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INTERFERON-ALPHAMEDIATED 
UPREGULATION OF AOUAPORIN EXPRESSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 09/448,698 filed Nov. 24, 1999 which claims 
priority under 35 U.S.C. S 119 (e) to U.S. Provisional 
Application No. 60/109,791, filed Nov. 25, 1998, which is 
expressly incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 This invention relates to a method for relieving 
Xerotic Symptoms (abnormal dryness) by up regulating 
aquaporin production in cells. More particularly, the present 
invention is directed to a method for enhancing expression 
of aquaporin proteins in aquaporin producing cells of a 
warm-blooded vertebrate by contacting Said cells with an 
effective amount of interferon-alpha (IFN-C). 

BACKGROUND/SUMMARY OF THE 
INVENTION 

0.003 Aquaporin proteins are members of the MIP 
(Major Intrinsic Protein) family. Such proteins occur in 
many different organisms, Such as yeasts, plants, bacteria, 
insects, and mammals, including humans. The member 
proteins of the MIP family comprise approximately 250-290 
amino acid units and the Sequences differ mainly at their N 
and C termini. All MIPs are found in vivo as intrinsic 
membrane proteins (i.e., they sequester with the membrane 
fraction in centrifugations of cell Suspensions, etc.). Current 
Studies indicate that MIPS, including aquaporins, are mem 
brane-bound channel proteins. 
0004 Aquaporins are large and highly conserved mem 
brane proteins that function as highly Selective water chan 
nels. After being formed within the cell, aquaporin lodges in 
the plasma membrane, with six transmembrane regions 
looping through the membrane bilayer and forming the 
protein channel through which water passes freely. 
0005 Aquaporins move water using a passive process 
driven by the osmotic gradient across the cell membrane. To 
date, Six mammalian aquaporins, numbered 0-5, have been 
identified. For example, Aquaporin 5 (AQ-5) is abundant in 
Salivary and lacrimal glands, where it is thought to contrib 
ute to Saliva and tear production. AQ-5 is also expressed in 
the adult lung, where it is believed to be at least partially 
responsible for respiratory transpiration. 

0006 Aquaporins play a central role in water homeosta 
sis in both plants and animals, as indicated by the localiza 
tion of aquaporins to the moist Surface tissueS of the alveoli, 
the kidney tubules, the choroid plexus of the brain (where 
cerebroSpinal fluid is produced), the ciliary epithelium of the 
eye (where aqueous humor is formed) and in Salivary and 
lacrimal glands. Physiological Studies further illustrate the 
importance of aquaporins to the maintenance of proper 
water homeostasis. For example, Xu et al. demonstrated that 
Aquaporin 2 is upregulated in kidney collecting tubules 
during congestive heart failure, thereby exacerbating the 
disease by causing increased water retention. J. Clin. Invest., 
99(7): 1500-5 (1997). Due to their important role in water 
regulation of biological Systems, aquaporins are believed to 
be potential targets for therapeutic intervention in disease 
States involving Symptoms of improper water homeostasis. 
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0007. The present invention is based in part on the 
discovery that interferon upregulates expression of aqua 
porin proteins, and further that administration of interferon 
in Vivo for contact with relevant cell populations is benefi 
cial in treating disease States wherein water homeostasis is 
compromised. 

0008 “Interferon” is a term generically describing a 
group of Vertebrate glycoproteins and proteins which are 
known to have antiviral, antiproliferative and immunomodu 
latory activity. In the early years of interferon research, an 
international committee was assembled to devise a System 
for orderly nomenclature of interferons and defined “inter 
feron” as follows: “To qualify as an interferon a factor must 
be a protein which exerts virus non-specific, antiviral activ 
ity at least in homologous cells through cellular metabolic 
process involving synthesis of both RNA and protein.' Jour 
nal of Interferon Research, 1, pp. vi (1980). “Interferon” as 
used herein in describing the present invention shall be 
deemed to have that definition and Shall contemplate Such 
proteins, including glycoproteins, regardless of their Source 
or method of preparation or isolation. 

0009 Interferons have generally been named in terms of 
the Species of animal cells producing the Substance, the type 
of cell involved (e.g., leukocyte/lymphoblastoid or fibro 
blast) and, occasionally, the type of inducing material 
responsible for interferon production. The designations 
alpha (C), beta(B) and gamma(Y) have been used to corre 
spond to the previous designations of leukocyte, fibroblast, 
and immune interferons, respectively. Alpha and beta inter 
ferons are usually acid-Stable and correspond to what have 
been called Type I interferons; gamma interferons are usu 
ally acid-labile and correspond to what have been called 
Type II interferons. More recently, interferon tau has been 
described as an interferon-alpha related Type I interferon 
produced by bovine and ovine trophoblasts. 

0010 Interferon of human and murine origin is quantified 
in the art in terms of International Units (IU). Interferons of 
other than human or murine origin can be used in accordance 
with this invention. In that presently accepted practices may 
not extend the use of “International Units” to quantify 
non-human and non-murine interferons, it shall be under 
stood that administration of amounts of non-human/non 
murine interferons having the same efficacy as the quantities 
(IU's) of human interferon specified in this description are 
within the Scope of the present invention. 

0011. In accordance with this invention, interferon-alpha 
is administered to a patient Suffering from a disease State 
characterized generally by conditions of dryneSS of mucosal 
tissue. For the purpose of the present invention, appropriate 
IFN-C treatment dosages range from about 0.1 IU/lb to 
about 100 IU/lb of patient body weight, more typically about 
0.5 to about 10 IU/lb of patient body weight. Thus, unit 
dosage forms for human use typically comprise about 5 IU 
to about 2500 IU of interferon-C, more typically about 10 IU 
to about 300 IU of interferon-C, in combination with a 
pharmaceutically acceptable carrier therefor. Dosage forms 
for treatment in accordance with this invention can be in 
Solid, liquid, aeroSol, ointment or cream formulation and are 
typically administered from one to four times daily until the 
Xerotic condition being treated is alleviated. Chronic admin 
istration may be required for Sustained benefit. Generally 
Speaking, the dosage forms are administered in a disease 
State-dependent manner, including particularly administra 
tion topically, bucally/Sublingually, by oral ingestion or by 
inhalation. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0012. The present invention relates to a method for 
enhancing eXpression of an aquaporin protein in aquaporin 
producing cells of a warm-blooded vertebrate. The present 
invention enables use of an effective amount of IFN-C to 
treat certain pathological States that produce mouth dryneSS 
(xerostomia), alterations of lacrimation (xerophthalmia) 
and/or abnormal accumulation of mucous in the lungs, as 
well as other Xerotic (i.e., abnormally dry) physiological 
conditions. 

0013 The present method involves the administration of 
IFN-C. for contacting mucosal and/or glandular tissues 
involved in water homeostasis. Generally, Such tissues com 
prise Secretory cells that Serve to lubricate Surrounding 
tissue or facilitate the movement of water through Surround 
ing tissue. In the present method, patients afflicted with 
Xerotic conditions are treated with IFN-C to alleviate abnor 
mal dryneSS of Such mucosal tissues. Typical tissues to be 
targeted for treatment using the present method include the 
oral mucosa, the nasopharyngeal mucosa, Salivary glands, 
the conjunctiva of the eye, lacrimal glands, vaginal mucosa 
and/or the lungs. 
0.014. One embodiment of the method comprises the step 
of contacting aquaporin producing cells with an amount of 
IFN-C. effective to upregulate aquaporin expression in Said 
cells. Such contact can be accomplished through adminis 
tration of any Suitable dosage form, including (but not 
limited to) acqueous Solution, lozenges, tablets, capsules, 
topical creams, ointments or Suppositories. 
0.015. In another embodiment of the present method, 
IFN-Cl is administered to a warm-blooded vertebrate having 
a disease State characterized by diminished function of cells 
responsible for tear production or lacrimation. In this 
embodiment of the invention, IFN-C. in an amount effective 
to upregulate aquaporin protein production and thereby 
enhance lacrimation may be administered orally, buccally, or 
topically to the conjunctiva or lacrimal gland of Said verte 
brate. 

0016 Administration of IFN-C. is useful in accordance 
with this invention for treatment of keratoconjunctivitis 
Sicca (KCS). KCS is a common problem in dogs; there is an 
approximately 2% prevalence in the canine population in the 
United States. There are numerous causes for KCS including 
drugs (i.e., Sulfa drugs, parasympatholytic drugs), trauma, 
chronic conjunctivitis, and infections (e.g., viral canine 
distemper) etc. The most common cause in dogs is sponta 
neous, immune-mediated KCS. In immune-mediated KCS, 
the lacrimal glands become progressively infiltrated with 
mononuclear cells. Tissue destruction occurs and eventually 
fibrosis replaces the lacrimal tissue. KCS is most common in 
middle-aged (i.e., 6-10 year old) neutered female dogs and 
in specific breeds of dogs (e.g., West Highland white terriers, 
bulldogs, cocker Spaniels, etc). Without treatment, naturally 
occurring, immune-mediated KCS in dogs is a progressive, 
chronic condition. Lacrimation levels in these dogs remain 
low and the clinical Signs of KCS do not Spontaneously 
improve. 

0017 Previously, treatment for canine KCS has consisted 
of frequent use of topical artificial tears, topical and/or 
Systemic antibiotics to treat Secondary bacterial infections, 
topical or oral tear stimulants, (e.g., pilocarpine), and topical 
Surface wetting agents Such as Sodium hyaluronate. These 
treatments are Successful in many cases of KCS, especially 
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when the condition is recognized early in the course of 
disease. Unfortunately, many cases of KCS are not presented 
for evaluation or not diagnosed until late in the clinical 
course when Signs are chronic and the condition is poorly 
responsive to medication. 
0018 Approximately ten years ago, topical cyclosporin A 
(either a 0.2% ointment, or 1 or 2% drop in oil) was 
introduced as a treatment for canine KCS and has been 
beneficial in >75% of dogs with canine KCS. In many cases, 
topical cycloSporin A reduces corneal and conjunctival 
inflammation and cellular infiltrates into the lacrimal gland 
thereby allowing the lacrimal gland to resume tear produc 
tion. Since its introduction, topical cycloSporin A has 
become the treatment of choice for treatment of immune 
mediated KCS in dogs; however, this drug does have its 
disadvantages. CycloSporin A therapy is expensive and, 
because treatment is required for the life of the patient, 
represents a Substantial financial commitment for dog own 
erS. Proper treatment requires topical ocular application 2-3 
times per day. Side effects from the cyclosporin A and 
vehicle have been reported and Significant Systemic absorp 
tion and decrease of lymphocyte function have been Seen, 
especially in Smaller dogs (i.e., less than 10 kg). Cyclosporin 
A treatment is only recommended for immune-mediated 
KCS and is contraindicated with other causes of KCS Such 
as drug-induced or viral infections. 

0019. Another embodiment of the present invention 
relates to the administration of IFN-C. for purposes of 
enhancing Saliva production in a patient having a disease 
State which results in abnormal mouth dryneSS, or Xerosto 
mia. In this embodiment, the IFN-Cl is administered in a 
dosage form suitable to allow or promote the IFN-C. to 
contact the oral and pharyngeal mucosa, and the Saliva 
producing cells (minor and major glands). Examples of Such 
dosage forms are Saliva miscible or Saliva Soluble dosage 
forms Such as aqueous Solutions and lozenges, respectively, 
and other art recognized dosage forms which allow or 
promote mucosal contact with the dose of interferon. 

0020. In another embodiment of the present invention, 
IFN-C. is administered to a patient Suffering from pulmonary 
disease wherein the airways of Said patient are becoming 
blocked with mucous, Such as the pulmonary Symptoms 
suffered by patients afflicted with cystic fibrosis. In this 
embodiment, IFN-C. can be administered in any manner 
appropriate to deliver an effective amount of IFN-C to the 
patient; however, oral, buccal and particularly topical 
administration of IFN-C. by inhalation are efficient means of 
drug delivery for purposes of treating Such pulmonary 
disorders in accordance with this invention. For inhalation 
administration, the types of inhaler that may be used in 
carrying out the present invention include metered dose 
inhalers, dry powder inhalers, nebulizers, aerosols, Steam 
carried formulations, and the like. Appropriate IFN-C treat 
ment dosages for all embodiments of the present invention 
range from about 0.1 IU/lb to about 100 IU/lb of patient 
body weight. 

0021. Thus in accordance with this embodiment of the 
present invention a patient with cystic fibrosis is treated with 
IFN-C. wherein the drug is administered as an aerosol mist 
or powder and inhaled by the patient. The IFN-C. is option 
ally administered using a metered dose inhaler, whereby 
about 75 IU to about 1000 IU of IFN-Cl is delivered with 
each administration. The metered dose inhaler is configured 
Such that a pressurized canister containing a propellant, an 
appropriate carrier compound and IFN-C can be opened by 
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depressing the top, thus releasing the dose of IFN-C. in 
aeroSol form into a mouthpiece through which the patient 
breathes. The dosage administration can be repeated as 
necessary to help facilitate clearing of the lungs and ease 
breathing. 
0022. In another embodiment of the present invention, 
IFN-Cl is used to treat patients afflicted with abnormal 
vaginal dryneSS. Any Suitable dosage formulation which 
provides contact of INF-C. with the vaginal mucosa can be 
used for the present method. Typically, INF-C. is adminis 
tered as a cream, ointment, Suppository and the like. 

EXAMPLE 1. 

0023. IFN-C. Augmentation of Transcription and Produc 
tion of AQ-5 in Cultured Parotid Gland Tissue. 

0024. Two samples of normal human parotid gland tissue 
were removed during Surgical extirpation of a Warthin's 
tumor (RB parotid) and during a parotid exploration for 
intraparotid lymphadenitis (JF parotid). Tissues were imme 
diately placed in a small volume of RPMI-1640 containing 
5% heat-inactivated AB+ human serum (v/v), glutamine (2 
mM), penicillin (50U/ml), gentamicin and streptomycin (50 
ug/ml each) (RPMI--) and kept at 4 C. during transport to 
the laboratory. The RPMI-1640 was decanted, and tissue 
Samples Snap frozen in cryotubes by immersion in liquid 
nitrogen. The samples were then stored at -120C. until use. 
Fifth passage human parotid gland (HS 917) was also 
obtained from American Type Culture Collection (ATCC) 
(Rockville, Md.), and tissue samples Snap frozen in cryo 
tubes and stored frozen at -120° C. until use. 

0.025 Thawed tissue samples were teased apart, and 
approximately 5x10 cells distributed in 25 cm flasks. Each 
flask was incubated for 5 minutes at 37 C. with 1.0 ml 
trypsin-EDTA (0.2% trypsin V/V, 1.0 mM EDTA). Five ml of 
RPMI-- per flask was then added, and preparations incubated 
at 37 C. in 5% CO until a confluent cell growth was noted 
(generally overnight). The media was then decanted, and 5.0 
ml of fresh RPMI+ containing 0, 100, 500, or 1,000 IU/ml 
IFN-Cl added. Cultures were incubated at 37° C. in 5% CO 
for an additional one, two or nine hours, the Supernatants 
decanted, and the cells harvested for Reverse Transcriptase 
PCR and Western Blot assays. All studies were done on first 
pass (RB and JF parotids) or sixth pass (HS 917 parotid) 
cultures. 

0026. To quantitate the level of transcription of the gene 
encoding the aquaporin protein, total cellular RNA was 
extracted from homogenized parotid tissue by the Sequential 
addition of RNAZolTM B (Tel-Test, Inc., Friendswood,Tex.) 
(0.4 ml/1x10 BEC) and chloroform (0.2 ml/2.0 ml homo 
genate). The Suspension was Vortexed, placed on ice for 5 
min, and centrifuged at 12,000 g for 15 min at 4 C. The 
aqueous phase was washed twice with 0.4 ml phenol:chlo 
roform (1:1, v/v), and once with 0.4 ml of chloroform, each 
time centrifuging the Suspension at 12,000 g for 15 min at 
4 C. RNA was precipitated with 0.1 volume 7.5 M ammo 
nium acetate and ethanol on dry ice. After centrifugation at 
12,000 g for 15 min at 4 C., the RNA pellet was washed 

Mar. 28, 2002 

with 70% ethanol. The RNA pellet was then dried under 
vacuum, and resuspended in 20-30 ul DEPC-treated water. 
Samples were further processed if the 260/280 nm optical 
density ratio was >1.8. RNA was quantitated by optical 
density readings at 260 nm, and with DipStick (Invitrogen, 
San Diego, Calif.). The integrity of the 28S and 18S bands 
was determined by electrophoresis in 2% ethidium bromide 
Stained agarose gels. 

0027 First-strand cDNA was synthesized using Reverse 
Transcription System Kit (Promega, Madison, Wis.) in the 
presence of Avian Myeloblastic Virus reverse transcriptase 
(1.0 U?ul), 1 mM each of dATP, dCTP, dGTP and dTTP, 
RNase inhibitor (1 U/ul), RT buffer (5 mM KC1, 10 mM 
Tris-HCl, pH 8.8, and 0.1% Trita X-100 (final concentra 
tion)), and MgCl (5 mM), using oligo(dT) (0.5ug/ug RNA) 
as a primer in a total Volume of 20 ul. The preparation was 
incubated at 42 C. for 30 min, 99 C. for 5 min, and on ice 
for 5 min to complete the reverse transcription, and 
stored at -70° C. until used. Ten ug of total RNA was used 
in each cDNA synthesis reaction. 

0028 PCR amplification was done on aliquots of the 
cDNA in the presence of MgCl2 (1.65 mM), and paired 
AQ-5-specific and GADPH-specific primers (0.2 uM of 
each primer) in a total of 50 ul PCR SuperMix (GibcoBRL, 
Gaithersburg, Md.). For AQ-5 primers, two 20 mers, aagac 
catggagctgaccac (left), and ccctictetaactgtgcagcc (right) oli 
gos were designed based on the human AQ-5 cDNA 
sequence. PCR was done for 40, 50 or 60 cycles under the 
following conditions: initial denaturation at 95 C. for 2 min, 
denaturation at 94 C. for 45 sec, annealing at 60° C. for 45 
sec, and extension at 72 C. for 90 sec. Final extension was 
at 72 C. for 10 min. Ten microliters of the amplified 
products were Subjected to electrophoresis on a 2% agarose 
gel containing ethidium bromide. Care was taken to ensure 
equal RNA loading, and negative DNA controls were run 
with each experiment to exclude contamination or nonspe 
cific amplification. 

0029) Identity of PCR products was determined by the 
sizes of the amplified fragments (174 bp for AQ-5 and 593 
bp for GADPH) and, in the case of AQ-5, by nucleotide 
Sequencing. For Sequencing, the 174 bp band was excised 
from agarose gels, and the DNA purified using a GlassMax 
DNA Isolation Matrix System (GibcoBRL, Gaithersburg, 
Md.). Purified DNA was then sequenced using the above 
two oligos. The 174bp Sequence was compared with that of 
human AQ-5 cDNA using GenBank and the BLAST pro 
gram, and showed a 95% identity with the human AO-5 
gene. Semi-quantitation was performed using an AlphaIm 
agerTM 2000 Digital Imaging System (Alpha Innotech Corp., 
San Leandro, Calif.) to calculate AQ-5/GADPH ratios. 

0030 Studies on the effects of IFN-O. on AQ-5 transcrip 
tion using the method described above were done on 1 hour 
cultures of all three parotids, 2 hour cultures of RB and HS 
917 parotids, and a 9 hour culture of RB parotid. AQ-5 was 
constitutively expressed in all three parotid glands, being 
detectable on RT-PCR after 60 amplifications. 
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0.031 IFN-O. augmented AQ-5 transcription at all study 
times in each of the three parotid glands with peak effects 
occurring at one hour (Table 1-data expressed as 
meants.e.m.). The level of AQ-5 transcription was linearly 
related to the concentration of IFN-C. (FIG. 1). 
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had normal physical examinations, complete blood counts, 
Serum chemistry profile, and thyroid function. All ocular and 
Systemic medication, except topical artificial tears, were 
discontinued at least 2 weeks prior to beginning the clinical 
trial. Dogs Selected to be entered into this study demon 

TABLE 1. 

Culture AO-5 mRNA Level (% increase over baseline 

Time (hrs) With 100 IU/ml IFN-O. With 500 IU/ml IFN-O. With 1,000 IU/ml IFN-C. 

1 (N = 3) 65 51 88: 47 167 - 93 
2 (N = 2) 36 - 10 93 111 10 
9 (N = 1) 75 

0.032 To determine whether IFN-O. treatment increased 
the amount of aquaporin protein expressed, Western Blotting 
techniques were used in which parotid tissue was homog 
enized in 8 Murea containing protease inhibitor mix (1 mM 
each of antipain, aprotinin, bestatin, chromoStatin, pepStatin 
A, leupeptin and PMSF), centrifuged at 13,000 g for 10 
minutes, and the Supernatant collected. Protein Samples were 
analyzed by SDS-PAGE, using the buffer system of Laem 
mli and gels of 10% acrylamide in a Bio-Rad Mini Gel 
System. Electroblotting of the SDS-PAGE separated 
polypeptides onto nitrocellulose membranes was carried out 
as described elsewhere. Nitrocellulose blots containing 
immobilized samples were reacted with affinity purified 
rabbit polyclonal antibody to AQ-5. The antibody was raised 
against a protein-linked Synthesized peptide which corre 
sponded to the C-terminal 25 amino acids of rat AQ-5, and 
is specific for both rat and human AO-5 protein. The 
Secondary antibody was horseradish peroxidase conjugated 
goat anti-rabbit IgG (Pierce, Rockford, Ill.). The bands were 
visualized using the SuperSignal Western Blotting Kit 
(Pierce, Rockford, Ill.) and Fuji RX X-ray film, and quanti 
tated using the Alphalmager 2000 Digital Imaging System. 

0033. The Western blot studies described above were 
done on 1, 2 and 9 hour cultures of RB and HS 917 parotids, 
and on 1 and 2 hour cultures of JF parotid. IFN-O. augmented 
AQ-5 protein production at all Study times in each of the 
three parotid glands with peak effects occurring at one hour 
(Table 2-data expressed as meants.e.m.). The level of 
AQ-5 protein production was linearly related to the concen 
tration of IFN-C at each of these incubation times (FIG. 2). 

strated residual lacrimal function (>1 but <10 mm/minute 
Schirmer tear test (STT)). Oral IFN-O. was administered 
once daily to the dogs by their owners as the only therapy for 
KCS once the patients entered the trial. 
0036) Escalating doses of natural human recombinant 
IFN-C. were tested. Physical and ophthalmic examinations 
(biomicroscopy, indirect ophthalmoscopy) were performed 
every 2 weeks for the duration of the trial (84 days). These 
examinations included performing STT and assessing Sever 
ity of the ocular inflammation. Each dog was given either 
two or three separate, escalating doses of the IFN-C. (20, 40, 
and 80 IU) to determine the most effective dose. The test 
product was packaged in 3 ml, low-density polyethylene, 
blow-mold single dose units containing 1 ml of IFN-O. The 
test product was refrigerated (2-8 C.) during storage and 
administered into the buccal cavity. The owners were 
instructed to withhold food or water for 5 minutes before and 
after treatment. 

0037. A favorable response to the IFN-C. included an 
increase of 25 mm/min on the STT and/or Substantial 
improvement in clinical signs (e.g., decreased mucus dis 
charge, blepharospasm, conjunctival hyperemia, etc) as 
observed by the owner or clinician. Whether or not the dogs 
responded to the 20 IU dose of IFN-O, all dogs were placed 
on 40 IU of IFN-O. after 4 weeks. At 8 weeks, “response” 
was again assessed; only dogs that did not respond to the 20 
or 40 IU dose of IFN-O were raised to 80 IU of IFN-O. If the 
dog did not respond to any of the doses of the IFN-C, then 
topical 0.2% cycloSporin A ointment was given to the dog 
(twice daily) and biweekly reevaluations were performed. 

TABLE 2 

Culture AQ-S mRNA Level (% increase over baseline 

Time (hrs) With 100 IU/ml IFN-O. With 500 IU/ml IFN-O. With 1,000 IU/ml IFN-C. 

1 (N = 3) 42 - 15 85 27 13836 
2 (N = 3) 39 - 16 67 46 77 - 26 
9 (N = 2) 27 7 40 23 75 - 18 

EXAMPLE 2 

0034 Administration of IFN-C to Dogs With Keratoco 
niunctivitis Sicca (KCS) 
0035) Dogs diagnosed with chronic (>3 months in dura 
tion) KCS were selected for clinical trial. All dogs selected 

0038 Twenty dogs with a diagnosis of KCS in one or 
both eyes were admitted into the study. Six dogs had 
unilateral and 14 had bilateral KCS. All dogs that were 
entered into the study were neutered, with 14 females and 6 
males. The Study group represented a variety of dog breeds 
including American cocker Spaniels (n=6), Shih tZuS (n=3), 
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bulldogs (n=3), Beagles (n=2), Yorkshire terriers (n=2), a 
West Highland white terrier, a Siberian husky, a German 
Shepherd dog, and a sharpei. The mean and median age of 
the dogs was 9.0+2.9 (mean i standard deviation) and 9 
years, respectively. All dogs had chronic KCS of at least 3 
months duration with a mean and median duration of 
3.1+SD 2.6 and 2 years, respectively. 
0039. A favorable response was observed in 55% of all 
dogs treated (11/20). Clinical findings of those dogs that 
responded included increased wetting of the eyes, decreased 
mucus discharge, and fewer Signs of discomfort. 
0040. There was no significant difference in pretreatment 
mean STT between the dogs that responded (6.4+SD 2.5 
mm/min) to the oral IFN-C. and those that did not (4.7+2.9 
mm/min) (FIG. 3). Seven of the eleven dogs with favorable 
outcome had an increased STT of 5 mm/min or greater, after 
treatment with oral IFN-C. The dogs that did respond had a 
mean STT value (10.5+5.7 mm/min) that was significantly 
greater than their pretreatment STT and greater than the 
post-treatment mean STT (5.6+4.1mm/min) of dogs that did 
not respond (P<0.001) (FIG. 3). 
0041 All dogs that responded did so with the 20 or 40 IU 
dose of IFN-O. Of the 11 dogs that responded to IFN-C. 
treatment, 3 had responded after 14 days on 20 IU, 5 by 28 
days on 20 IU, and 3 after 28 days on 40 IU (56 days after 
starting IFN-C-28 days on 20 IU and 28 days on 40 IU). No 
additional dogs responded when placed on 80 IU. 
0042. No side effects were noticed and all dogs tolerated 
the treatment well. For the dogs that responded, the owners 
of the dogs were pleased with the ease of administration of 
the medication, the fact that no “eye medications” had to be 
given, and that the medication only had to be given once a 
day. For 4 animals that did not respond to any of the doses 
of IFN-O, topical 0.2% cyclosporin Aointment was admin 
istered topically in both eyes twice a day. There was a slight 
increase (<5 mm/min) in STT in 2 of 4 dogs after 2 weeks 
on cycloSporin A. 

EXAMPLE 3 

0.043 Administration of IFN-C. Lozenges for Increasing 
Saliva Production in HIV Patients Suffering from Xerosto 
mia. 

0044 IFN-C. was diluted and mixed in pharmaceutical 
grade anhydrous crystalline maltose (ACM) and compressed 
into lozenges weighing 200 mg. Magnesium Stearate was 
added as a lubricant/excipient. The dosage of IFN-O. to be 
administered was three (3) 150 IU lozenges per day (450 IU 
daily dose). Subjects self-administered a lozenge containing 
150 IU at each of 3 approximate times per day: 8 am, 2 pm 
and 8 pm. Each lozenge was held in the oral cavity, allowed 
to dissolve into the saliva and the saliva Swished around the 
mouth before Swallowing. Treatment was continued for a 
total of 12 weeks. 

0.045 Effect assessments were based upon objective 
changes in Salivary flow rates, and Subjective changes in oral 
dryneSS as reported by the Subjects. Changes in unstimulated 
whole Saliva and Stimulated whole Saliva were the primary 
outcome variables for this study. The methods used to 
measure these variables were as follows: 

0046 (1) Unstimulated Whole Saliva (UWS) was 
collected using the “Spitting method” as described by 
Navazesh. Annals of New York Academy of Sciences, 
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694:72-77, 1993. The subject tipped his/her head 
slightly forward with the lower jaw relaxed, allowed 
the saliva to pool in the mouth for 60 seconds, and 
then Spit the Saliva into a pre-weighed collector. This 
was repeated 4 times for a total of 5 minutes of 
collection time. At the end of the collection, the 
amount of Saliva was determined by weight; 

0047 (2) Stimulated Whole Saliva (SWS) was per 
formed by having the subject first Swallow any 
accumulated Saliva in the mouth. The Subject then 
placed an unflavored, unsweetened piece of chewing 
gum base into the mouth and chewed at a rate of 60 
chews per minute. The Speed of chewing was stan 
dardized with the use of a metronome. The subject 
Spit out the accumulated Saliva after each minute of 
chewing for a total of five minutes. At the end of the 
collection, the amount of Saliva was determined by 
weight. 

0048 (3) Subjective reports of changes in oral dry 
neSS were assessed by 100-mm visual analog Scales 
and other questionnaires. 

0049. The results of the study are summarized in Table 3 
for nine participants. 

TABLE 3 

Change in Change in Change (mm) in 
Subject ID# Final Visit SWS UWS Oral Dryness* 

OO1 Week 12 -21% 2% 53 
OO2 Week 12 6% 31.3% 7 
OO3 Week 4 19% 2% 39 
OO4 Week 12 46% 87% 70 
O05 Week 4 89% 8% 31 
OO8 Week 2 37% 37% ND 
OO9 Week 4 87% 65% 16 
O10 Week 12 -38% -36% 29 
O11 Week 12 67% -24% 38 

*An increase indicates improvement. 

0050 SWS=Stimulated Whole Saliva; UWS=Unstimu 
lated Whole Saliva. 

0051. A 50% increase is considered clinically significant 
for both stimulated whole saliva (SWS) and unstimulated 
whole saliva (UWS). Three of nine (33%) subjects had a 
positive response for either SWS or UWS, but only one 
subject had a positive response for both. Six of eight (75%) 
Subjects had a clinically significant (>25 mm) increase in the 
Visual analog Scale for oral dryneSS. 
We claim: 

1. A method of improving pulmonary function in a patient 
Suffering from a pulmonary disorder characterized by 
mucous blocked airways, Said method comprising the Step 
of administering interferon-alpha in an amount effective to 
upregulate aquaporin protein expression in lung cells and 
enhance mucous mobilization. 

2. The method of claim 1 wherein the interferon is 
administered orally. 

3. The method of claim 1 wherein the interferon is 
administered bucally. 

4. The method of claim 1 wherein the interferon is 
administered topically to the lung cells by inhalation. 
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