a sample from the subject or from a
population of individuals which is believed to be normal (i.e., non-disease). In another
embodiment, a baseline can be indicative of a positive diagnosis of the disease. Such a
baseline level, also referred to herein as a "positive control" baseline, refers to a level of
SERCA?2 expression or biological activity established in a cell sample from the subject,
another subject, or a population of individuals, wherein the sample was believed to be
diseased.

In yet another embodiment, the baseline level can be established from a previous
sample from the subject being tested, so that the disease of a subject can be monitored
over time and/or so that the efficacy of a given therapeutic protocol can be evaluated over
time. In such embodiments, the baseline level of SERCA2 expression or biological
activity is determined from at least one measurement of SERCA?2 expression or biological
activity in a previous sample from the same subject. Such a sample is from the subject at a
different time point than the sample to be tested. In one embodiment, the previous sample
resulted in a negative diagnosis (i.e., no disease, or potential therefor, was identified). In
this embodiment, a new sample is evaluated periodically (e.g., at annual physicals), and as
long as the subject is determined to be negative for the disease, an average or other
suitable statistically appropriate baseline of the previous samples can be used as a
"negative control" for subsequent evaluations. For the first evaluation, an alternate control
can be used, as described below, or additional testing may be performed to confirm an
initial negative diagnosis, if desired, and the value for SERCA2 expression or biological

activity can be used thereafter. This type of baseline control is frequently used in other
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clinical diagnosis procedures where a "normal" level may differ from subject to subject
and/or where obtaining an autologous control sample at the time of diagnosis is not
possible, not practical or not beneficial.

In another embodiment, the previous sample from the subject may have resulted in
a positive diagnosis (i.e., the disease was positively identified). In this embodiment, the
baseline provided by the previous sample is effectively a positive control for the disease,
and the subsequent samplings of the subject are compared to this baseline to monitor the
progress of the disease and/or to evaluate the efficacy of a treatment that is being
prescribed for the disease. In this embodiment, it may also be beneficial to have a
negative baseline level of SERCA2 expression or biological activity (i.e., a normal cell
baseline control), so that a baseline for regression of the disease can be set. Monitoring of
a subject's disease can be used by the clinician to modify the disease treatment for the
subject based on whether an increase or decrease in SERCAZ2 is indicated.

Another method for establishing a baseline level of SERCA2 expression or
biological activity is to establish a baseline level of SERCA2 expression or biological
activity from control samples, and preferably control samples that were obtained from a
population of matched individuals. It is preferred that the control samples are of the same
sample type as the sample type to be evaluated for SERCA2 expression or biological
activity (e.g., the same cell type, and preferably from the same tissue or organ).
According to the present invention, the phrase "matched individuals" refers to a matching
of the control individuals on the basis of one or more characteristics which are suitable for
the disease to be evaluated. For example, control individuals can be matched with the
subject to be evaluated on the basis of gender, age, race, or any relevant biological or
sociological factor that may affect the baseline of the control individuals and the subject
(e.g., preexisting conditions, consumption of particular substances, levels of other
biological or physiological factors). To establish a control or baseline level of SERCA2
expression or biological activity, samples from a number of matched individuals are
obtained and evaluated for SERCA2 expression or biological activity. The sample type is
preferably of the same sample type and obtained from the same organ, tissue or bodily
fluid as the sample type to be evaluated in the test subject. The number of matched
individuals from whom control samples must be obtained to establish a suitable control
level (e.g., a population) can be determined by those of skill in the art, but should be
statistically appropriate to establish a suitable baseline for comparison with the subject to

be evaluated (i.e., the test subject). The values obtained from the control samples are
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statistically processed using any suitable method of statistical analysis to establish a
suitable baseline level using methods standard in the art for establishing such values.

It will be appreciated by those of skill in the art that a baseline need not be
established for each assay as the assay is performed but rather, a baseline can be
established by referring to a form of stored information regarding a previously determined
baseline level of SERCA2 expression for a given control sample, such as a baseline level
established by any of the above-described methods. Such a form of stored information can
include, for example, but is not limited to, a reference chart, listing or electronic file of
population or individual data regarding "normal" (negative control) or disease positive
SERCA2 expression; a medical chart for the subject recording data from previous
evaluations; or any other source of data regarding baseline SERCA2 expression that is
useful for the subject to be diagnosed.

After the level of SERCA2 expression or biological activity is detected in the
sample to be evaluated for the pulmonary disease, such level is compared to the
established baseline level of SERCA2 expression or biological activity, determined as
described above. Also, as mentioned above, preferably, the method of detecting used for
the sample to be evaluated is the same or qualitatively and/or quantitatively equivalent to
the method of detecting used to establish the baseline level, such that the levels of the test
sample and the baseline can be directly compared. In comparing the test sample to the
baseline control, it is determined whether the test sample has a measurable decrease or
increase in SERCA2 expression or biological activity over the baseline level, or whether
there is no statistically significant difference between the test and baseline levels. After
comparing the levels of SERCA2 expression or biological activity in the samples, the final
step of making a diagnosis, or monitoring of the subject can be performed as discussed
above.

In order to establish a positive diagnosis, the level of SERCA2 activity is
modulated as compared to the established baseline by an amount that is statistically
significant (i.e., with at least a 95% confidence level, or p<0.05). Preferably, detection of
at least about a 10% change in SERCA2 expression or biological activity in the sample as
compared to the baseline level results in a positive diagnosis of the disease for said
sample, as compared to the baseline. More preferably, detection of at least about a 15%,
at least about 20%, or at least about 25% change in SERCA2 expression or biological
activity in the sample as compared to the baseline level results in a positive diagnosis of

CF for said sample, as compared to the baseline. More preferably, detection of at least
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about a 50% change, and more preferably at least about a 70% change, and more
preferably at least about a 90% change, or any percentage change greater than 10% in 1%
increments (i.e., 5%, 6%, 7%, 8%...) in SERCA2 expression or biological activity in the
sample as compared to the baseline level results in a positive diagnosis of CF for said
sample.

Once a positive diagnosis is made using the present method, the diagnosis can be
substantiated, if desired, using any suitable alternate method of detection of the diease.

Included in the present invention are kits for assessing a pulmonary disease in a
subject. The assay kit includes: (a) reagents for detecting SERCA2 expression or activity
in a test sample (e.g., a probe that hybridizes under stringent hybridization conditions to a
nucleic acid molecule encoding the SERCA2 or a fragment thereof; RT-PCR primers for
amplification of mRNA encoding the SERCA2 or a fragment thereof; and/or an antibody,
antigen-binding fragment thereof or other antigen-binding peptide that selectively binds to
the SERCA2); and (b) reagents for detecting a control marker characteristic of a cell type
in the test sample (e.g., a probe that hybridizes under stringent hybridization conditions to
a nucleic acid molecule encoding a protein marker; PCR primers which amplify such a
nucleic acid molecule; and/or an antibody, antigen binding fragment thereof, or antigen
binding peptide that selectively binds to the control marker in the sample).

The reagents for detecting of part (a) and or part (b) of the assay kit of the present
invention can be conjugated to a detectable tag or detectable label. Such a tag can be any
suitable tag which allows for detection of the reagents of part (a) or (b) and includes, but is
not limited to, any composition or label detectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical or chemical means. Useful labels in the
present invention include biotin for staining with labeled streptavidin conjugate, magnetic
beads (e.g., Dynabeads™), fluorescent dyes (e.g., fluorescein, texas red, rhodamine, green
fluorescent protein, and the like), radiolabels (e.g., 3H, 1251, 35S, 14C, or 32P), enzymes
(e.g., horse radish peroxidase, alkaline phosphatase and others commonly used in an
ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic (e.g.,
polystyrene, polypropylene, latex, etc.) beads.

In addition, the reagents for detecting of part (a) and or part (b) of the assay kit of
the present invention can be immobilized on a substrate. Such a substrate can include any
suitable substrate for immobilization of a detection reagent such as would be used in any
of the previously described methods of detection. Briefly, a substrate suitable for

immobilization of a means for detecting includes any solid support, such as any solid
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organic, biopolymer or inorganic support that can form a bond with the means for
detecting without significantly effecting the activity and/or ability of the detection means
to detect the desired target molecule. Exemplary organic solid supports include polymers
such as polystyrene, nylon, phenol-formaldehyde resins, acrylic copolymers (e.g.,
polyacrylamide), stabilized intact whole cells, and stabilized crude whole cell/membrane
homogenates. Exemplary biopolymer supports include cellulose, polydextrans (e.g.,
Sephadex®), agarose, collagen and chitin. Exemplary inorganic supports include glass
beads (porous and nonporous), stainless steel, metal oxides (e.g., porous ceramics such as
7r02, Ti02, A1203, and NiO) and sand.

Another embodiment of the present invention may include a method to evaluate
the efficacy of a treatment of a pulmonary disease in a subject. In this method, the levels
of expression of SERCA2 may be determined in a sample taken from the subject before
and after administering the treatment, and the before and after levels of SERCA2
expression may bc compared. The level of SERCA2 expression after administering the
treatment may be greater than before administering the treatment., less than before
administering the treatment, or may remain about the same as before administering the
treatment.. Depending on the results of the comparison of the SERCA2 expression levels
before and after administering the treatment, the treatment plan may be revised to provide
better therapeutic outcome. The level of SERCA2 expression after administering the
treatment may be monitored over a period of time. The monitoring may continue even
after the initial treatment plan has ended to detect whether the disease has returned. The
step of detecting may comprise detecting SERCA2 mRNA in the test sample, or detecting
SERCAZ2 protein in the test sample, or detecting SERCA2 protein biological activity in the
test sample. Preferably, the method of detecting the level of SERCA2 expression before
and after administering the treatment is the same. In a preferred embodiment, the
pulmonary disease is Cystic Fibrosis.

The following examples are provided for the purpose of illustration and are not
intended to limit the scope of the present invention. Any variations which occur to the
skilled artisan are intended to fall within the scope of the present invention. Each
publication, sequence or other reference disclosed below and elsewhere herein is
incorporated herein by reference in its entirety, to the extent that there is no inconsistency

with the present disclosure.
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EXAMPLES
The Following materials and methods are applicable to all Examples.

Cell culture: Cell lines used herein and cell culturing conditions applicable to all
examples are as follows. Primary human bronchial epithelial cells (HBEs) were obtained
from non-CF and CF lungs under protocol and consent form approved by the University of
North Carolina School of Medicine Committee on the Protection of the Rights of Human
Subjects. Epithelial cells were removed from the lower trachea and bronchi by protease
XIV digestion and cells were plated in BEGM medium on collagen-coated dishes as
described previously (23). Approximately, 5 x 10° passage 2 cells were seeded onto 12
mm diameter type VI collagen (Sigma) coated Millicell CM inserts (0.4 uM pore size,
Millipore Corporation, Bedford, MA) and following confluence on day 4-5 were
maintained at an air liquid interface (ALI). Additional primary human bronchial epithelial
cells were isolated in the Carl White laboratory from donor airway tissues obtained from
National Disease Research Interchange, NDRI with approval of National Jewish
Institutional Committee for the Protection of the Rights of Human Subjects (NJIRB). The
airway epithelial cell lines used were IB3-1 and a "corrected” cystic fibrosis (CF) cell line
that was derived from IB3-1 cells stably transfected with wild-type CFTR (C-38) (ATCC,
Manassas, VA). IB3-1 and C-38 cells were grown in LHC-8 media (Invitrogen, Carlsbad,
Ca) supplemented with 10% FBS and penicillin/ streptomycin. CFBE41o- (CF41o-) and
CFBE450- (CF450-) and a wild-type airway epithelial cell line, 16HBE140- (16HBEo-),
were provided by Prof. D. Gruenert (California Pacific Medical Center Research Institute,
University of California at San Francisco). These cell lines were cultured in Eagle's
minimal essential medium (Invitrogen, Carlsbad, Ca) supplemented with 10% fetal bovine
serum, L-glutamine, and penicillin/streptomycin at 37°C under 5% CO,. 16HBEo- cells
with stable expression of sense (16HBE-S) and antisense CFTR (16HBE-AS)
oligonucleotides were cultured as described previously (24). Additionally, minimally
transformed primary bronchial epithelial UNCN3T from the lab of Dr. Randell was also
used (25). Additional non-CF and CF cell line pair used was Calu-3 and JME CF/15 (89).
All experiments comparing primary non-CF and CF cells were performed with polarized
cultures grown simultaneously and matched for passage number, the number of cells

plated, and days in culture.
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Protein concentration: Protein concentration in cell lysates was determined using
the BioRad DC protein assay kit (Bio-Rad, Hercules, Ca) in a 96-well plate with bovine
serum albumin as a standard.

Statistical methods: All statistical calculations were performed with JMP and SAS
software (SAS Institute, Cary, NC). Means were compared either by two-tailed 7 test for
comparison between two groups or one-way analysis of variance (ANOVA) followed by
the Tukey-Kramer test for multiple comparisons for analyses involving three or more
groups. A P value of <0.05 was considered significant. For analysis of data with
distribution that was not normal, Welch’s test was used to determine significance.
Example 1
This example illustrates that the expression of SERCA2 protein in decreased in CF cell
lines.

Lysates from cultures of 16HBEo-, CF410- and CF450- cells were analyzed for
SERCA2 protein and RNA expression using Western and Northern blot as indicated
below. Figures 1A, and 1B are representative Western (experiments repeated 6 times) and
Northern blots (experiments repeated 3 times). To localize SERCA2, cells grown on glass
coverslips were fixed and co-immunostained for SERCA2 (red) and endoplasmic
reticulum (ER) specific protein, protein disulphide isomerase (PDI, green) (1C). The
figure 1 represents one data set from an experiment performed in duplicate. The individual
experiment was repeated 3 times. The experiments are described in detail below.

SERCA2 protein expression was determined by Western blot in non-CF 16HBEo-)
and CF (CF41lo- and CF350-) cell lysates. Western blots were performed as previously
described in detail (64) and the membranes were probed with rabbit polyclonal antibodies
against SERCA2 (Affinity Bioreagents, Golden, CO) at 1:1,000 dilution, overnight at 4°C.
Blots were then washed again with TBS-T and incubated with mouse anti-rabbit
peroxidase-conjugated IgG (Bio-Rad, Hercules, CA) at 1:2,000 dilution, for 1 h at room
temperature. Immunoreactive bands were detected using an ECL detection kit (Pierce,
Rockford, IL) followed by exposure to Hyperfilm (Amersham Pharmacia Biotech Inc.
UK).

Expression of SERCA2 protein was decreased in both CF cell lines (CF410- and
CF450-) as compared to the non-CF 16HBEo- cells (Figure 1A). Quantitation of
SERCA?2/B-actin intensity yielded 3.51+0.27, 1.76+0.23, and 2.59+0.29 arbitrary units for
16HBEo-, CF410-, and CF450- cells, respectively. Similarly a statistically significant
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decrease in SERCA2 protein was observed in IB3-1 cells versus C-38 cells, (0.22+0.02 vs.
1.24+0.01 SERCA2/B-actin intensity units, respectively) and in JME/CF15 versus Calu-3
cells (0.38+0.01 vs. 0.62+0.01 SERCA2/B-actin intensity units, respectively).

SERCA2 mRNA expression was determined by Northern blot in non-CF 16HBEo-
) and CF (CF4lo- and CF350-) cell lysates. The cells were washed twice with Hank’s
balanced salt solution (HBSS) and harvested in guanidine isothiocyanate solution (66).
Total cell RNA was then purified with CsClI centrifugation. Equal amounts of RNA (15
ug) were resolved on a 1% agarose-2.5 M formamide gel in a 20 mM MOPS buffer, pH
7.4, containing 1 mM EDTA. A standard Northern blot procedure (66) was used to
transfer the RNA to a nylon membrane (Micro Separations, Westborough, MA). The
SERCA2 cDNAs was obtained from Origene, Rockville, MD. The cDNAs were labeled
with a randomly primed labeling kit (Invitrogen, Carlsbad, Ca) and [*’P] dCTP (ICN,
Irvine, CA). Blots were hybridized with the probe and autoradiographed. Quantitative
analysis of Northern blots was performed with ImageQuant 1.11 (Molecular Dynamics,
Sunnyvale, CA) after the blots were exposed to a phosphor screen. Northern blot data
were normalized for loading efficiency with a random prime-labeled 28S rRNA probe
(Ambion, Austin, TX). Decreased SERCA2 mRNA was observed (Figure 1B) in CF41o-
and CF450- cells relative to that found in non-CF 16HBEo- cells.

Experiments were also performed to immunolocalize SERCA2. Cells grown on
glass coverslips in 6-well plates were fixed in 4% paraformaldehyde (PFA) for 10
minutes, rinsed in TBS and permeabilized with 0.4% Triton-X-100 in 10 mM sodium
citrate for 20 minutes. After blocking in 5% donkey serum for 20 minutes, cells were
incubated with rabbit anti-SERCA2 (Affinity Bioreagents, Golden, CO) and mouse anti-
PDI (Gene Tex Inc, San Antonio, TX) for 1 hour. Negative controls included normal
rabbit or mouse IgG at the same concentration as the primary antibodies used. Secondary
antibodies, Texas red-conjugated donkey anti-rabbit or FITC-conjugated donkey anti-
mouse were then applied for 60 minutes. Cells were mounted on slides with Prolong
Gold-DAPI and allowed to dry overnight. Slides were viewed using a Zeiss, Axiovert
200M fluorescent microscope and digital images recorded using Slidebook software (both
from Intelligent Imaging Innovations, Denver, CO).

The results again indicated diminished SERCA2 expression in CF cells relative to
non-CF cells (Figure 1C). In non-CF cells, SERCA2 was located in ER, as demonstrated
by the enhanced ‘merged’ staining for the ER marker protein disulfide isomerase (PDI)
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and SERCA2 in these cells, whereas CF cells demonstrated decreased overall SERCA2
staining intensity, preservation of ER staining for PDI, and diminished ‘merged’ signal for
PDI and SERCA2 co-staining.

Example 2

This Example illustrates that the decreased expression of SERCA2 in CF cells was not an
effect due to diminished ER mass in these cells, and that decreased SERCA2 expression
resulted in a substantial overall decrease of SERCA activity in CF cells.

To determine that the decreased expression of SERCA2 in CF cells was not an
effect due to diminished ER mass in these cells, estimation of endoplasmic reticulum (ER)
content was performed. Live CF and non-CF cells cultured in chambered coverglass were
stained using an ER-specific fluorescent dye, ER-Tracker Blue-White DPX (Molecular
Probes) to quantify the ER density (Figure 2A, upper panel). Figure 2A, lower panel
shows the quantification of fluorescence intensity per whole cells area. Similar to what
was seen with PDI staining, CF cell cultures showed similar or greater ER staining
intensity with the fluorescent dye. Specifically, CF450- cells had significantly greater
staining intensity than 16HBEo- cells, and CF41o- cells showed a similar, nonsignificant
trend (Figure 2A, lower panel). These findings are consistent with previous reports of
increased apical ER density in CF cells (29B).

Next, SERCA2 protein expression and activity was measured in purified
microsomal membranes. The method used for isolation of the microsomes is one modified
from that described before (67). Cells were washed with 5 ml of prewarmed (37 °C)
phosphate-buffered saline solution. The cells were then scraped in a solution of cold
(prechilled on ice) phosphate-buffered saline with 5 mM EDTA before being transferred
and collected in a single tube on ice. The cells were pelleted by centrifugation at 4000 x g
for 15 min at 4 °C. The supernatant was discarded, and the resulting pellet was
resuspended gently with 10 ml of phosphate-buffered saline prior to centrifugation, as
before. The supernatant was then discarded, and the cells were resuspended gently with 5
ml of prechilled (on ice) hypotonic solution (10 mM Tris, pH 7.5, 0.5 mM MgCl;). The
resuspended cells were then incubated on ice for 10 min prior to the addition of 0.1 mM
phenylmethylsulfonyl fluoride and 4 pg/ml leupeptin. The lysed cells were homogenized
using a glass Dounce homogenizer for 30 strokes. The homogenate was then diluted with
an equal volume of buffer (0.5 M sucrose, 6 mM 2-mercaptoethanol, 40 pM CaCl,, 300
mM KCl, and 20 mM Tris, pH 7.5) before being centrifuged at 1000 x g for 10 min at
4°C. The supernatant was removed and made up to 0.6 M with KCl by the addition of an
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appropriate volume of a 2.5 M solution, prior to centrifugation at 100,000 x g for 60 min
at 4°C to obtain the microsomal membrane fraction. The microsomal pellet was then
resuspended in buffer (0.25 M sucrose, 0.15 M KCl, 3 mM 2-mercaptoethanol, 20 pM
CaCly, and 10 mM Tris, pH 7.5). The microsomal membranes were rehomogenized before
being aliquoted and snap-frozen with liquid nitrogen, prior to storage at —80°C.

Microsomal extracts (20 pg) were loaded on 7.5% polyacrylamide gel, and
Western blot analysis was performed for SERCA2 expression, as described in Example 1.
In microsomal membrane (ER) preparations, CF cell lines CF4lo- and CF450- had
decreased SERCA2 protein expression, both in absolute terms and per B-actin protein
expressed, relative to non-CF cell line 16HBEo- (Figure 2B, upper panel).

The Ca*'-dependent ATPase activity of microsomal membranes was measured
using the phosphate liberation assay (68). Briefly, microsomal extracts (typically 20 pg)
were resuspended in 200 pl of buffer (45 mM Hepes/KOH (pH 7.0), 6 mM MgCl,, 2 mM
NaN3, 0.25 mM sucrose), supplemented with 5 pg/ml A23187 ionophore and EGTA and
CaCl, to give a free [Ca®"] of 2 M. Assays were preincubated at 37°C for 10 min prior to
the addition of ATP with a final concentration of 6 mM to initiate activity. The reactions
were then incubated at 37°C for 40 min, before the addition of 50 pl of 6.5%
trichloroacetic acid, and the reactions were then stored on ice for 10 min before
centrifugation for 5 min at 20,000 x g. Supernatant (100 ul) was added to 150 pl of buffer
(11.25% (v/v) acetic acid, 0.25% (w/v) copper sulfate, and 0.2 M sodium acetate, pH 4.0).
Ammonium molybdate solution (5% w/v, 25 pl) was then added, followed by the addition
of 25 pl of ELAN reagent (2% w/v p-methyl-aminophenol sulfate and 5% w/v sodium
sulfite). The samples were mixed, and the blue color was allowed to develop for 10 min
prior to measuring the absorption at 870 nm using a Dynatech Laboratories enzyme-linked
immunosorbent assay (ELISA) plate reader. The amount of inorganic phosphate liberated
was determined by comparison with known phosphate standards. The activities were also
determined in the absence of the addition of Ca** to determine non-Ca** dependent
ATPase activity. All activities were calculated as pmol/min/mg of microsomal protein.
Stock solutions of thapsigargin, were prepared in dimethyl sulphoxide (DMSO), when
added to the assays, the amount of DMSO never exceeded 1% v/v, which was shown not
to have any effect on the Ca®*-dependent ATPase activity of the microsomal membranes.

In these microsomal membrane preparations, total thapsigargin-inhibitable
Ca”*ATPase (SERCA) activity was decreased by approximately 50% in the two CF cell
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lines relative to the non-CF cells (Figure 2B, lower panel). Because thapsigargin is a
specific inhibitor of SERCA, these findings indicate that diminished SERCA2 expression
resulted in a substantial overall decrease of SERCA activity in CF cells.

Figure 2 summarizes the results described herein. Figure 2A shows staining of
cells for ER and the quantification of fluorescence intensity per whole cells area. For each
of 3 cell lines about 20 cells were analyzed. Results show means of data and * indicates
significant difference (p<0.05) from non-CF 16HBEo- cells (n=3). Figure 2B shows
Western blot for SERCA2 expression, and a bar chart showing activity in purified
microsomal membranes. * indicates significant difference from 16HBEo- cells (p< 0.05)
(n=3, represents 3 individual experiments).

Example 3
This Example illustrates that SERCA2 expression is increased in air-liquid interface
(ALI) cultures of primary CF airway epithelial cells.

SERCA2 expression was estimated in air-liquid interface (ALI) cultures of
differentiated primary non-CF (14 donors) and CF (8 donors) cells using
immunohistochemistry and Western blot analysis.

Using either technique, expression of SERCA2 in epithelial cells varied from
donor to donor (demographics provided in Table 1 below), despite comparable passage

number and days in culture (Figure 3A and 3B).
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Table 1. Demographics of airway tissue donors for cells
Donor No. Category Age/Sex COD Genotype
(yn)
1 NTD 44/M IVH
2 NTD 48/M Head trauma
3 NTD 16/F Head trauma
4 (Tissue from UNC) 11/F
5 NTD 40/M CVA
6 (Tissue from Miami) 22/M
7 NTD 47M Anoxia
8 NTD 24/M MVA/ head trauma
9 NTD 68/F Head trauma
10 ™D 14/M
11 NTD 22/M CVA
12 TD 42/M antifreeze poisoning
13 (Tissue from UNC) 61/M
14 CF transplant 40/M AF508 / ?
15 CF transplant 22/F Not Genotyped
16 CF transplant 14/F AF508 / AF508
17 CF transplant 35/F AF508 / AF508
18 CF transplant 24/M AF508 / AF508
19 CF transplant 34/M AF508 / AF508
20 CF transplant 31/ M AF508 / 1898+IG>A
21 CF transplant 17/M AF508 / AF508

Definition of abbreviations: COD=cause of death, NTD = nontransplant donor,

lung unsuitable because of acute injury, age, etc.; TD = excess airway from lung transplant
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donor; ? = mutation not identified, IVH= intraventricular hemorrhage, CVA=
cardiovascular arrest, MV A= motor vehicle accident.

However, mean SERCA2 protein expression (Western blot) was decreased by 67%
in aﬁway epithelial cells from CF donors, relative to non-CF (Figure 3C). SERCA2
expression was also analyzed at 7 days of culture, a stage at which cells are
undifferentiated, and also at 30 days of culture, at which time cells are more differentiated
(30), in primary non-CF and CF airway epithelial cells from 4 different donors, to
determine if extent of differentiation could affect SERCA2 expression. CF airway
epithelial cells had decreased SERCA2 expression at 7 days as well as at 30 days of
culture as compared to non-CF (data not shown). Thus, SERCA2 protein expression in
primary polarized CF airway epithelial cells differed from the non-CF cells to a similar
extent as seen in CF versus non-CF cell lines.

Figure 3 summarizes the results discussed here regardinh the SERCA2 expression
in air-liquid interface (ALI) cultures of primary non-CF and CF airway epithelial cells.
Figure 3A shows representative images of in situ immunohistochemistry for SERCA2
expression in cultures fixed with 4% PFA and stained with 3,3-diaminobenzidine and
H;0, for detection of HRP-coupled mouse secondary antibody (data shown is from cells
from 4 individual (1-4) non-CF donors and 4 individual (5-8) CF donors (one of three
separate experiments)). Identical staining conditions were used for staining non-CF and
CF sections. For Western blot, lysates from the ALI cultures of the cells from above
donors were analyzed by SDS/PAGE on 4-15% gradient gels, and the proteins were
transferred electrophoretically onto nitrocellulose membranes. The membranes were
probed with the SERCA2 antibodies at a 1/1,000 dilution (Figure 3B). Figure 3C shows
quantification of Western blots for SERCA2 expression in ALI cultures of cells from non-
CF and CF donors (14 non-CF and 8 CF) analysed in 3 separate experiments (The mean of
the non-CF group is the control value); >60% of CF donors were F508 double mutant and
~90% had F508 mutation for one allele in the CFTR gene). The bars represent means of
data and * indicates significant difference (p<0.05) from non-CF cells (results of 3
individual experiments).

Example 4
This example illustrates that SERCA2 expression is decreased in proximal and distal
airways from human CF and non-CF lungs.

Immunohistochemistry was used to estimate SERCA2 expression in lung tissue

from CF and non-CF individuals. Non-CF and CF lung tissues were obtained from
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National Disease Research Interchange, NDRI with approval of National Jewish
Institutional Committee for the Protection of the Rights of Human Subjects (NJIRB).
Paraffin-embedded sections (5 pm) were dewaxed, rehydrated, and exposed to antigen
retrieval (vegetable steamer for 25 min followed by a 20 min cool down). After quenching
of endogenous peroxidase and alkaline phosphatase for 10 min. (Dual Blocker; Dako,
Carpinteria, CA), the nonspecific binding was blocked (Serum Free Protein Block; Open
Biosystems, Huntsville, AL). The sections were then incubated for 60 min on a Dako
autostainer with anti-human antibodies against SERCA2 (mouse monoclonal; 1:400,
Affinity Bioreagents, Golden, CO), with protein concentration-matched mouse IgG (BD
Pharmingen, San Diego, CA) for negative controls. After incubation with labeled
polymer-HRP-antimouse (horseradish peroxidase-labeled polymer conjugated to goat
antimouse immunoglobulin) (EnVision +HRP, Dako) for 30 min, color was developed by
3,3-diaminobenzidine (BioCare Medical, Walnut Creek, CA) combined with H;O,.
Counterstaining was performed with hematoxylin (Open Biosystems, Huntsville, AL).
Identical staining conditions were maintained during staining of non-CF and CF sections.
Similarly, for in situ SERCA2 staining in ALI cultures, the cells growing on inserts were
fixed with 4% PFA. After paraffin embedding SERCA2 or hematooxylin and eosin
staining was then performed on the deparaffinized slides with sections of each insert on
edge. The methods were developed in collaboration with and stains performed by
IHCtech (Aurora, CO).

SERCA2 staining was predominantly localized to airway epithelium and to smooth
muscle cells in airway and arterial/arteriolar walls. SERCA2 staining was decreased in
both bronchial and bronchiolar epithelium of CF relative to non-CF patients (Figure 4A-
D). CF airway epithelium also differed from non-CF in that the extent of mucus cell
hyperplasia was greater in the former than latter.

Quantitation of SERCA2 staining (excluding the mucus-containing regions)
revealed a significant decrease in both bronchial and bronchiolar epithelium of CF relative
to non-CF patients (Figure 4E & 4F). The demographics of the CF and non-CF individuals
are provided in Table 2.
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Table 2. Demographics of airway tissue donors for IHC

Donor No. Category/COD Age/Sex Genotype
()

L. NAT/ Cancer 56/M

2. MVA 42/M

3. NAT/ Cancer 63/M

4. MVA 36/F

3. CVA 44/F

6. Cerebral edema 12M AF508 / AF508

7. ARF 14/F AF508 /7

8. CF 19/F AF508 /7

9. CE 18/M AF508 / AF508

10. CF 41/M AF508 /7

Definition of abbreviations: COD=cause of death, NAT=normal adjacent tissue, ?
= mutation not identified, ARF= Acute Respiratory Failure, MVA= motor vehicle
accident, CVA= cardio vascular arrest.

Figure 4 shows the results described in this example. In figure 4A Left panel is the
non-specific IgG control, and right panel has arrowheads (») indicating SERCA2 staining
in epithelium. SERCA2 staining was found predominantly in the epithelium of non-CF
bronchi (n=5 donors) (A) and bronchioles (C), and it was significantly less intense in the
epithelium of CF airways (n=5 donors) (B & D). Graph E on the right shows the
quantitation of SERCA2 staining (SERCA2-IgG) in the non-CF and CF bronchi. The
regions containing mucus were excluded during quantitation. For each tissue, two
SERCA2 and two IgG stained sections were analyzed and 10 non-mucus areas per section
were randomly selected for quantitation using Image-Pro Plus version 4.0 (Media
Cybernetics, Silver Spring, MD). Similarly SERCA2 staining in the non-CF and CF
bronchioles was quantified (graph F).

Example 5
This example illustrates that SERCA3 expression is increased in CF airway epithelial cells

and cell lines.
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SERCA3 is the only other known SERCA isoform expressed in lung. It differs
from SERCAZ2 in that it has a low affinity for calcium. SERCA3 mRNA and protein
expression was determined by Northern blot and Western blot as previously described in
detail in Example 1, using SERCA3 c¢DNA from Origene, Rockville, MD and anti-
SERCA3 rabbit polyclonal antibodies from Affinity Bioreagents Golden, CO,
respectively.

These results are shown in Figure 5. Figure 5A, top row, represents the Western
blot for SERCA3 from whole cell lysates (20 pg of protein/lane) from non-CF and CF
bronchial airway epithelial cell lines. Membranes were also probed for B-actin to verify
equal loading of protein. Figure 5B represents the Northern blot for SERCA3 mRNA
expression. About 15 pg of RNA was subjected to Northern blot analysis, and SERCA3
was identified using *’P-labeled cDNA probe. Before hybridization membranes were
analyzed with UV light exposure for visualization of 18S and 28S RNA bands to verify
equality of RNA loading and transfer. Equal loading was further established by 285 RNA
(bottom panel) analysis. Cell lysates from ALI cultures of primary airway epithelial cells
from 3 non-CF (1-3) and 3 CF (4-6) subjects were also assessed for SERCA3 expression
by Western blot (Figure 5C). Results represent 3 individual experiments.

By contrast to SERCA2, SERCA3 protein expression was increased in both CF
cell lines, CF41o- and CF450-, relative to that seen in the non-CF cell line 16HBEo-
(Figure 5A). Steady-state SERCA3 mRNA expression was not consistently elevated in CF
cell lines, being elevated in CF450- but not CF4lo- relative to 16HBEo- (Figure 5B).
However, SERCA3 protein expression was increased in primary polarized airway
epithelial cells from CF versus non-CF donors (Figure 5C). These findings suggest a
compensatory response of SERCA3 expression to the downregulation of SERCA2 in CF.
Example 6
This example illustrates that SERCA2 protein expression is decreased by pharmacologic
inhibition of CFTR function.

To investigate the role of CFTR function in mediating SERCA2 expression, the
specific CFTR inhibitor CFTR;;172 was used. Primary bronchial epithelial cells were
cultured for short-term duration on collagen coated inserts and then treated with 20 pM
CFTR;u172 for 24 h. Cell lysates were prepared, and Western blot analysis was performed
as described in Example 1 (20 pg protein loaded).
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Results are shown in Figure 6. Figure 6A shows SERCA2 expression in
CFTRiny172-treated primary bronchial epithelial cells (Lane 1-3 are untreated control & 4-
6 are CFTR;y172-treated cells). Figure 6B shows the quantitative data for SERCA2
expression with and without CFTR;,,172 treatment. The bars represent means of data and
* indicates significant difference (p<0.05) from non-CF cells (results of 3 individual
experiments are shown). Figure 6C is a representative blot showing effect of CFTR;;,172
on SERCA2 expression treatment in CF IB3-1 cells and CFTR corrected C-38 cells. Panel
D shows the quantitative data. The bars represent mean of data and * indicates significant
difference (p<0.05) from untreated cells n=3 (experiment repeated twice).

Relatively short-term (24 h) incubation of primary human bronchial epithelial
(HBE,; air-liquid interface; Figure 6A) and the wt-CFTR-corrected C-38 (Figure 6C) cells,
respectively, with CFTRny172 (20 pM) caused a significant decrease in SERCA?2 protein
levels. By contrast, incubation of the parent CF cell line IB3-1 with the same
concentration of the inhibitor did not cause a further decrease in its expression of SERCA2
(Figure 6C). Exposure of these cells to the inhibitor for this duration did not cause
cytotoxicity.

Example 7
This example illustrates that SERCA2 protein expression is decreased by genetic
inhibition of CFTR function.

_ The effect of interference with CFTR function was evaluated by specific genetic
approaches by either inhibiting functional CFTR expression by antisense CFTR
oligonucleotides (Figure 7A) or by overexpressing mutated CFTR (Figure 7B).

SERCA2 protein expression is decreased by genetic inhibition of CFTR function

Polarized cultures of 16HBEo- cell line were stably transfected with sense (S) and
antisense (AS) CFTR oligonucleotide. The cAMP-dependent chloride conductance was
measured in these cells as follows. 16HBE-S and 16HBE-AS were seeded on snapwell
permeable supports (Corning Costar) at a density of 5 x 10° cells/ cm®. At confluence (~14
day of ALI culture), the inserts were mounted in Ussing chambers (WPI, Sarasota,
Florida) filled on the basolateral side with 10 ml of Krebs bicarbonate solution containing
(in mM): 120 NaCl, 3.3 KH,POy4, 0.8 KoHPO4, 1.2 MgCl,, 1.2 CaCl,, 25 NaHCO3, 10
glucose. On the apical side, 10 mM mannitol was added instead of glucose to avoid
activation of the apical electrogenic Na'-glucose cotransporter. During the experiment, this

solution was gassed with 95%0,/5%CQO,. Experiments were conducted at 37°C. The
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short-circuit current (Isc) was monitored continuously using a DVC1000 voltage clamp
(WPI, Sarasota, Florida) and the PD was measured every 5-10 min. Cell preparations
were allowed to equilibrate until stabilization of bioelectric variables took place, which
required ~ 20-30 min. Basal bioelectric activity was monitored for 10 min before addition
of drugs. Pharmacologic agents were added to the apical bathing solutions and bioelectric
activity was monitored for 5-15 min thereafter. Amiloride (10 uM) and forskolin (10 pM),
were added sequentially. The cAMP-dependent chloride conductance was absent in
antisense CFTR oligonucleotides containing cells (16HBE-AS) (Figure 22A).

Cell lysates were prepared from polarized cultures of 16HBEo- cell line stably
transfected with sense (S) and antisense (AS) CFTR oligonucleotide and analyzed for
SERCA?2 expression by Western blot, as described in Example 1. Figure 7A shows the
effect of inhibiting functional CFTR expression by antisense CFTR oligonucleotides on
SERCA2 expression. The bars represent means of data and * indicates significant
difference (p<0.05) from control (16HBE-S) cells. The experiment was repeated more
than 3 times.

Notably, SERCA2 protein, corrected for B-actin expression, was diminished in
CFTR antisense-expressing cells by about two-thirds relative to sense-expressing cells
(Figure 7A), comparable to the extent of reduction of SERCA2 expression in primary CF
relative to non-CF airway cells.

SERCA2 protein expression is decreased by expression of mutant AF508 CFTR

The AF508 CFTR mutation causes diminished channel activity, impaired
processing, and reduced CFTR protein stability at the cell surface. In addition, this
mutation inhibits gating of CFTR channels, resulting in a diminished rate of opening
(31B). Because this is the most common CFTR mutation, the effect of its overexpression
in airway epithelial cells on SERCA2 expression was measured.

Studies were conducted in minimally transformed primary human bronchial
epithelial cells (UNCN3T) transiently transduced using adenoviral vectors. Transduction
of wild-type CFTR, mutated CFTR (AF508) and GFP- encoding adenoviral vectors was
carried out as described before (26). The vectors (H5’.040CMVGFP-CFTR and
H5’.040CMVGFP-AF508) were provided by Vector Core at the University of
Pennsylvania, PA, as described elsewhere (27). The recombinant viruses were added to the
cell cultures (Multiplicity of infection, MOI 10:1) on day 3 for 17 hours. The transduction

efficiency was estimated by observing green fluorescence of adenoviral GFP-transduced
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cells. For detection of CFTR, anti-CFTR antibody 570 (dilution 1:500) was obtained from
University of North Carolina (UNC) CFTR Antibody Distribution Program sponsored by
Cystic Fibrosis Foundation Therapeutics (CFFT).

Figure 7B shows the effect of inhibiting functional CFTR expression by
overexpressing mutated CFTR (B) on SERCA2 expression. The lower panel of Figure 7B
represents results of SERCA2 expression analysis in lysates obtained from control and
adenovirally-transduced minimally transformed primary human bronchial epithelial cells
(UNCN3T) grown on collagen coated culture dishes. The bars represent means of data and
* indicates significant difference (p<0.05) from control (LacZ) cells. The experiment
repeated three times (n=3 per condition).

Relative to nontransduced, LacZ-overexpressing, and wt-CFTR overexpressing
cells (increased CFTR expression by Ad.wt-CFTR is shown by Western blot in Figure
22B), AF508 CFTR-overexpressing cells had decreased SERCA2 protein expression
(Figure 7B). Taken together, the results from use of these strategies for CFTR functional
inhibition demonstrate a link between diminished CFTR function and SERCA2
expression.

Example 8
This example illustrates the Bcl-2-induced displacement of SERCA2 from caveolae
related domains (CRDs) in CF cells.

For the isolation of CRDs, the microsomal membranes were lysed in 2.0 ml of ice-
cold 0.5 M sodium carbonate buffer (pH 11.0) using 20 strokes of a Dounce glass
homogenizer followed by sonication and CRDs were prepared as described before (69,70).
To determine the distribution of CRD-associated proteins within the gradient, each
fraction was analyzed by SDS-PAGE on 4-20% gradient gel, followed by Western blot
analysis with appropriate antibodies.

Interaction of Bcl-2 with SERCA2 has been described previously (20, 32). Bcl-2
binds to and inactivates SERCA. In addition, it causes SERCA displacement from the
CRDs of the ER membrane (19, 20). Sucrose density gradient fractionation of purified
microsomes from non-CF 16HBEo- cells and CF450- cells was performed to localize
SERCAZ2 in the CRDs.

Purified microsomes from 16HBEo- and CF450- cells were lysed in ice-cold 0.5 M
sodium carbonate buffer. The homogenate was adjusted to 45% (w/v) sucrose by the

addition of 90% sucrose in the MBS buffer and placed in the bottom of an ultracentrifuge
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tube. A discontinuous sucrose gradient was established by overlaying this solution with 4
ml of 38% sucrose and 3 ml of 5% sucrose. The tubes were then centrifuged at 4 °C for
16-18 h at 130,000 x g and fractions were manually collected from the top of the gradient.
To determine the distribution of CRD-associated proteins within the gradient, each
fraction was analyzed by SDS-PAGE, followed by Western blot analysis with SERCA2
and caveolin antibody (Figure 8A). The Western blot shown is representative of findings
in three separate sucrose gradient centrifugation/Western blot experiments. Four fractions
were collected from the top of the gradient, where fraction 1 represents the initial CRD
fraction. SERCA2 of 16HBEo- cells primarily localized in the CRD fraction whereas the
major SERCA2 band of CF450- cells migrated deeper into the gradient. Thus, sucrose
density gradient centrifugation of microsomes from CF preparations showed that SERCA2
was predominantly recovered in fraction 2, whereas non-CF samples showed SERCA2
predominantly in fraction 1.

Figures 8B & 8C show Western blot of SERCA2 and Bcl-2 using
immunoprecipitate of microsomal fractions from (1) 16HBEo- and (2) CF450- using Bcl-2
antibody. Mouse monoclonal antibodies against Bcl-2 was obtained from BD Biosciences,
San Jose, CA. Bcl-2 immunoprecipitation experiments were carried out as described
previously (65). SERCA2 co-immunoprecipitated with Bel-2 in both 16HBEo- and
CF450- cells (Figure 8B). However, an increased amount of Bcl-2 was detected in CRDs
and the immunoprecipitates from CF cell microsomes (Figure 8C). These figures indicate
the presence of increased Bcl-2 expression and Bcl-2-SERCA2 complexes in CF. The
increase in Bcl-2-SERCA2 complexes in CF cells occurred despite the fact that SERCA2
protein was decreased by about 50% in the CF cell line. These findings indicate a
mechanism for decline in ER-associated SERCA2 expression and total SERCA activity
due to Bel-2 association.

Example 9

This example illustrates that Bcl-2 expression is increased in cellular compartments of CF

cells and that diminished CFTR expression plays a role in increased Bcl-2 expression.
Figure 9A shows the Western blot analysis of Bcl-2 distribution in the nucleus, ER

and mitochondria of 16HBEo-, CF410- and CF450- cells. Nuclear, ER and mitochondrial

fractions were prepared from (1) 16HBEo-, (2) CF4lo- and (3) CF450- cells. Western

blots were performed using antibodies against Bcl-2, cytochrome c oxidase (mitochondrial

marker), protein disulphide isomerase (PDI, ER specific protein) and lamin C (nuclear
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marker). Cytochrome ¢ oxidase, Lamin C and p65 antibodies (Affinity Bioreagents,
Golden, CO) were used at a dilution of 1:1000.

Increased Bel-2 protein was observed in each of these cellular compartments of the

two CF, relative to the non-CF, cell lines. Analysis of total Bcl-2 content in the ER

5 membrane (M) of 16HBEo- and CF450- cells using ELISA (Table 3) confirmed findings

obtained by Western blot. Bel-2 contents of whole cell lysates (WCL) from differentiated

primary human non-CF and CF bronchial epithelial cells showed a pattern of increase in

CF cells, but the difference was not significantly different (Table 3).

10  Table 3. Total Bcl-2 expression in non-CF and CF bronchial epithelial cells

Cells Total Bcl-2
(ng/mg protein)

Differentiated primary non-CF bronchial epithelial
cells (WCL) (n=5 donors) 7.74+1.41

Differentiated primary non-CF bronchial epithelial

cells (WCL) (n=4 donors) 10.55%1.50
16HBEo- (M) 8.90+0.11
CF450- (M) 14.50+0.12%

WCL; whole cell lysate
M; microsomal membrane preparations
* indicates significant difference from non-CF 16HBEo- p<0.05.
15 To determine if decreased CFTR function plays a role in the enhanced expression of
Bcl-2 ER microsomes were isolated from 16HBEo- cell line stably transfected with sense
(S) and antisense (AS) CFTR oligonucleotide. Increased expression of Bcl-2 was observed
in cells in which CFTR was decreased by expression of antisense CFTR oligonucleotides
(Figure 9B). This indicates that deficient CFTR expression is sufficient to increase Bcl-2
20  expression.

Bcl-2 analysis was also performed in cellular lysates obtained from control and

52



10

15

20

25

30

WO 2010/040130 PCT/US2009/059557

adenovirally-transduced primary human bronchial epithelial cells grown on collagen-
coated culture dishes using ELISA. Figure 9C shows the total Bcl-2 content in these
lysates. The bars represent means of data of two individual experiments (n=4) and *
indicates significant difference (p<0.05) from control. Cells expressing AF508 CFTR
showed a ~2-fold increase in Bcl-2 expression as compared to the controls (Figure 9C).
Direct and/or indirect effects of altered CFTR function may lead to persistent endogenous
activation of NF-xB in CF airway epithelial cells (33, 34). NF-kB regulates the
transcription of Bel-2 (35, 36). Determination was made of Bcl-2 content and NF-xB
activation (by measuring nuclear p65) of control and TNF-treated primary HBE cells that
were adenovirally transduced with AF508 CFTR (Figure 23).

Primary airway epithelial cells cultured on collagen coated dishes were
adenovirally transduced with LacZ, wtCFTR and ACFTR. After 24 h cells were treated
with TNF (10 ng/ml, 18 h). Cell lysates and nuclear lysates were prepared. Results are
shown in Figure 23. Top panel of 23A shows CFTR expression. Lower panel shows
Western blot of p65 in the nuclear lysate. Panel B is quantification of nuclear translocation
of NF-xB as measured by ELISA. The bars represent mean of data and * indicates
significant difference (p<0.05) from untreated cells. The experiment was repeated two
times with n=3. Figure 23C is a Western blot for Bcl-2 in whole cell lysates. The
experiment was repeated 3 times and representative blot is shown.

There was no change in CFTR expression with and without TNF treatment in the
lacZ, wtCFTR and AF508 CFTR expressing cells. The nuclear lysates, when assessed by
Western blot, showed increased p65 in the AF508 CFTR expressing cells in both
conditions of AF508 CFTR, either with or without TNF treatment. Quantitative estimation
of p65 in the nuclear lysates using ELISA revealed statistically significant increased
nuclear p65 upon TNF treatment in the adenoviral lacZ and wtCFTR transduced cells
(Figure 23B). The AF508 CFTR expressing cells had increased basal nuclear p65 that was
further enhanced upon TNF treatment. The cells that had increased nuclear p65 had
increased Bcl-2 expression (Figure 23C).

Example 10
This example illustrates that SERCAZ2 is required for cell survival in oxidative stress.

Cystic fibrosis airway epithelial cells are continuously exposed to oxidative stress

presented directly or indirectly by air pollutants, bacterial endotoxins, pro-inflammatory

cytokines and neutrophils. For this reason, the potential impact of diminished SERCA2
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expression on airway epithelial cell survival was determined during challenge by three
relevant pro-oxidant stimuli: ozone, hydrogen peroxide and TNFa.

SERCA2 siRNA was used to investigate the effect of SERCA2 expression on
ozone-induced cell death in primary airway epithelial cells cultured on collagen coated 6-
well plates. Predesigned human ‘SMARTPOOL’ SERCA2 siRNAs were purchased from
Dharmacon (Dharmacon, Lafayette, CO). Primary airway epithelial cells not at ALI, were
transfected with 50 nM siRNA using DharmaFECT2 siRNA transfection reagent
(Dharmacon, Lafayette, CO) according to the manufacturer’s instructions. Silencer
Negative Control siRNA was used as a non-specific siRNA and mock transfection was
used as a negative control. Transfection of siRNA in primary human airway epithelial
cells has previously been described (28).

First, it was verified that SERCA2 protein levels were reduced in the cells
expressing SERCA2 siRNA. Figure 10A shows SERCA2 knockdown using SERCA2
siRNA. The top panel is the representative Western blot of SERCA2 expression in
primary human bronchial epithelial cells (grown on collagen-coated culture dishes) either
(1) mock-transfected or transfected with (2) control or (3) SERCA2 siRNA. The lower
panel shows the quantitation of SERCA2 knockdown. The bars represent means of data
and * indicates significant difference (p<0.05) from control siRNA-transfected cells (n=3),
and represents 3 individual experiments. Transfection with nonspecific siRNA had no
effect on SERCA2 protein expression whereas SERCA2 siRNA-treated cells had
SERCA2 protein expression decreased by 67% relative to nonspecific siRNA-treated
controls. Bel-2 expression was not affected by SERCA2 knockdown in these cells (data
not shown).

For assessing ozone toxicity, primary human airway epithelial cells were
transfected either with a control or SERCA2 siRNA for 24 h and exposed to 0 ppb or 200
ppb ozone for 18 h. Following exposure, cells were analyzed for cell death using Vybrant
apoptosis assay kit (Molecular Probes, Eugene, OR), as described before (63). In this
method, apoptotic cells bearing phosphatidylserine in the plasma membrane outer leaflet
were identified as those binding Alexa Fluor 488-labeled annexin V and necrotic cells as
those binding fluorescent DNA-binding dye SYTOX Green. The Alexa Fluor-488 labeled
annexin-positive apoptotic and Sytox green-positive dead cells were quantified by flow

cytometry. Results are shown in Figure 10B. The columns represent means of data and *
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indicates significant difference (p<0.05) from 0 ppb controls cells. # indicates significant
difference from 200 ppb controls (n=3). This experiment was repeated 4 times.

Increased apoptotic as well as necrotic cell death was observed in the control
siRNA- transfected cells upon exposure to 200 ppb ozone for 18 h (Figure 10B). SERCA2
siRNA increased both apoptotic and necrotic cell death induced by ozone (25.0£7.0% vs.
42.04+3.0% apoptotic cell death in control siRNA vs. SERCA2 siRNA expressing cells).

Besides ozone as an environmental factor toxicity of TNFa and H,O, was also
assessed, as these are abundant in CF lungs. With 10 ng/ml TNFa, a concentration close to
those found in CF airways (37), there was enhanced cell death in SERCA2 siRNA
expressing cells, but the extent of death was minimal (4.17+£0.30% in control vs
7.15+£0.50% total cell death in SERCA2 siRNA expressing cells). However, when TNFa
was combined with IL-1[3, another cytokine abundant in CF airways, there was increased
apoptotic cell death in control, and 1.7-fold still greater apoptosis in SERCA2 siRNA
treated cells (Table 4). The extent of necrosis was not different in the two groups.
Similarly, treatment with H,O, caused enhanced apoptotic as well as necrotic cell death in
SERCA?2 siRNA expressing cells when compared to those expressing control siRNA
(Table 4).

Table 4. SERCA2 knockdown enhances cell death

Treatment Control siRNA SERCAZ2 siRNA
% Apoptosis % Necrosis | % Apoptosis % Necrosis

TNF +IL1B3, 10 ng/ml, 18h | 17.53+£1.83  8.54+0.55 29.46+0.72* 9.5340.39

H>0,, 500 pM, 18 h 9.66+0.33  14.9+0.85 14.00+1.00% 28.33:1.66%*

*indicates significant difference from control siRNA treated cells p<0.05, n=3

experiment repeated 3 times.
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Example 11
This example illustrates that CFTR inhibition decreases ATP release and cell survival in
ozone.

Release of extracellular ATP upon exposure to oxidant gases is critical for airway
epithelial cell survival (78,81). This polarized (apical) ATP release is primarily vescicular
and regulated by calcium and PI3K dependent pathways. CFTR may also modulate release
of ATP (92). Therefore, primary human airway epithelial cells were exposed to 200 ppb
ozone with or without CFTR inhibitor 172 (CFTRin172).

Exposure of airway epithelial cells to ozone at precise levels was carried out in a
computer controlled in vitro exposure chamber as described previously (78). Primary
human bronchial epithelial cells cultured on collagen-coated 6-well plates were treated
with 20 uM CFTRiy,172 for 30 min and then exposed to either 0 ppb (-) or 200 ppb (+)
ozone. ATP content of the extracellular media was analyzed after 30 min and cell death
was estimated after 8 h of ozone exposure as described in the Methods. Results are shown
in Figure 11. The data shown is a representative of 3 experiments (n=6). The bars
represent means (SEM) of data and * indicates significant difference (p<0.05) from 0 ppb
(- ozone) controls and # indicates significant difference (p<0.05) from 200 ppb exposed
cells without CFTRu172.

Short term (30 min) exposure to ozone of airway epithelial cells caused enhanced
accumulation of ATP in the extracellular media (Figure 11A). Ozone-mediated release of
ATP was completely abolished by incubating cells with CFTR;,,172. Prolonged exposure
to ozone caused enhanced cell death in airway epithelial cells. Treatment with CFTR
inhibitor further enhanced the cell death (Figure 11B). CFTR inhibitor itself had
negligible cytotoxicity at the dose and duration of exposure.

Example 12
This example illustrates that CF cells have decreased ATP release in ozone.

To further understand the role of CFTR and to study cellular responses of cystic
fibrosis airway epithelial cells non-CF (16HBEo-) and CF (CF4lo- and CF450-) cells
cultured at air liquid interface were exposed to ozone for various time intervals.

Non-CF 16HBE and CF, CF410- and CF450- were cultured on (30 mm) fibronectin
coated inserts. Media was changed before exposure and 200 pl media was added on the
apical surface. Apical media was collected at the end of exposure (30 min) and analyzed for

ATP content as described in the text. The results are shown in Figure 12. The data shown in
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Figure 12A is a representative experiment performed four times (n=6). The bars represent
means of data and * indicates significant difference (p<0.05) from O ppb controls and #
indicates significant difference (p<0.05) from 200 ppb exposed non-CF cells.

Non-CF 16HBEo- cells (open bars) released ATP that was maximum at 30 min of
ozone exposure (Figure 12A). CF41o- cells (closed bars) released ATP in the extracellular
medium however it was to a lesser extent than the non-CF cells. CF450- cells (hatched bars)
had similar level of ATP in both 0 ppb as well as 200 ppb. Other non-CF and CF airway
epithelial cell line pairs viz. C38 and IB-3, and calu-3 and JME CF/15 were used. The CF
calls.had consistently decreased ATP release upon ozone exposure as compared to the non-
CF cells (data not shown). Cells that were stably transfected with sense (non-CF, S-1) and
antisense (CF, AS-3) CFTR oligonucleotide were also used. The antisense CFIR
expressing cells having biologically inhibited CFTR activity had decreased ATP release in
ozone as compared to the controls (S-1 cells).

The ozone-mediated ATP release response of primary airway epithelial cells isolated
from non-CF and CF donor proximal airway tissue and cultured at ALI were also compared.

The demographics of the donors is provided in Table 5.
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Table 5. Demographics of airway tissue donors for cells

Donor No. Category Age/Sex COD Genotype
(1)
1 NTD 16/F Head trauma

2 (Tissue from UNC) 11/F
3 NTD 40/M CVA

4 (Tissue from Miami) 22/M

5 NTD 24/M MVA/ head trauma

6 D 14/M

i/ CF transplant 40/M AF508 /7

8 CF transplant 22/F AF508 / AF508
9 CF transplant 14/F AF508 / AF508
10 CF transplant 35/F AF508 / AF508
11 CF transplant 24/M AF508 / AF508
12 CF transplant 34/M AF508 / AF508

Figure 12B shows quantification of apical ATP release in differentiated ALI
cultures of primary cells from non-CF and CF donors (3 non-CF and 3 CF) analyzed in 3
separate experiments (The mean of the non-CF group is the control value). The bars
represent means of data and * indicates significant difference (p<0.05) from 0 ppb control
and # indicates significant difference (p<0.05) from ozone exposed non-CF cells. Ozone
exposure of polarized and differentiated primary airway epithelial cells caused enhanced
ATP release in non-CF cells in a dose dependent manner at 200 and 500 ppb ozone (Figure
12B). ATP concentration of apical media of CF cells was not significantly different from
non-CF cells at 200 ppb ozone. However, ATP release due to higher ozone concentrations
(500 ppb) was significantly greater in non-CF cells than CF cells.

Example 13
This example illustrates the increased ozone-induced toxicity in CF airway cells.
A systemic investigation of ozone (at close to ambient concentrations) toxicity

using non-CF (16HBEo-) and CF (CF4lo- and CF450-) cells cultured at ALI was
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performed. Several components of cellular toxicity individually to assess the effect of
ozone exposure were examined.

Membrane damage:

For assessment of membrane damage ALI cultures of airway epithelial cells were
labeled with *H-adenine for 2 h. After 2h the media was removed, cells were washed (3X)
with PBS and exposed to 0, 200 or 500 ppb ozone for 8 h. Apical and basal media was
collected and analyzed for *H-adenine. Cells were harvested for analysis of protein
content. Results are shown in Figures 13A and 13B. The bars represent means (SEM)
(mean of non-CF represents the control) of data of apical media and * indicates significant
difference (p<0.05) from 0 ppb.

Exposure to ozone (200 ppb, 24 h) caused a loss of trans epithelial resistance in CF
airway epithelial cells whereas the non-CF epithelial cells remained intact (190+68
ohms.cm? in CF410- vs. 500445 ohms.cm? in 16HBEo- cells). Exposure to ozone also for
shorter durations (100-500 ppb, 8h) caused an enhanced loss of membrane integrity in CF
airway epithelial cells as indicated by release of tritiated adenine from prelabeled cells
(Figure 13A and 13B).

Additionally, ALI cultures of non-CF, 16 HBE and CF, CF41o- and CF450- cells
were exposed to either 0 or 500 ppb ozone for 8 h. At the end of exposure cells were
stained with Calcien AM (green, live) and propidium iodide (PI) (red, dead). D)
Quantitation of dead PI +ve cells using Image-Pro Plus version 4.0 (Media Cybemnetics,
Silver Spring, MD). Results are shown in Figures 13C and 13D. The bars represent means
(SEM) of data and * indicates significant difference (p<0.05) from 0 ppb.

Exposure of CF airway epithelial cells (CF41o- and CF450-) to ozone caused
increased uptake of propidium uptake that further reflected membrane damage and cell
death (10.0+1.2 in 16HBE vs. 37.0+8.8 PI positive cells per field area in CF410-) (Figures
13C and 13D). Similar increase in cell death in CF airway epithelial cells was observed
using ALI cultures of other pairs of non-CF and CF cell lines and the cells that had
biologically inhibited CFTR by antisense CFTR (AS3 cells) oligonucleotides expression
(data not shown).

Apoptosis:

Since uptake of propidium iodide indicated death of cells upon ozone exposure,
extent of apoptosis was quantitated using Annexin binding method. ALI cultures of non-
CF 16HBEo- and CF CF450- cells were exposed to either 0 or 500 ppb ozone for 8 h.
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Cells were collected and cell death was assessed by using Vybrant apotosis assay Kit
(Molecular Probes, Eugene, OR), as described before. In this method, apoptotic cells
bearing phosphatidylserine in the plasma membrane outer leaflet were identified as those
binding Alexa Fluor 488-labeled annexin V and propidium iodide was used to assess
necrotic cells. Results are summarized in Figure 14. The bars represent means (SEM) of
data and * indicates significant difference (p<0.05) from 0 ppb and # indicates significant
difference (p<0.05) from non-CF.

Exposure of non-CF 16HBEo- cells (open bars) cultured at ALI to ozone (500 ppb,
8 h) caused an increase in apoptosis but it was not significantly greater than the 0 ppb
exposed cells. In contrast ozone exposure of CF cells CF450- (closed bars) caused an
increased, approximately two fold annexin binding over control (Figure 14).

Mitochondrial dysfunction:

CF cells have decreased SERCA2 expression which could modulate intracellular
calcium homeostasis (86,95). Both these effects could cause enhanced mitochondrial
calcium uptake which upon further exposure to oxidant stress can contribute to
mitochondrial dysfunction and eventually cell damage (95-97). Mitochondrial membrane
potential (MMP) and cytochrome c release was determined to assess mitochondrial
function upon treatment with ozone in non-CF and CF cells.

6HBEo- and CF450- cells were cultured on fibronectin coated 6-well plates and
exposed to ozone (500 ppb) for 4 h on the 4" day of plating. Measurement of
chloromethyltetramethylrosamine (MitoTracker Orange, Molecular Probes) fluorescence,
an indicator of mitochondrial membrane potential (MMP), was performed (90). A mean
fluorescence intensity (MFI) of 16HBE cells exposed to 0 ppb ozone was taken as control
value. Results are shown in Figure 15, upper panel. Values are means = SE; n = 3
experiments; * Significant difference from 0 ppb control, P < 0.05 and # Significant
difference from non-CF, P < 0.05. Ozone treatment caused a small but not significant
decrease in the MMP of the non-CF 16HBEo- (open bars) cells, however in the CF
CF410- (closed bars) cells there was about 40% decrease in the MMP as compared to the
0 ppb and it was also significantly different from the non-CF 200 ppb exposed cells
(Figure 15 top panel).

Further, cells were fixed and processed for cytochrome c releases using
immunocytochemistry. Representative images of 16HBEo- and CF4lo- cells exposed to
ozone are shown in Figures 15A and 15B. An enhanced cytochrome c release was

observed in the CF cells upon ozone exposure (Figure 15B).
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Survival signaling/ERK 1/2 phosphorylation

Phosphorylation of ERK1/2 is an important component of survival signaling of
airway epithelial cells in ozone (81). Whether CF cells have deficient survival signaling
response to ozone was investigated next.

16 HBEo- and CF450- cells were cultured on fibronectin coated 6-well plates. At
about 70-80% confluency, media was removed and replaced with serum free 0.1% BSA
containing media. After 24 h cells were exposed to either 0 or 200 ppb ozone for 2 h.
Plates were immediately chilled and cells were lysed. The lysates were analyzed for ERK
phosphorylation by Western blot using rabbit polyclonal antibodies against ERK1/2
(Upstate Biology) (top panel, Figure 16). The experiment was performed twice (n=6) and
one representative blot is shown. Lower panel, figure 16 shows a quantitative estimation
of total ERK phosphorylation in non-CF (open bars) and CF cells (closed bars). The bars
represent means (SEM) of data and * indicates significant difference (p<0.05) from 0 ppb.

Ozone exposure (200 ppb, 2 h) caused approximately 2.5 folds enhanced
phosphorylation of ERK1/2 in non-CF 16HBEo- cells as compared to those exposed to 0
ppb. In contrast the CF, CF41o- cells ozone-induced ERK1/2 phosphorylation was not
significantly different. Interestingly, CF cells had a greater basal ERK1/2 phosphorylation
as compared to non-CF cells (Figure 16).

Exposure to ozone of other non-CF and CF cell line pairs viz. C38 and IB3-1 and
S-1 (CFTR sense oligonucleotide transfected 16HBEo- cells, non-CF) and AS3 (CFIR
antisense oligonucleotide transfected 16HBEo- cells, CF) cells produced results on cell
damage similar to above where CF cells were more susceptible (data not shown).
Exposure to 100 or 200 ppb ozone concentrations of differentiated non-CF and CF
primary airway epithelial for 8 h did not cause cellular damage that was significantly
different from the 0 ppb exposed cells (data not shown).

Example 14
This example illustrates the Ozone-induced enhanced cytokine release in CF cells.

Ambient concentrations of ozone (50 and 100 ppb, 6 h) may induce airway
inflammation through release of proinflammatory mediators from airway epithelial cells
(98). The present inventors extended the study of ozone-mediated toxicity in non-CF and
CF airway epithelium using close to in vivo models of airways, the differentiated cultures
of cells obtained from 6 non-CF and 6 CF donors, to investigate the proinflammatory
cytokine release. Three cytokines viz. IL-8, G-CSF and GM-CSF were studied in both

apical and basal compartments.
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Cells were cultured on collagen coated snapwells and allowed to grow and
differentiate for 30 days. Before ozone exposure 100 pl media was added on the apical
surface. At the end of exposure (18 h) additional 200 pl media was added apically. After 4
h the media from apical (Figure 17A) and basolateral (Figure 17B) surfaces was collected
for the analysis of the cytokines. Apical and basolateral media was collected, centrifuged
and the supernatant were analyzed for cytokines by ELISA at ELISA Tech, Colorado.
The results are shown in Figure 17, differentiated cultures of non-CF (@, 0 ppb and O,
200 ppb) and CF (A, 0 ppb and A, 200 ppb) primary airway epithelial cells. The bars
represent means (SEM) of data and # indicates significant difference (p<0.05) from 0 ppb
exposed cells and * indicates significant difference (p<0.05) from 200 ppb non-CF, using
Welch’s t test.

Although variability among patient samples was relatively high using this cell
culture system, the overall pattern indicated that IL-8 was present in both apical and
basolateral media (Figure 17), whereas G-CSF and GM-CSF were at barely detectable
levels in the basolateral compartment. In the 200 ppb ozone exposed primary non-CF
cells cytokine levels were not significantly different from those that were exposed to 0
ppb. Similarly, in the CF primary airway epithelial cells the levels of [1-8 and G-CSF were
not significantly different from 0 ppb. However the GM-CSF values were significantly
different in the apical surface of the 200 ppb exposed CF cells. The cytokine values in the
apical compartment were significantly increased in CF cells and at 200 ppb they were also
significantly enhanced as compared to the non-CF airway epithelial cells (Figure 17, left
panel).

Example 15
This example illustrates that the Ozone-induced cytokine release in CF cells is NF-xB
mediated.

Ozone-mediated cytokine release was studied in polarized air-liquid interface
cultures of non-CF and CF cell lines. 16HBEo- and CF4lo- cells were cultured on
collagen coated 30 mm inserts. Once cells were polarized (8-10 days in culture) cells were
exposed to 0, 100 or 200 ppb ozone with 200 pl media on the apical surface. At the end of
exposure (18 h) additional 200 pl media was added to the apical surface. Aliquots were
collected after 4 h and analyzed for the cytokine as described before.

Results are shown in Figure 18; IL-8 (18A), G-CSF (18B) or GM-CSF (18C).

Values are means = SE; n = 6, and the figure is a representative of 4 individual

62



10

15

20

25

30

WO 2010/040130 PCT/US2009/059557

experiments; * Significant difference from 0 ppb control, P < 0.05 and # Significant
difference from non-CF, P < 0.05. Effect of preincubation of cells for 30 min with 10 pM
[6-amino-4-(4-phenoxyphenylethylamino)quinazoline] (EMD Biosciences, La Jolla, CA)
(an NF-xB inhibitor) on IL-8 release is shown in Figure 18D. For analysis of NF-xB
activation, nuclear p65 was measured in non-CF and CF cells after exposure to ozone (E).
As described above, cells were harvested and nuclear lysates were prepared after exposure
to 200 ppb ozone. The cellular fractions were assessed for p65. Values are means & SE; n
= 6 and the data is a representative of 2 individual experiments; * Significant difference
from 0 ppb control, P <0.05 and # Significant difference from non-CF, P <0.05.

Exposure to ozone (100 or 200 ppb, 18 h) caused enhanced IL-8, GM-CSF and G-
CSF release in the extracellular media of CF cell line CF450- as compared to the non-CF
16HBEo- (Figures 18A, 18B and 18C). A similar ozone-mediated enhanced cytokine
release was observed in other CF cell lines viz, CF410-, [B3-1 and AS-3 (data not shown).
Preincubation with NF-kB inhibitor caused the IL-8 levels in ozone to drop to control
values in the CF cells (Figure 18D). In these CF cells there was an enhanced p65
mobilization in the nucleus as well (Figure 18E).

Example 16
This example illustrates that supplementation with extracellular nucleotides causes
increased ozone-mediated cytokine release in CF cells.

To determine if extracellular nucleotides would be beneficial to the CF cells
exposed to ozone, we supplemented with ATP, UTP or INS-45973 (P2Y2 receptor
agonist) compound and measured cell death and cytokine release. Non-CF and CF cells
were cultured and preincubated with 10 uM ATP for 30 min and then exposed to ozone
(200 ppb, 18 h). Apical media was collected and analyzed for IL-8 and GM-CSF. Results
are shown in Figure 19. Values are means + SE; n = 6 and the data is a representative of 2
individual experiments; * Significant difference from 0 ppb control, P < 0.05 and #
Significant difference from non-CF, P < 0.05.

Supplementation with extracellular nucleotides (10 or 100 pM) did not prevent cell
death due to ozone in the CF cells (data not shown). Also, Preincubating cells with ATP
(10 uM) caused an enhanced IL-8 and GM-CSF release in the CF450- cells (Figure 19).
Similar results were obtained using UTP and INS compound where they enhanced the
ozone-mediated cytokine release in CF cells (data not shown). Supplementation of non-CF

cells with nucleotides alone did not cause cytokine release.
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Example 17
This example illustrates that SERCA2 modifies ozone-induced cytokine release.

A number of studies have implicated intracellular calcium in the activation of NF-
kB and inflammatory signaling responses (99,100).

Primary airway epithelial cells were cultured on collagen coated 6-well plates.
Cells were preincubated with 2 M thapsigargin for 30 min and then exposed to 200 ppb
ozone for 18 h. The supernatant media was collected and analyzed for cytokines as
described before. Results are shown in Figure 20A. Values are means + SE; n = 6 and the
data is a representative of 2 individual experiments; * Significant difference from 0 ppb
control, P < 0.05 and # Significant difference from ozone exposed untreated cells, P <
0.05.

Further, cells cultured on 6-well plates were transduced with Ad.GFP or
Ad.SERCA2. Transduction of SERCA2 and GFP- encoding adenoviral vectors was
carried out as described before. The Ad.SERCA2 was a kind gift of Dr. RJ. Hajjar,
Harvard Medical School, Massachusetts General Hospital, Cardiovascular Research
Center, Charlestown, Ma. The recombinant viruses were added to the cell cultures
(Multiplicity of infection, MOI 10:1) on day 3 of culture for 17 hours. The transduction
efficiency was estimated by observing green fluorescence of adenoviral GFP-transduced
cells. Exposure to ozone (200 ppb, 18 h) was carried out 48 h post transfection. Reuslts are
shown in Figure 20B. The inset is a representative Western blot showing SERCA2 protein
overexpression by AJd.SERCA2 in primary airway epithelial cells. Values are means +
SE; n = 6 and the data is a representative of 2 individual experiments; * Significant
difference from 0 ppb control, P < 0.05 and # Significant difference from 200 ppb ozone
exposed Ad.GFP transduced cells, P < 0.05.

Thapsigargin treatment enhanced IL-8 release in control, 0 ppb exposed cells and
further augmented ozone mediated IL-8 release (Figure 20A). Whether SERCA2
overexpression would effect IL-8 release was also determined. In cells transduced with
Ad.SERCA2, IL-8 release due to ozone was significantly decreased as compared to the
GFP or untransfected controls (Figure 20B).
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What is claimed is:

i A method to treat a pulmonary disease in a subject, comprising increasing
the biological activity of Sarcoendoplasmic Reticulum Calcium ATPase 2 (SERCA2)
protein in the cells of the subject.

2. The method of claim 1, wherein the SERCA2 protein is expressed in
airway epithelial cells.

3 The method of claim 1, comprising administering the subject with an
effective amount of an agent that increases the biological activity of the SERCAZ2 protein.

4. The method of claim 3, wherein the agent comprises a) SERCA?2 protein or
a homologue thereof, b) a compound that increases the expression of the SERCA2
protein, or ¢) a SERCA2 activator compound that increases the biological activity of the
SERCA2 protein.

5. The method of claim 4, wherein the SERCA2 protein or a homologue
thereof is recombinantly produced.

6. The method of claim 4, wherein the compound that increases the
expression of the SERCA2 protein comprises a recombinant nucleic acid molecule
encoding the SERCA2 protein or a homologue thereof.

7. The method of claim 4, wherein the SERCA2 activator compound
comprises PST2744 [Istaroxime; (E,Z)-3-((2-aminoethoxy)imino) androstane-6,17-dione
hydrochloride)], Memnopeptide A, JTV-519, CDN1054, albuterol, xopenex, IGF (insulin
like growth factor), EGF (epithelial growth factor), or rosiglitazone.

8. The method of claim 1, wherein the pulmonary disease is cystic fibrosis.

9. The method of claim 3, wherein the agent comprises a pharmaceutically
acceptable carrier.

10.  The method of claim 3, wherein the step of administering comprises
providing the agent as a tablet, a powder, an effervescent tablet, an effervescent powder, a
capsule, a liquid, a suspension, a granule or a syrup.

11.  The method of Claim 1, wherein said subject is a human.

12. A method to protect a subject from exposure to an oxidizing gas,
comprising increasing the biological activity of Sarcoendoplasmic Reticulum Calcium
ATPase 2 (SERCA2) protein in the cells of the subject.

13.  The method of claim 12, wherein the subject has an a pulmonary disease
and wherein exposure to oxidizing gas leads to enhanced airway epithelial cell death and

inflammation leading to exacerbation of the pulmonary disease.
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14. The method of claim 12, wherein the gas comprises ozone, oxygen,
chlorine or mustard gas.

15. The method of claim 12, comprising administering to the subject with an
effective amount of an agent that increases the biological activity of the SERCAZ2 protein,
wherein the agent comprises a) SERCA2 protein or a homologue thereof, b) a compound
that increases the expression of the SERCA2 protein, or ¢) a SERCA2 activator compound
that increases the biological activity of the SERCAZ2 protein.

16. A method for diagnosing a pulmonary disease comprising:

a) detecting a level of expression or biological activity of the SERCA2
protein in a test sample; and b) comparing the level of expression or biological
activity of the SERCA2 protein in the test sample to a baseline level of SERCA2
protein expression or activity established from a control sample; wherein detection
of a statistically significant difference in the SERCA2 protein expression or
biological activity in the test sample, as compared to the baseline level of SERCA2
protein expression or biological activity, is an indicator of the presence of the
pulmonary disease or the potential therefor in the test sample as compared to cells
in the control sample.

17.  The method of Claim 16, wherein the detecting the level of expression or
biological activity of the SERCA2 protein in a sample comprises detecting SERCA2
mRNA in the sample, or detecting SERCA?2 protein in the sample, or detecting SERCA2
protein biological activity in the sample.

18. A method to evaluate the efficacy of a treatment of a pulmonary disease in
a subject, comprising

a) detecting the level of expression or biological activity of SERCA2 in a
test sample taken from the subject before administering the treatment;

b) detecting the level of expression or biological activity of SERCA2 in a
test sample taken from the subject after administering the treatment;

c¢) comparing the level of the expression or biological activity of the
SERCA2 from step (a) in the test sample taken from the subject before
administering the treatment to the level of the expression or biological activity of
the SERCA2 from step (b) in the test sample taken from the subject after

administering the treatment.
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19.  The method of Claim 18, wherein detecting the level of expression or
biological activity of SERCA2 in a test sample comprises detecting SERCA2 mRNA in
the test sample, or detecting SERCA2 protein in the test sample, or detecting SERCA2
protein biological activity in the test sample.

20.  The method of claim 16 or 18, wherein the pulmonary disease is Cystic
Fibrosis.

21.  The method of claim 6, wherein the recombinant nucleic acid molecule
encoding the SERCA2 protein or a homologue thereof comprises a sequence selected from
the group consisting of: NM_170665.3 or GI:161377445, NM_001681.3 or
GI:161377446, and NM_001135765.1 or G1:209413708.

22. The method of claim 4, wherein the SERCAZ protein or a homologue
thereof comprises an amino acid sequence selected from the group consisting of
NP_733765.1 or GI:24638454, NP_001672.1 or GI:4502285, and NP_001129237.1, or
GI:209413709.
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