


Porcine IgG antibodies against P. aeruginosa can be mea-
sured by ELISA using antigen absorbed onto polysorb plates
and detected with peroxidase-conjugated goat anti-swine IgG
heavy plus light chain antiserum. Serum IgG1 and IgG2 against
P. aeruginosa can be measured by ELISA using antigen
absorbed onto polysorb plates and detected with mouse anti-
porcine IgG1 or IgG2 used as the primary antibody and perox-
idase-conjugated goat anti-mouse IgG heavy plus light chain
antiserum used as the secondary antibody.

Granulopoiesis in pigs is much less well-studied than in
humans. Although the half-life of pig neutrophils is not known,
it is likely similar to that of humans. Pigs express an ortholog
of human GM-CSF (111). In addition, a cocktail of porcine
IL3, stem cell factor, and GM-CSF stimulates the mobilization
of porcine bone marrow (BM) progenitors in vivo in the pig
and in baboons that underwent a conditioning regimen and
porcine BM transplantation (132).

Genomics and large-scale expression profiling technologies
have helped increase our understanding of inflammatory re-
sponses in the pig (64, 246, 285), however, little work has been
done in the respiratory tract. Pigs are vulnerable to a number of
respiratory Gram-positive and Gram-negative bacterial and
viral infections (29, 213, 231). These diseases are well-char-
acterized and include documented cellular, immunologic, and
chemokine/cytokine responses to both spontaneous and exper-
imental infections (229, 232, 233, 255, 256). The chemokine
and cytokine profiles of bacterial and viral lung diseases of pigs
are similar to humans (229). Pigs are susceptible to viral
respiratory diseases, bacterial respiratory diseases, and polymi-
crobial respiratory diseases called porcine respiratory disease
complex (PRDC). The latter complex can involve up to five
viruses and eight bacteria (27, 28, 31, 214, 228). Pigs infected
with porcine reproductive and respiratory syndrome virus
(PRRSV) and/or M. hyopneumoniae had significantly in-
creased levels of mRNA for many proinflammatory cyto-
kines in pulmonary alveolar macrophages collected by BAL
compared with those in uninfected control pigs (232). In-
creased levels of IL1�, IL8, IL10, and TNF-	 proteins in
BAL fluid, as measured by ELISA, confirmed the increased
cytokine induction induced by the pathogens. IL10 and TGF
play similar anti-inflammatory roles in the porcine lung as
noted in humans (229).

MCP-1 and macrophage inflammatory protein-1 (MIP-1)
induction was assessed in 1-day-old piglets inoculated intrana-
sally with porcine circovirus 2 by RT-PCR. Maximum MCP-1
expression and MIP-1 expression were observed at 17 and 21
days postinoculation, respectively (128).

Pigs express an ortholog of IL8 that is associated with
porcine bacterial and viral lung diseases (229, 232, 255).
Porcine IL8 shares �75% amino acid similarity with human
IL8 and exhibits transcriptionally regulated expression in re-
sponse to LPS stimulation (83, 144). Macrophages contained
low levels of IL8 mRNA, which increased �30-fold higher
after exposure to 10 pg/ml bacterial LPS.

How the presence of porcine cytokines/chemokines, host
defense polypeptides and proteins, or changes in their micro-
environments would affect their activity and influence a CF pig
pulmonary phenotype is unknown. It is interesting to note that
ASL from porcine primary airway epithelial cell cultures
shows a similar profile of loss of antimicrobial activity as the
ionic strength of the test solution is increased (Fig. 9).

PORCINE LUNG IMAGING

Much of the current information about lung structure and
function is derived from global measures of lung function,
from static pathology studies performed in two dimensions, or
from imaging studies with poor spatial resolution. There is
little direct information about regional structure and associated
physiology in the living lung. However, structural and func-
tional imaging of the airways and lung parenchyma can now be
used to evaluate the presence of disease to assess its activity
and progression and to measure heterogeneity of lung structure
and function. Newer lung imaging processes include macro-
optical techniques, micro-optical techniques, and multi-row
detector X-ray CT (MDCT). The optical techniques allow for
rapid, relatively noninvasive image acquisition over large
areas, such as the bronchoscopically visible airway tree, for
quantification of airway health or very focused high-resolution
imaging of targeted regions in a manner that is not destructive
to the target tissue. MDCT image sets are acquired as slices
that, when stacked, provide a 3-D contiguous data set that can
be visually examined, and relevant structures such as airways
can be identified and measured. The data sets consist of lung
structures that have been detected through their interaction
with X-rays, and recorded on a detector array, as a series of
grayscale values. The smallest independent unit that makes up
the image matrix in each slice in two dimensions is called a
pixel; this has an x and a y dimension. The 3-D nature of these
data sets can be captured because the image slice thickness (the
z dimension) is the same as that in the plane pixel x and y
dimensions. Adding the z dimension to a pixel creates an
imaging unit known as a voxel. If the x, y, and z dimensions are
the same, as can be the case with modern MDCT scanners, the
voxel is a cube, leading to a smooth image when viewed from
all directions. The capability of acquiring images of the lung
with cubic voxels has allowed for increased understanding of
lung structure.

Fig. 9. Effect of NaCl on antimicrobial activity of human and porcine airway
surface liquid (ASL). Relationship between salt concentration and antimicro-
bial activity of human and porcine ASL is shown. Samples were mixed with
NaCl to indicated concentrations, and P. aeruginosa killing was measured
using a luminescence assay. In the absence of ASL, there was no bacterial
killing. Luminescence units (L.U.) are expressed as % of control values and
correlate with bacterial viability.
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The Airways: Virtual Bronchoscopy

A virtual bronchoscopy is a computer-generated visualiza-
tion of a traditional bronchoscopy procedure with data acquired
in 3-D using MDCT scanning; it provides a simulation of a
bronchoscope traversing the pulmonary airways (73a, 155a,
155b, 205a). The structure of the pulmonary airways is ex-
tracted from MDCT volumetric data through automated airway
tree segmentation. The segmentation involves a combination of
adaptive region growing and a hybrid method utilizing both
region growing and mathematical morphology. The segmented
airway is then volume rendered, which produces a 3-D struc-
turally accurate image of the inner pulmonary airway wall
(243–245). The data, which can now be collected with isotro-
pic voxels, can be visualized in simulated three dimensions.
Since the voxel size is also known (each voxel has a uniform
size with linear and volume dimensions), the image data can be
interrogated for the grayscale changes that define anatomic
borders as well as for size. Using specifically designed soft-
ware, the airway tree can be extracted, and airway dimensions
for each airway generation, including wall thickness, reported.
Such measures can be compared on subsequent MDCT scans
in the same animal or between different animals of the same
age. To compare MDCT data, the scans must be acquired at
controlled predetermined lung volumes, using identical scan-
ning parameters. In this manner, the heterogeneity of the
airways in the normative animal can be characterized and
compared with any additional heterogeneity or homogenous
changes that might be associated with a disease process. An
example of the airways as seen in the normal porcine lung,
using commercially available software, is illustrated in Fig. 10.

The Airways: Macro-Optical Bronchoscopy

The airway structure and mucosa can be assessed objectively
through optical bronchoscopy using either fiber-optic or
charged couple device (CCD) systems. Using these macro-
optical bronchoscopes, three quantitative functional parameters
can be assessed, mucosal color analysis, mucosal texture anal-
ysis, and airway fluorescence (192). To complement airway
wall color change, airway wall texture can also be measured.
Methods and results of the color assessment have been pub-
lished (221, 224). Using hue and saturation as color measures,
pixel-by-pixel real-time analysis of the bronchial mucosal
color can easily be achieved and compared against a normative

database to determine regions that are different from normal as
well as regions that may change color over time. For instance,
in acute inflammatory conditions, the airway wall becomes
much redder, whereas chronic inflammation might lead to a
paler mucosal color. High-quality CCD bronchoscopes are
now available for large animal studies. These are purpose-built
to allow for the extra length needed for the longer snout in
intubated pigs or sheep. Such macro-optical assessments of the
entire bronchoscopically visible airway mucosa may be a
highly sensitive and early indicator of mucosal change from the
normal state without having to undertake multiple and frequent
small biopsy samples.

Mucosal blood flow has not been studied systematically in
CF but is expected to be a factor in the phenotypic manifesta-
tions of the airway disease. An assessment of bronchial mu-
cosal blood perfusion can be obtained by measuring the time
intensity fluorescence in the airway mucosa bronchoscopically
immediately coincident with an intravenous injection of fluo-
rescein (223). In animal and human studies, the airway wall
fluorescence signal appears at �20 s after an intravenous
fluorescein bolus and peaks rapidly. Preliminary work in the
porcine lung demonstrates that this technique works well and
can define bronchial mucosal blood flow. Mucosal perfusion
assessed in this manner might be a further indicator of airway
mucosal health or disease. Additionally, MDCT virtual bron-
choscopy and optical bronchoscopy image sets can be com-
bined into one data set to allow ease of visualization of
complex changes, including over time (222).

The Airway and Parenchyma: Micro-Optical Bronchoscopy

The use of novel micro-optical techniques has recently seen
interest in the pulmonary field for their potential to translate
into clinical in vivo biopsy systems. Methods include video-
assisted microscopy (38, 56, 79), optical coherence tomogra-
phy (OCT) (182, 278), and catheter-based confocal microscopy
(CBCM) (127, 193). CBCM systems can be used for charac-
terization of normal and diseased lung tissue in mouse models
(167), in larger animals such as the pig, and in humans (235).
These systems have the capability to noninvasively resolve
structures down to the micron level using reflectance mode and
down to the submicron level using fluorescence mode.

The CBCM are designed to fit through the auxiliary channel
of a standard or ultrathin bronchoscope and therefore can be

Fig. 10. Porcine airway tree analysis. A: a porcine airway tree extracted from the multi-row detector X-ray CT (MDCT) scan data using VIDA Diagnostics
software. B: the blue pathway in A was selected for airway measurements and linearized using computer processing. The airway lumen can then be measured
automatically, accurately, and reproducibly throughout its length. Measurements such as lumen diameter (inner and outer), area (inner and outer), wall thickness,
and wall area can be generated at any point in the airway. This allows for the heterogeneity of the lung to be quantified. The linear scale on the lower part of
the image is the same in horizontal and vertical directions.
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used to investigate lung tissue from the airway epithelium
down to the alveoli via the subtending airways. Using appro-
priate fluorescent probes, identification of specific and nonspe-
cific structures such as collagen, elastin, nerves, cell receptors,
nuclei, and macrophages can be achieved. Figure 11 represents
the porcine alveolar region imaged using the CBCM system
with no external fluorophores applied. If safe external fluoro-
phores, such as fluorescein, are given systemically, the alveolar
wall detail is seen in more detail since the fluorescein is
distributed throughout the lung water. A promising application
for CF research in porcine models is the direct visualization of
the airway epithelium using the CBCM system with the pos-
sible added potential to measure CBF in vivo. Using OCT
imaging systems with improving resolution and image acqui-
sition times, there is also the potential for measuring the ASL
in vivo, an important feature that could be used to differentiate
normal vs. diseased airway epithelium. Confocal microscopy
has also been used for assessing sensory networks in porcine
bronchial mucosa and formation of ganglia in the airways of
fetal porcine lungs (135, 261). Recently, investigation of mice
alveoli in the intact lung using confocal microscopy techniques
with fluorescein staining has led to new understandings on
alveolar mechanics otherwise not possible using traditional
techniques (167).

MDCT IMAGING METHODS

There is increasing literature on the value of MDCT scan
quantitative imaging in the lung (99, 100). Informative MDCT
imaging requires that the pig be on a ventilator to control
breathing and stop breathing at prescribed lung volumes for
imaging the lung. A common protocol for porcine lung imag-
ing includes 100 mAs, 120 kV, 1-mm collimation, an effective
slice thickness of 1.3 mm, overlap of 0.65 mm, pitch of 1.2
mm, and a slice parameter mode of 32 � 0.6 mm, with 512 �
512 slice matrices. The lungs are typically imaged at 40% and
95% vital capacity. Software packages have been developed to
automatically segment the lungs and the airways from the

MDCT image data set and to categorize voxels within the lung
fields according to their attenuation values (Hounsfield units).
An example of airway segmentation in the porcine lung is
shown in Fig. 10. Additionally, classification of the lung
parenchyma into normal or diseased states can be based on the
grayscale measures alone or on more involved pattern recog-
nition algorithms. One example of pattern recognition is the
adaptive multiple feature method, which recognizes different
tissue patterns including normal lung parenchyma, ground
glass, emphysema-like lung, and honeycomb patterns (250–
252). With a combination of these visualization and measure-
ment tools, the airways and the lung parenchyma can be
assessed from the MDCT scan information. This methodology
has now been adapted to the texture assessment of the lung in
3-D (276, 277). Such assessment can help answer the question
as to the heterogeneity of lung changes in CF and whether the
most severely affected airways also subtend the most severely
affected parenchymal disease, an important yet unanswered
question.

Porcine sinuses can also be evaluated using MDCT as has
been performed in sheep (33). This procedure can provide
measures of mucosal wall thickness and air space volume.
Figure 12 shows an example of sinus MDCT images from the
pig plus a 3-D rendering of the sinuses.

PULMONARY FUNCTION TESTS

Over time, almost all patients with CF experience progres-
sively worsening airways obstruction secondary to chronic
infection and accompanying recurrent pulmonary exacerba-
tions. Spirometry provides an objective and convenient method
of identifying declines in pulmonary lung function and re-
sponses to therapeutic interventions. Unfortunately, many of
the techniques needed to perform standard pulmonary function
tests (PFTs) require that the subject be cooperative and awake,
making these tests difficult to perform in animals. Investiga-
tors, particularly in the areas of toxicology and asthma, have
either adapted “traditional” PFT techniques to animals or have
developed new techniques and protocols more easily per-
formed in laboratory animals. In swine, several methods exist
to determine lung function under pathological conditions or in
response to treatment.

Esophageal Balloon-Pneumotachograph Technique

The esophageal balloon-pneumotachograph technique can
measure respiratory rate, tidal volume, dynamic lung compli-
ance, and total pulmonary resistance. This method has been
successfully used to measure bronchial hyperresponsiveness
and compliance in a porcine models of Sephadex-induced
inflammation and following inoculation with M. hyopneu-
moniae. It has also been employed to investigate the effect of
dietary fat consumption on pulmonary function (110, 154,
273). A limitation of this method is that sedation and/or
anesthesia is needed for the required instrumentation.

Whole Body Barometric Plethysmography

Whole body barometric plethysmography (WBBP) allows
measurements to be made on conscious, unrestrained animals.
Sedation is not required, and the animals are not intubated.
Animals are placed in airtight box, and pressure changes in the
box, secondary to the respiratory cycle, are recorded. A pa-

Fig. 11. Micro-optical bronchoscopy showing porcine lung alveolar connec-
tive tissue as visualized using a catheter-based confocal microscopy system
through the subtending airway (Mauna Kea Technologies). In this image the
native alveolar connective tissue can be seen because of strong autofluores-
cence. In the presence of endogenously administered fluorescein, alveolar size,
alveolar wall thickness, and cells specifically labeled with a fluorescent signal
can also be imaged.
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rameter termed enhanced pause, Penh, is calculated and has
been correlated with airway resistance. Despite extensive stud-
ies in mice with this method, controversy exists regarding Penh
and whether it represents a valid measure of bronchoconstric-
tion in mice (19). However, Halloy et al. (90, 91) have shown
in swine that airway reactivity measurements made with
WBBP correlate well with esophageal balloon-pneumotacho-
graph measurements following acetylcholine and endotoxin
challenge and have also tested WBBP after pulmonary chal-
lenge with P. multocida.

Impulse Oscillometry System

Klein et al. (129a, 130) have adapted the noninvasive im-
pulse oscillometry system to swine. This technique is per-
formed in nonintubated pigs that are either lightly sedated or
trained. With the impulse oscillometry technique, airway im-
pedance is measured in response to generated sound signals
broadcast into the airways through a tight-fitting face mask.
Flow and pressure signal analysis of test signals with a spec-
trum of frequencies allows for resistance measurement to be
made in different portions of the airway tree. This technique
has been successfully used for pulmonary function measure-
ments in pigs after natural and experimental infection with
Chlamydia suis (185a).

Whereas the above methods represent more traditional ap-
proaches for measuring airway obstruction, recent studies sug-
gest that high-resolution chest CT imaging (HRCT) and detec-
tion of air trapping is a more sensitive indicator of early
airways obstruction in CF patients (30, 54, 84, 190). Air
trapping represents air that is unable to be expired from the
lung. On expiratory HRCT images, air trapping appears as low
attenuation areas. We have begun to explore this methodology
in pigs. Figure 13A shows CT images at total lung capacity and
functional residual capacity following intrapulmonary delivery
of methacholine. The accompanying histogram (Fig. 13B)
details the changes in pulmonary parenchymal density follow-
ing methacholine challenge. Finally, with an increasing num-
ber of studies using hyperpolarized helium and magnetic res-
onance imaging (MRI) scanning to detect airflow limitations
and pulmonary parenchymal abnormalities, MRI may also
prove to be useful in a swine model of CF to assess pulmonary
function (70, 156, 254).

OTHER ORGAN SYSTEMS INVOLVED IN CF

CF is a multisystem disease. As with the lung, lack of a
suitable animal model has limited understanding of disease
pathogenesis in other organs. This is an important problem
because disease in other organs can cause patients significant
morbidity and is occasionally lethal. Thus an animal model that
develops disease like that in humans might offer opportunities
for understanding, preventing, and treating CF-related disease
in many organs. Although a description of the physiology,
anatomy, histology, and biochemistry of other porcine organs
is beyond the scope of this review, here we briefly mention
some of the other manifestations of CF where the availability
of a new animal model might provide investigators with an
opportunity to impact the disease. For further information
about CF manifestations in other organs, please refer to
Ref. 262.

Within the first day or two of life, meconium ileus affects
10–20% of patients who have mutations associated with severe
disease. The cause remains uncertain, but it has been specu-
lated that pancreatic failure or abnormal intestinal electrolyte
transport cause the intestinal obstruction of meconium ileus
and the secondary manifestations such as microcolon. Al-
though noninvasive procedures can relieve the obstruction in
some patients, surgery is still frequently required. Once meco-
nium ileus has been corrected, patients have a clinical course
similar to that of other patients with severe disease. Some
patients also develop a small bowel obstruction termed (distal
intestinal obstruction syndrome, DIOS). DIOS can occur re-
peatedly in patients with CF. CF mice do not develop meco-
nium ileus, however, they do display different intestinal ab-
normalities. The porcine intestine has frequently been used as
a model in studies of nutrition and electrolyte transport and
may provide new insight into the pathogenesis of meconium
ileus and DIOS.

Nearly all patients with severe mutations (for example, the
�F508 mutation) develop exocrine pancreatic insufficiency.
The pathological and clinical findings led Dorothea Anderson
to originally name the disease “cystic fibrosis of the pancreas.”
Supplementing patients with porcine pancreatic enzymes and
fat-soluble vitamins has reduced the morbidity and mortality
associated with CF pancreatic disease, however, it remains a
significant clinical problem. A widely held hypothesis is that
plugging of the pancreatic ducts causes the organ destruction.

Fig. 12. Transverse (A) and 3-dimensionally
rendered (B) views of the paranasal sinuses in
the pig. Note in A the thickening of the mucosal
lining in the sinus on the right. Using threshold-
ing techniques, the volume of air in the sinuses
(blue areas in B) can be calculated.
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However, there are many persistent questions about pancreatic
development, pathogenesis, inflammation, and destruction in
CF. The reason that mice do not develop CF pancreatic disease
remains unknown.

With extensive exocrine pancreas destruction, the islets of
Langerhans are also sometimes destroyed, and patients can
develop diabetes mellitus. Of note, their similarity to human
islets has led to attempts to develop xenotransplantation of
porcine islets to humans with diabetes mellitus.

Patients with CF can develop hepatic disease that often
remains clinically silent until the manifestations of portal
hypertension emerge. The disease appears to primarily affect

the biliary ducts, where CFTR is expressed. It has been hy-
pothesized that loss of Cl� and HCO3

� transport alters the
hydration and composition of bile leading to plugging of portal
biliary ductules. However, much remains to be learned about
the pathogenesis, and it is possible that studies of a CF animal
model could suggest novel therapeutic approaches. Of note, the
porcine liver shows many similarities to the human liver, hence
the attempts to develop xenotransplantation of porcine liver to
humans. CF mice do not develop liver disease like that in
humans with CF.

Congenital bilateral absence of the vas deferens causes
infertility in �97% of males with CF. The anatomic changes
appear to occur after the structures have initially formed,
although the pathogenesis remains uncertain. The testes are
usually normal in size.

Elevated concentrations of Cl� and Na� in eccrine sweat are
present at birth and throughout life in patients with CF, and
measurement of sweat Cl� concentration is a routine diagnos-
tic procedure. Pigs do not rely on sweating for evaporative
cooling, although they have a few eccrine sweat glands on the
nose. Thus a CF pig may not be a particularly good model for
eccrine sweat gland dysfunction, although studying the few
porcine eccrine sweat glands might provide a comparison with
human sweat glands.

Patients with CF also have other disease manifestations,
including osteoporosis, reduced fertility in females with CF,
episodic arthropathy, and an increased risk of cancer. A CF pig
might prove to be a useful model for these conditions.

CONCLUSION

This review indicates that porcine lungs share many ana-
tomic, histological, biochemical, and physiological features
with human lungs. The literature suggests that the function of
airway epithelia and SMGs in large part match those of human,
and inflammation and infection in many ways parallel re-
sponses in humans. Although there are differences between the
human and porcine lung, porcine lungs are much more like
those of humans than are mouse lungs. Thus we are hopeful
that a CF pig will develop lung disease that mimics that in
humans with CF. Without question, there will be differences
between the two. But if the CF porcine lung progresses at least
part way toward the disease in humans, it will open new
opportunities to probe pathogenesis and develop novel thera-
peutic strategies.

A CF pig should also provide unique opportunities, includ-
ing the chance to focus on early postnatal and young pigs.
There is a critical lack of information about the human CF lung
during development and the early postnatal period. Yet, this is
precisely when loss of CFTR may initiate disease. In addition,
it has been difficult to define the role of CFTR in many airway
processes, because once the disease is underway, chronic
inflammation and infection cloud interpretations and prevent a
distinction between pathogenic mechanisms and downstream
consequences of airway disease. A CF pig may also provide
the opportunity to study the small airways. Although this area
is hypothesized to be important in pathogenesis, no data exist
for the human lung. A CF pig could also become an invaluable
resource for testing therapies. At the present time, we cannot
ask whether a potential treatment prevents lung disease in a
mouse, because they do not develop disease that mimics that in

Fig. 13. Air trapping in the porcine lung. A: CT images from a 4-wk-old pig
before and after nebulization with methacholine. TLC indicates an image taken
at total lung capacity; FRC indicates an image taken at functional residual
capacity; PRE indicates before methacholine; POST indicates after methacho-
line. Note the heterogeneous air trapping (air trapping appears as darker areas
in the lung fields) in the image taken at FRC after methacholine. B: CT lung
density at FRC before (black line) and after (gray line) methacholine. Data are
histograms of number of voxels (a voxel is a small volume element from the
CT image) at each Hounsfield unit. The Hounsfield scale is a quantitative scale
for describing radiodensity; a lower number indicate less density (e.g., air), and
a higher number indicates greater density (e.g., water). In the histogram from
the lung after methacholine, the broader distribution of the histogram and the
presence of a greater proportion of voxels at low Hounsfield units indicate that
the lung has not deflated uniformly and that air trapping is present.
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patients. Finally, there is a renewed emphasis on preventive
strategies now that genetic screening is increasingly identifying
newborns with the disease; findings from a CF pig model could
inform the field about new strategies for their care.

What if a CF pig turns out to have a clinical phenotype like
that of the CF mouse with little pulmonary disease? We think
this unlikely based on earlier studies of the normal porcine
lung. However, even if pigs and mice have the same pulmonary
phenotype, the results should be highly informative and help
direct the field. To illustrate this point, consider two of many
potential examples. 1) SMGs are hypothesized to be central to
CF pathogenesis. One hypothesis states that CF mice lack
typical CF lung disease because they have only a few SMGs
whereas glands are abundant in the cartilaginous airways of
humans. Thus, if the CF pig has no pulmonary phenotype, it
might shift emphasis away from SMGs as an underlying factor.
2) It has been proposed that activity of an alternative Cl�

channel replaces the function of CFTR in mouse airway epi-
thelia, thereby protecting CF mouse airways from disease. If
we find that pigs have no pulmonary phenotype, and have
alternative Cl� channel function like that in humans, it would
indicate that the alternative Cl� channels thought to be impor-
tant in preventing disease in the mouse are probably not an
important protective factor. Conversely, if CF pigs do not
develop lung disease and have alternative Cl� channel function
like that in mice, it will suggest they compensate for the loss of
CFTR to prevent lung disease. This conclusion would make
them an important therapeutic target. It would also suggest the
CF porcine airway as an excellent model in which to better
understand their biochemical, molecular, and functional prop-
erties.

Thus comparing results from CF pigs with the extensive data
already obtained in humans with CF and CF mice should teach
us much about how loss of CFTR causes lung disease, no
matter what the phenotype of a CF pig.
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