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The invention provides a compound for use in treating or preventing a disease or condition selected from cystic fibrosis, chronic
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idiopathic chronic pancreatitis and Sjérgren's syndrome, or for use in preventing male infertility caused by congenital absence of
the vas deferens, in a patient by modulating CFTR activity, which compound is 9,10-dimethoxy-2-(2,4,6- trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6,1- alisoquinolin-4-one or a pharmaceutically acceptable acid addition
salt thereof. The invention also provides a composition comprising (i) 9,10-dimethoxy-2-(2,4,6- trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6,1- alisoquinolin-4-one or a pharmaceutically acceptable acid addition
salt thereof and (ii) a leukotriene receptor antagonist. The invention also provides acomposition comprising (i) 9,10-dimethoxy-2-
(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7- tetrahydro-2H-pyrimido[6,1-ajisoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof and (ii) a CFTR potentiator or a CFTR corrector.
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(57) Abstract: The invention provides a compound for use
120 in treating or preventing a disease or condition selected from
cystic fibrosis, chronic obstructive pulmonary disease
(COPD), asthma, mild pulmonary disease, bronchitis, bron-
chiectasis, idiopathic bronchiectasis, allergic bronchopul-
monary aspergillosis, sinusitis, rhinosinusitis, CFTR-related
metabolic syndrome (CRMS), pancreatitis, idiopathic chron-
ic pancreatitis and Sjérgren's syndrome, or for use in pre-
venting male infertility caused by congenital absence of the
vas deferens, in a patient by modulating CFTR activity,
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aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[ 6, 1-
alisoquinolin-4-one or a pharmaceutically acceptable acid

0 T T T T addition salt thereof and (ii) a leukotriene receptor antagon-
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CYSTIC FIBROSIS TREATMENT

FIELD OF THE INVENTION

The present invention relates to the treatment of disorders associated with the activity of
cystic fibrosis transmembrane conductance regulator (CFTR), for instance cystic fibrosis

(CF).
BACKGROUND OF THE INVENTION

CFTR controls transmembrane conductance and CI~ secretion in epithelial cells. It thus
controls the movement of fluids across membranes. Deficient CFTR activity can lead to

insufficient fluids in the airways or other organs, which is undesirable.

Several diseases are associated with malfunctions of CFTR, most importantly cystic fibrosis.
Cystic fibrosis is the most common fatal genetic disorder in humans of European inheritance,
and it is estimated that between 1 in 2000 and 1 in 3000 newborns in the European Union are

affected by CF.

RPL554 (9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-
3,4,6,7-tetrahydro-2H-pyrimido[6, 1-aJisoquinolin-4-one) is a dual PDE3/PDE4 inhibitor and
is described in WO 00/58308. As a combined PDE3/PDE4 inhibitor, RPL554 is known to
have both anti-inflammatory and bronchedilator activity. WO 00/58308 suggests the use of a
number of compounds, including RPL554, as anti-inflammatory drugs to treat the symptoms

of a number of diseases, including CF.

Although anti-inflammatory drugs are often useful in treating the symptoms of some
conditions mediated by CFTR malfunction, there remains a medical need for treatments that
are able to address the underlying etiology of such conditions, by modulating the activity of
CFTR. In this regard, a number of disease-modifying cystic fibrosis drugs are under

development. An example is ivacaftor (VX770), which is disclosed in WO 2011/0722241.

Disease-modifying cystic fibrosis drugs are a different drug category to anti-inflammatories.
Further, PDE3/PDE4 inhibition is not necessarily associated with successful activation of
CFTR. For example the PDE4 (phosphodiesterase 4) inhibitor roflumilast was found to have
no effect on CI” secretion in T84 human colonic cells (Liu et al., JPET, (2005), 314:846—
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854). No effect on CI” secretion has been observed for milrinone (a PDE 3 inhibitor)
following nasal administration to subjects with wild type (WT) CFTR, CFTR with the AF508
mutation, or CFTR with the G551D mutation (Smith ez al., Am. J. Respir. Cell Mol. Biol.
(1999), 20:129-134). Rolipram and Ro 20-1724 (both PDE 4 inhibitors) were found to have
no effect on WT CFTR in CHO cells (Chappe ef al., British Journal of Pharmacology,
(1998), 123:683—-693).

Where drugs are found to activate CFTR, they often cause diarthoea as a side effect that

results from increased transport of fluids into the colon.
SUMMARY OF THE INVENTION

It is a surprising finding of the present invention that RPL554 is active in modulating CFTR
activity. RPL554 has been found to activate CFTR in primary human bronchial epithelial
cells and also CFBE (immortalised CF human bronchial epithelial cell line) monolayers
stably expressing WT CFTR. Furthermore, RPL554 does not have the side effect of diarrhoea

commonly associated with other drugs active at CFTR.

It is also a finding of the invention that RPL554 can interact synergistically with leukotriene

receptor antagonists to activate CFTR, increasing CI~ current.

RPL554 is therefore active as a disease modifying agent for treating cystic fibrosis, and other

diseases mediated by CFTR malfunction.

Accordingly, the present invention provides a compound for use in treating or preventing a
disease or condition selected from cystic fibrosis, chronic obstructive pulmonary disease
(COPD), asthma, mild pulmonary disease, bronchitis, bronchiectasis, idiopathic
bronchiectasis, allergic bronchopulmonary aspergillosis, sinusitis, thinosinusitis, CFTR-
related metabolic syndrome (CRMS), pancreatitis, idiopathic chronic pancreatitis and
Sjorgren’s syndrome, or for use in preventing male infertility caused by congenital absence of
the vas deferens, in a patient by modulating CFTR activity, which compound is 9,10-
dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-
tetrahydro-2H-pyrimido[6,1-a]isoquinolin-4-one or a pharmaceutically acceptable acid

addition salt thereof. Preferably, the compound is for use as described herein in treating or

preventing cystic fibrosis by modulating CFTR activity.
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Patients with cystic fibrosis have deficient fluid transfer to the airways, which leads to
viscous mucous, which is undesirable. The present invention therefore also provides a
compound for use in increasing mucous mobility and/or reducing mucous viscosity, or for
use in facilitating mucous membrane clearance from the airways, in a patient suffering from
cystic fibrosis, which compound is 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a

pharmaceutically acceptable acid addition salt thereof.

The invention also provides a composition comprising (i) 9,10-dimethoxy-2-(2,4,6-
trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6,1-
alisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof and (ii) a

leukotriene receptor antagonist.

The invention also provides a composition comprising (i) 9,10-dimethoxy-2-(2,4,6-
trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6,1-
alisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof and (ii) a

CFTR potentiator or a CFTR corrector.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the results of tests for activation of wild type (WT) CFTR in cystic fibrosis
bronchial epithelial (CFBE) cell monolayers in Ussing chambers by RPL554 and forskolin.

Figure 2 shows timecourses for activation of WT CFTR in CFBE cell monolayers by
RPL554, genistein, and forskolin.

Figure 3 shows timecourses for activation of WT CFTR in primary human bronchial

epithelial (HBE) cells.

Figure 4 shows forskolin (Fsk) concentration-response for CFTR current in Chinese hamster

ovary (CHO) cells.
Figure 5 shows sensitivity of CFTR in CHO cells to the CFTR inhibitor Inh-172.
Figure 6 shows concentration dependence of RPL554 as an enhancer of CFTR in CHO cells.

Figure 7 shows the timecourse of CFTR activation by RPL554 and inhibition by Inh-172.
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Figure 8 shows comparison of RPL554 and VX770 effects on WT CFTR in CHO cells

during sub-maximal forskolin stimulation.

Figure 9 shows potentiator activity results for RPL554 in CFBE cells expressing AFS08
CFTR.

Figure 10 shows enhancement of WT CFTR in CFBE WT cells after 1 uM forskolin.

Figure 11 shows timecourses for RPL554 enhancement of WT-CFTR in CFBE WT cells

after stimulation with forskolin.

Figure 12 shows stimulation of CI” currents by MRP4 inhibitor (MK571) in low temperature
corrected CFBE AF508-CFTR cells.

Figure 13 shows activation by RPL554 of CI™ currents by RPL554 in low temperature
corrected CFBE AFS508-CFTR cells.

Figure 14 shows results for MK571 (MRP4inh) + stimulation for DMSO, RPL554 and
IBMX.

Figure 15 shows results after MK 571 (MRP4inh) pre-treatment for DMSO, RPL554 and
IBMX.

Figure 16 shows timecourses for activation and enhancement of CFTR in HBE cells from a

AF508/R117H patient.

Figure 17 shows the comparison of total activation of CFTR in HBE cells from a
AF508/R117H patient with treatment with RPL554 and VX770 (Ivacaftor) following a

control, adenosine and forskolin at low and high concentrations.

Figure 18 shows the effect on measured Isc of RPL554 alone (“control”) or in combination

with Lumacaftor (“Lumacaftor”) following forskolin stimulation.

Figure 19 shows a timecourse for RPL554 enhancement of CFTR in HBE cells after

stimulation with forskolin.
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DETAILED DESCRIPTION OF THE INVENTION
RPL554

9,10-Dimethoxy-2-(2,4,6-trimethyl phenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-
tetrahydro-2H-pyrimido[6,1-a]isoquinolin-4-one may be referred to as RPL554. RPL554

has the following structure:

Ie) SN \\:// L
PN
\\\'/N
M

Systematic names for RPL554 include 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-aJisoquinolin-4-one and N-{2-
[(2E)-2-(mesitylimino)-9,10-dimethoxy-4-ox0-6,7-dihydro-2H-pyrimido[6, 1-a]-isoquinolin-
3(4H)-yl]ethyl }urea.

The compound used in the treatment of the invention may be RPL554 or a pharmaceutically
acceptable acid addition salt thereof. A pharmaceutically acceptable acid addition salt is a

salt with a pharmaceutically acceptable acid.

For the avoidance of doubt, RPL5545 can, if desired, be used in the form of a solvate.

Further, for the avoidance of doubt, the RPL554 may be used in any tautomeric form.
Diseases and Conditions

RPL554 can activate, potentiate and enhance CFTR. RPL554 can therefore treat diseases and
conditions by modulating CFTR activity. CFTR is expressed in a number of cell types and
particularly in epithelial cells. A function of CFTR is to provide a chloride channel across the
membrane of cells that produce mucus, sweat, saliva and tears. These channels are vital for
the function of several organs, including the lungs, pancreas and digestive system. Many
diseases and conditions are associated with the function of CFTR. In particular, this includes
cystic fibrosis, pancreatic disorders (for instance, idiopathic pancreatitis) and male infertility

caused by congenital absence of the vas deferens.
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Activity of the CFTR protein has been associated with problems affecting the digestive and
respiratory systems in addition to those conditions described above. Typically, RPL554 may
be used to treat conditions associated with CFTR function by modulating CFTR activity.

Such conditions are well known.

Diseases or conditions which may be treated or prevented are typically selected from cystic
fibrosis, chronic obstructive pulmonary disease (COPD), asthma, mild pulmonary disease,
bronchitis, bronchiectasis, idiopathic bronchiectasis, allergic bronchopulmonary
aspergillosis, sinusitis, rhinosinusitis, CFTR-related metabolic syndrome (CRMS),
pancreatitis, idiopathic chronic pancreatitis and Sjorgren’s syndrome, or the disease or
condition which may be prevented is male infertility caused by congenital absence of the vas
deferens. For instance, the disease or condition may be cystic fibrosis, chronic obstructive
pulmonary disease (COPD), mild asthma, severe asthma, mild pulmonary disease, chronic
bronchitis, chronic bronchiectasis, idiopathic chronic bronchiectasis, allergic
bronchopulmonary aspergillosis, chronic sinusitis, chronic rhinosinusitis, CFTR-related
metabolic syndrome (CRMS), acute pancreatitis, chronic pancreatitis, idiopathic acute
pancreatitis, idiopathic chronic pancreatitis, Sjorgren’s syndrome or male infertility caused by

congenital absence of the vas deferens.

Preferably, the disease or condition is cystic fibrosis, chronic obstructive pulmonary disease
(COPD), bronchitis, bronchiectasis, idiopathic bronchiectasis, allergic bronchopulmonary
aspergillosis, sinusitis, rhinosinusitis, CFTR-related metabolic syndrome (CRMS),
pancreatitis or idiopathic chronic pancreatitis. More preferably, the disease of condition is
cystic fibrosis, chronic obstructive pulmonary disease (COPD), allergic bronchopulmonary
aspergillosis, sinusitis, rhinosinusitis, CFTR-related metabolic syndrome (CRMS) or

idiopathic chronic pancreatitis. Most preferably the disease or condition is cystic fibrosis.

In a preferred embodiment, the invention provides RPL554 for use in treating or preventing
cystic fibrosis by modulating CFTR activity, in particular for use in treating cystic fibrosis by

modulating CFTR.

Preferably, modulating CFTR activity comprises activating CFTR, potentiating CFTR or
enhancing CFTR. More preferably, modulating CFTR activity comprises activating CFTR.
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The compound may be for use in increasing mucous mobility or reducing mucous viscosity,
in a patient suffering from cystic fibrosis. The compound may be for use in facilitating

mucous membrane clearance from the airways, in a patient suffering from cystic fibrosis.
Patients

RPL554 can modulate activity of wild type CFTR or mutant CFTR. Typically, the patient
has a CFTR mutation. A large number of CFTR mutations have been detected in individuals
suffering from CF and other CFTR-related disorders. Examples of common mutations
include F508del (AF508), G542X, G551D, N1303K, W1282X, R117H, R553X, P537H,
GS85E, 1717-1G->A, 621+1G->T, 2789+5G->A, 3849+10kbC->T, R1162X, G85E,
3120+1G->A, 1507del (AI507), 1898+1G->A, 1898+5G->T, 3659delC, R347P, R560T,
R334W, A455E, 2184del A, 3898insC, 3120+1kbdel8.6kb, and 711+1G->T. Such mutations
may be classed by their effect. There are 6 classes of CFTR mutations. Typically the CFTR
mutation is a class III or class IV mutation. For instance the mutation may be a gating
mutation. A gating mutation is a mutation which decreases the opening of the channel in
CFTR proteins in the membrane. The CFTR mutation may be AF508, R117H, G542X,
GS551D, N1303K or W1282X. Preferably, the CFTR mutation is AFS08, R117H or G551D,
for instance AF508. For example, the patient may have the AF508 mutation or the R117H
mutation, or both the AF508 and R117H mutations.

RPL554 has been shown to be particularly effective at modulating the R117H mutation in
CFTR which causes conductance and gating abnormalities. CFTR mutations that cause
defects in gating may be classified as class III mutations Examples of class III mutations
include G551D, G178R, G5518, S549N and G1349D. CFTR mutations that result in defects
in conductance are classified as class IV mutations. Examples of class IV mutations include
R117H, R347P, R117C and R334W. Thus, the patient may have a CFTR mutation selected
from G551D, G178R, G5518, S549N, G1349D, R117H, R117C, R347P and R334W. These
are examples of CFTR gating mutations. Typically, the patient has a CFTR mutation which
is R117H or G551D.

Other mutations of CFTR are classified as class I, class II, class V and class VI CFTR
mutations. For class I mutations, no CFTR is produced. Examples of class I mutations
include G542X, W1282X, R553X and 621+1G>T. For patients having a class I CFTR

mutation, there is a defect in trafficking of the CFTR protein to the plasma membrane.
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Examples of class 11 mutations include F508del (AF508), N1303K, I507del (AI507) and
RS60T. For class V mutations, the synthesis of CFTR is reduced. Examples of class V
mutations include 3849+10kbC—>T, 2789+5G> A, 3120+1G>A and 5T. For patients
having a class VI CFTR mutation, there is a decrease in the stability of the CFTR protein
produced. Examples of class VI mutations include 4326delTC, Q1412X and 4279%insA.

The patient may have a homozygous or heterozygous CFTR mutation. Often, the patient is
homozygous or heterozygous with a class III or class IV mutation. Typically the patient is
homozygous with two copies of a class III or class IV mutation or heterozygous with a copy

of a class IIT or class I'V mutation and a copy of a class I, 11, V or VI mutation.

The patient may be class ITl/class I heterozygous, class I'V/class I heterozygous, class ITI/class
IT heterozygous, class IV/class II heterozygous, class I1l/class V heterozygous, class IV/class
V heterozygous, class I1I/class VI heterozygous or class IV/class VI heterozygous, where
class X/class Y heterozygous means that one allele carries a class X CFTR mutation and the
other allele carries a class Y mutation. For example, the patient may be heterozygous with
one allele displaying the R117H CFTR mutation and the other allele displaying the AF508
CFTR mutation. Alternatively, the patient may be heterozygous with one allele displaying
the G551D CFTR mutation and the other allele displaying the AF508 CFTR mutation.

As mentioned above, a side effect observed with the use of some drugs active in modulating
CFTR is diarrhoea. Diarrhoea is an unpleasant side effect which can limit the use of a drug

in treating a disease or condition as a patient may be unwilling or unable to take the drug in

view of this side effect. This is particularly the case for patients who are already suffering

from or susceptible to diarrhoea.

Clinical studies show that RPL554 does not cause diarrthoea in patients. Accordingly,
RPLS554 may be used to treat a patient who is susceptible to, or suffering from, diarrhoea.
Susceptibility to diarrhoea may be due to one of a number of causes, for instance an inherited
susceptibility to diarrhoea, susceptibility to diarrhoea due to environmental factors, or a
susceptibility to diarrhoea caused by a pre-existing condition. A pre-existing condition of

this type is typically a condition of the digestive system.

Typically, said patient suffering from or susceptible to diarrhoea is a patient suffering from
ulcerative colitis, Crohn's disease, microscopic colitis, celiac disease, irritable bowel

syndrome, bile acid malabsorption, or diverticulitis. Diarrhoea may be caused by a number
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of conditions such as viral infections, bacterial infections, ulcerative colitis, Crohn's disease,
microscopic colitis, celiac disease, irritable bowel syndrome, bile acid malabsorption,

diverticulitis or allergies.
Pharmaceutical composition

RPL554 may be present in a pharmaceutical composition. Typically, the pharmaceutical
composition may comprise RPL554 and one or more pharmaceutically acceptable carriers,

diluents or excipients. The pharmaceutical composition may be as described below.

Pharmaceutical compositions may be administered to the subject by any acceptable route of
administration including, but not limited to, inhaled, oral, nasal, topical (including
transdermal) and parenteral modes of administration. Administration by inhalation is
preferred. Further, the compositions of the invention may be administered in multiple doses
per day, in a single daily dose or a single weekly dose. It will be understood that any form of
the active agents used in the composition of the invention, (i.e. free base, pharmaceutically
acceptable salt, solvate, etc.) that is suitable for the particular mode of administration can be

used in the pharmaceutical compositions discussed herein.

The pharmaceutical compositions of this invention typically contain a therapeutically
effective amount of an active agent. Those skilled in the art will recognize, however, that a
pharmaceutical composition may contain more than a therapeutically effective amount, i.e.,
bulk compositions, or less than a therapeutically effective amount, i.e., individual unit doses
designed for multiple administration to achieve a therapeutically effective amount. In one
embodiment, the composition will contain from about 0.01-95 wt % of active agent,
including, from about 0.01-30 wt %, such as from about 0.01-10 wt %, with the actual
amount depending upon the formulation itself, the route of administration, the frequency of
dosing, and so forth. In another embodiment, a composition suitable for inhalation, for
example, comprises from about 0.01-30 wt % or active agent with yet another embodiment

comprises from about 0.01-10 wt % active agent.

Any conventional carrier or excipient may be used in the pharmaceutical compositions of the
invention. The choice of a particular carrier or excipient, or combinations of carriers or
excipients, will depend on the mode of administration being used to treat a particular subject
or type of medical condition or disease state. In this regard, the preparation of a suitable

composition for a particular mode of administration is well within the scope of those skilled
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in the pharmaceutical arts. Additionally, carriers or excipients used in such compositions are
commercially available. By way of further illustration, conventional formulation techniques
are described in Remington: The Science and Practice of Pharmacy, 20® Edition, Lippincott
Williams & White, Baltimore, Md. (2000); and H. C. Ansel et al., Pharmaceutical Dosage
Forms and Drug Delivery Systems, 7" Edition, Lippincott Williams & White, Baltimore, Md.
(1999).

Representative examples of materials which can serve as pharmaceutically acceptable carriers
include, but are not limited to, the following: sugars, such as lactose, glucose and sucrose;
starches, such as corn starch and potato starch; cellulose, such as microcrystalline cellulose,
and its derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and
suppository waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil,
corn oil and soybean oil; glycols, such as propylene glycol; polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar;
butfering agents, such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; phosphate butfer
solutions; compressed propellant gases, such as chlorofluorocarbons and hydrofluorocarbons;
and other non-toxic compatible substances employed in pharmaceutical compositions.
Pharmaceutical compositions are typically prepared by thoroughly and intimately mixing or
blending the active agent / active ingredient with a pharmaceutically acceptable carrier and
one or more optional ingredients. The resulting uniformly blended mixture may then be
shaped or loaded into tablets, capsules, pills, canisters, cartridges, dispensers and the like

using conventional procedures and equipment.

Typically, the pharmaceutical compositions are suitable for inhaled administration. The
pharmaceutical composition may be for administration by nebulizer, dry powder inhaler

(DPI) or metered-dose inhaler (MDI).

Suitable compositions for inhaled administration will typically be in the form of an aerosol or
a powder, for instance a dry powder composition. Such compositions are generally
administered using well-known delivery devices, such as a nebulizer inhaler, a dry powder

inhaler, or a metered-dose inhaler, examples of which are described below.
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Alternatively, a composition comprising the active agent(s) / active ingredient(s) may be
administered by inhalation using a nebulizer inhaler. Such nebulizer devices typically
produce a stream of high velocity air that causes the composition to spray as a mist that is
carried into a subject's respiratory tract. Accordingly, when formulated for use in a nebulizer
inhaler, the active agent(s) / active ingredient(s) is typically dissolved in a suitable carrier to
form a solution. Alternatively, the active agent(s) / active ingredient(s) can be micronized and
combined with a suitable carrier to form a suspension of micronized particles of respirable
size, where micronized is typically defined as having particles in which at least about 90
percent of the particles have a mass median diameter of less than about 10 um. The term
"mass median diameter" means the diameter such that half the mass of the particles is
contained in particles with larger diameter and half is contained in particles with smaller

diameter.

Suitable nebulizer devices include the Respimat®™ Soft Mist™ Inhaler (Boehringer
Ingelheim), the AERx®™ Pulmonary Delivery System (Aradigm Corp.), and the PARILC
Plus Reusable Nebulizer (Pari GmbH). An exemplary composition for use in a nebulizer
inhaler comprises an isotonic aqueous solution comprising from about 0.05 pg/mL to about
10 mg/mL of RPL554 or a pharmaceutically acceptable acid addition salt thereof. In one

embodiment, such a solution has a pH of about 3.5 to 6.0.

Alternatively, a composition comprising the active agent(s) / active ingredient(s) may be
administered by inhalation using a dry powder inhaler (DPI). Such DPIs typically administer
the active agent as a free-flowing powder that is dispersed in a subject's air-stream during
inspiration. In order to achieve a free flowing powder, the active agent(s) / active
ingredient(s) is typically formulated with a suitable excipient such as lactose, starch,
mannitol, dextrose, polylactic acid, polylactide-co-glycolide, and combinations thereof.
Typically, the active agent(s) / active ingredient(s) is micronized and combined with an
excipient to form a blend suitable for inhalation. Accordingly, in one embodiment of the
invention, the active agent(s) / active ingredient(s) is in micronized form. For example, a
representative composition for use in a DPI comprises dry lactose having a particle size
between about 1 um and about 100 um (e.g., dry milled lactose) and micronized particles of
the active agent. Such a dry powder formulation can be made, for example, by combining
lactose with the active agent and then dry blending the components. Alternatively, if desired,

the active agent can be formulated without an excipient. The composition is then typically
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loaded into a DPL, or into inhalation cartridges or capsules for use with a DPL. DPIs are well
known to those of ordinary skill in the art, and many such devices are commercially
available, with representative devices including Aerolizer®™ (Novartis), Airmax™ (IVAX),
ClickHaler®™ (Innovata Biomed), Diskhaler®™ (GlaxoSmithKline), Diskus®™ or
Accuhaler (GlaxoSmithKline), Easyhaler®™ (Orion Pharma), Eclipse™ (Aventis),
FlowCaps®™ (Hovione), Handihaler®™ (Boehringer Ingelheim), Pulvinal®™ (Chiesi),
Rotahaler®™ (GlaxoSmithKline), SkyeHaler'™™ or Certihaler™ (SkyePharma), Twisthaler
(Schering-Plough), Turbuhaler®™ (AstraZeneca), Ultrahaler®™ (Aventis), and the like.

Alternatively, the composition comprising the active agent may be administered by inhalation
using a metered-dose inhaler (MDI). Such MDIs typically discharge a measured amount of
the active agent using compressed propellant gas. Metered-dose formulations thus typically
comprise a solution or suspension of the active agent in a liquefied propellant, such as a
chlorofluorocarbon such as CCI5F or a hydrofluoroalkane (HFA) such as 1,1,1,2-
tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane (HF A 227), although
HF As are generally preferred due to concerns about chlorofluorocarbons affecting the ozone
layer. Additional optional components of HFA formulations include co-solvents, such as
ethanol or pentane, and surfactants, such as sorbitan trioleate, oleic acid, lecithin, and
glycerin. See, for example, U.S. Pat. No. 5,225,183 to Purewal et al., EP 0717987 A2
(Minnesota Mining and Manufacturing Company), and WO 92/22286 (Minnesota Mining
and Manufacturing Company). A representative composition for use in an MDI comprises
from about 0.01-5 wt % of active agent; from about 0-20 wt % ethanol; and from about 0-5
wt % surfactant; with the remainder being an HFA propellant. Such compositions are
typically prepared by adding a chilled or pressurized hydrofluoroalkane to a suitable
container containing the active agent, ethanol (if present) and the surfactant (if present). To
prepare a suspension, the active agent is micronized and then combined with the propellant.
The formulation is then loaded into an aerosol canister, which forms a portion of the MDI.
MDIs are well known to those of ordinary skill in the art, and many such devices are
commercially available, with representative devices including AeroBid Inhaler System
(Forest Pharmaceuticals), Atrovent Inhalation Aerosol (Boehringer Ingelheim), Flovent®?™
(GlaxoSmithKline), Maxair Inhaler (3M), Proventil®™ Inhaler (Schering), Serevent®™
Inhalation Aerosol (GlaxoSmithKline), and the like. Alternatively, a suspension formulation

can be prepared by spray drying a coating of surfactant on micronized particles of the active
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agent. See, for example, WO 99/53901 (Glaxo Group Ltd.) and WO 00/61108 (Glaxo Group
Ltd.).

Additional examples of processes of preparing respirable particles, and formulations and
devices suitable for inhalation dosing are described in U.S. Pat. Nos. 5,874,063 to Briggner et
al.; 5,983,956 to Trofast; 6,221,398 to Jakupovic et al.; 6,268,533 to Gao et al.; 6,475,524 to

R |

Bisrat et al.; and 6,613,307 to Cooper.

Alternatively, the pharmaceutical compositions may be suitable for oral administration.
Suitable compositions for oral administration may be in the form of capsules, tablets, pills,
lozenges, cachets, dragees, powders, granules; solutions or suspensions in an aqueous Or non-
aqueous liquid, oil-in-water or water-in-oil liquid emulsions; elixirs or syrups; and the like;

each containing a predetermined amount of the active agent.

When intended for oral administration in a solid dosage form (i.e., as capsules, tablets, pills
and the like), the composition will typically comprise the active agent and one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate. Solid
dosage forms may also comprise: fillers or extenders, such as starches, microcrystalline
cellulose, lactose, sucrose, glucose, mannitol, and/or silicic acid; binders, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate; solution
retarding agents, such as paraffin; absorption accelerators, such as quaternary ammonium
compounds; wetting agents, such as cetyl alcohol and/or glycerol monostearate; absorbents,
such as kaolin and/or bentonite clay; lubricants, such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures thereof; coloring

agents; and buffering agents.

Release agents, wetting agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants may also be present in the pharmaceutical compositions.
Exemplary coating agents for tablets, capsules, pills and like, include those used for enteric
coatings, such as cellulose acetate phthalate, polyvinyl acetate phthalate, hydroxypropyl
methylcellulose phthalate, methacrylic acid-methacrylic acid ester copolymers, cellulose
acetate trimellitate, carboxymethyl ethyl cellulose, hydroxypropyl methyl cellulose acetate

succinate, and the like. Examples of pharmaceutically acceptable antioxidants include: water-
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soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfate sodium sulfite and the like; oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole, butylated hydroxytoluene, lecithin, propyl gallate, alpha-
tocopherol, and the like; and metal-chelating agents, such as citric acid, ethylenediamine

tetraacetic acid, sorbitol, tartaric acid, phosphoric acid, and the like.

Compositions may also be formulated to provide slow or controlled release of the active
agent using, by way of example, hydroxypropyl methyl cellulose in varying proportions or
other polymer matrices, liposomes and/or microspheres. In addition, the pharmaceutical
compositions of the invention may contain opacifying agents and may be formulated so that
they release the active agent only, or preferentially, in a certain portion of the gastrointestinal
tract, optionally, in a delayed manner. Examples of embedding compositions that can be used
include polymeric substances and waxes. The active agent can also be in micro-encapsulated
form, if appropriate, with one or more of the above-described excipients.

Suitable liquid dosage forms for oral administration include, by way of illustration,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. Liquid dosage forms typically comprise the active agent and an inert diluent, such as,
for example, water or other solvents, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (e.g., cottonseed, groundnut, corn, germ, olive,
castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid
esters of sorbitan, and mixtures thereof. Suspensions may contain suspending agents such as,
for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminium metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.

When intended for oral administration, the pharmaceutical compositions of the invention may
be packaged in a unit dosage form. The term "unit dosage form" refers to a physically
discrete unit suitable for dosing a subject, i.e., each unit containing a predetermined quantity
of the active agents calculated to produce the desired therapeutic effect either alone or in
combination with one or more additional units. For example, such unit dosage forms may be

capsules, tablets, pills, and the like.

Compositions of the invention can also be administered parenterally (e.g., by subcutaneous,

intravenous, intramuscular, or intraperitoneal injection). For such administration, the active
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agents are provided in a sterile solution, suspension, or emulsion. Exemplary solvents for
preparing such formulations include water, saline, low molecular weight alcohols such as
propylene glycol, polyethylene glycol, oils, gelatin, fatty acid esters such as ethyl oleate, and
the like. A typical parenteral formulation is a sterile pH 4-7 aqueous solution of the active
agents. Parenteral formulations may also contain one or more solubilizers, stabilizers,
preservatives, wetting agents, emulsifiers, and dispersing agents. These formulations may be
rendered sterile by use of a sterile injectable medium, a sterilizing agent, filtration,

irradiation, or heat.

Compositions of the invention can also be administered transdermally using known
transdermal delivery systems and excipients. For example, the active agents can be admixed
with permeation enhancers, such as propylene glycol, polyethylene glycol monolaurate,
azacycloalkan-2-ones and the like, and incorporated into a patch or similar delivery system.
Additional excipients including gelling agents, emulsifiers and buffers, may be used in such

transdermal compositions if desired.
Dosage

A therapeutically effective amount of a compound as described herein is administered to a
patient. In the treatments according to the invention, RPL554 or the pharmaceutically
acceptable acid addition salt thereof may be provided in any suitable dosage. A typical dose
is from 0.1 pg to 100 mg according to the activity of the specific compound, the age, weight
and conditions of the subject to be treated, the type and severity of the disease and the
frequency and route of administration. The amount of RPL554 present in a single dose may
be from 1 pg to 50 mg, from 1 pgto 10 mg, from 1 pgto 1 mg, from 1 pg to 500 pg, from 1
pg to 100 pg or from 1 pg to SO pg (i.e. 0.001 mg to 0.050 mg). Alternatively, the amount of
RPL554 present in a single dose may be from 1 pg to 50 mg, from 10 pg to 50 mg, from 100
ug to 50 mg or from 250 ug to 50 mg. The dose of RPL554 may be from 1 ug/kg to 500
ug/kg, or from 50 ug/kg to 250 pg/kg (kg as weight of patient). A dose may be administered
as often as required. This may be as and when a dose is required, or may follow a routine
such as three or more times daily, twice daily, once daily, three or more times weekly, twice

weekly, or once weekly.

Preferably, the active agent for modulating CFTR is administered by inhalation.
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Treatment with an active compound as described herein typically comprises administering a

therapeutically effective amount of the active compound(s).
Combination

It is a finding of the invention that RPL554 and leukotriene receptor antagonists have an
additive or synergistic effect in activating CFTR. Combinations of drugs in which active
ingredients operate via different physiological pathways and yet achieve an additive or
synergistic activity are particularly useful. Frequently, the therapeutic advantage arises
because the combination can achieve a therapeutically useful effect using lower
concentrations of each active component. This enables the side-effects of the medication to
be minimised. Thus, the combination can be formulated so that each active ingredient is
present at a concentration which is subclinical in cells other than the target disease cells. The
combination is nevertheless therapeutically effective in target cells that respond to both

ingredients.

The invention therefore provides a composition comprising RPL554 and a leukotriene
receptor antagonist. The leukotriene receptor antagonist is typically a leukotriene D4
receptor antagonist. Preferably, the leukotriene receptor antagonist is a multidrug resistance-

associated protein 4 (MRP4) inhibitor.

The leukotriene receptor antagonist may be MK-571, MK-886, montelukast, zafirlukast or

pranlukast.

The composition comprising the two active ingredients as defined herein may be a
pharmaceutical composition. The composition may further comprise one or more
pharmaceutically acceptable carriers, diluents or excipients. The one or more
pharmaceutically acceptable carriers, diluents or excipients may be as defined herein. The
composition may be administered as described herein. For instance, the composition may be

administered by inhalation.

The two active ingredients may be in fixed or free combination. Preferably, the two active

ingredients are in fixed combination. For instance, they may be intermixed.
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The invention provides a composition as defined herein for use in treating or preventing a
disease or condition as defined herein in a patient as defined herein by modulating CFTR

activity.

The invention provides use of 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof in the manufacture of a medicament for
use in treating or preventing a disease or condition as defined herein in a patient as defined
herein by modulating CFTR activity in combination with a leukotriene receptor antagonist as

defined herein.

The invention provides use of a leukotriene receptor antagonist as defined herein in the
manufacture of a medicament for use in treating or preventing a disease or condition as
defined herein in a patient as defined herein by modulating CFTR activity in combination
with 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-
tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a pharmaceutically acceptable acid

addition salt thereof.

The dose of cach of the active ingredients may independently as described above for
RPL554. The combination of the two active ingredients, or each ingredient alone, may be

administered by inhalation as defined herein.

It is also a finding of the invention that (i) RPL554 and (i1) a CFTR potentiator or CFTR
corrector have an additive or synergistic effect in activating or potentiating CFTR. The
invention thus provides a composition comprising RP1.554 or a pharmaceutically acceptable
acid addition salt thereof and a CFTR potentiator. The invention also provides a composition
comprising RPL554 or a pharmaceutically acceptable acid addition salt thereof and a CFTR

corrector.

The composition comprising the two active ingredients as defined herein may be a
pharmaceutical composition. The composition may further comprise one or more
pharmaceutically acceptable carriers, diluents or excipients. The one or more
pharmaceutically acceptable carriers, diluents or excipients may be as defined herein. The
composition may be administered as described herein. For instance, the composition may be

administered by inhalation.
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The two active ingredients may be in fixed or free combination. Preferably, the two active

ingredients are in fixed combination. For instance, they may be intermixed.

The CFTR potentiator may be any suitable CFTR potentiator. For instance, the CFTR
potentiator may be VX770 (Ivacaftor), QBW251, NPPB (5-nitro-2-(3-phenylpropylamino)-
benzoate), VRT532 (4-methyl-2-(5-phenyl-1H-pyrazol-3-yl)phenol), PG-01 (N-methyl-N-[2-
[[4-(1-Methylethyl)phenylJamino]-2-1H-indole-3-acetamide), or a pharmaceutically
acceptable acid addition salt of one of these compounds. VX-770 or a pharmaceutically
acceptable acid addition salt thereof is preferred. The known drug VX-770 (Ivacaftor,

Kalydeco®) is approved for the treatment of cystic fibrosis in patients with the G551D

mutation and has the structure

OH

Iz

and formula N-(2,4-di-tert-butyl-5-hydroxyphenyl)-4-oxo-1,4-dihydroquinoline-3-

carboxamide.

The CFTR corrector may be any suitable CFTR corrector or any pharmaceutically acceptable
acid addition salt thereof. For instance, the CFTR corrector is typically VX809 (Lumacaftor,
3-{6-{[1-(2,2-Difluoro-1,3-benzodioxol-5-yl)cyclopropanecarbonylJamino } -3-
methylpyridin-2-yl }benzoic acid), VX661 (1-(2,2-difluoro-1,3-benzodioxol-5-yl)-N-[1-
[(2R)-2,3-dihydroxypropyl]-6-fluoro-2-(2-hydroxy-1,1-dimethylethyl)-1H-indol-5-y1]-
cyclopropanecarboxamide), Corr-4a (N-{2-[(5-chloro-2-methoxyphenyl)amino]-4'-methyl-
4,5'-bi-1,3-thiazol-2'-yl }benzamide), VRT532 (4-methyl-2-(5-phenyl-1H-pyrazol-3-
yl)phenol) or a pharmaceutically acceptable acid addition salt of one of these compounds.

Lumacaftor or a pharmaceutically acceptable acid addition salt thereof is preferred.

The invention therefore provides a composition comprising (1) RPL554 or a pharmaceutically
acceptable acid addition salt thereof and (ii) a CFTR potentiator or a CFTR corrector.
Typically, component (ii) is a CFTR potentiator.

The invention also provides a product comprising (a) 9,10-dimethoxy-2-(2,4,6-

trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-
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alisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof and (b) a
CFTR potentiator or a CFTR corrector for simultaneous, separate or sequential use in treating
or preventing a disease or condition as defined herein in a patient as defined herein by

modulating CFTR activity.

Typically, the product comprises (a) 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof and (b) N-(2,4-di-tert-butyl-5-
hydroxyphenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide or a pharmaceutically acceptable
acid addition salt thereof for simultaneous, separate or sequential use in treating or preventing
a disease or condition as defined herein in a patient as defined herein by modulating CFTR

activity.

The invention also provides 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof for use in treating or preventing a
disease or condition as defined herein in a patient as defined herein by modulating CFTR

activity in combination with a CFTR potentiator or a CFTR corrector.

The invention also provides a CFTR potentiator or a CFTR corrector for use in treating or
preventing a disease or condition as defined herein in a patient as defined herein by
modulating CFTR activity in combination with 9,10-dimethoxy-2-(2,4,6-
trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-

aJisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof.

The invention also provides use of 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6, 1-a]isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof in the manufacture of a medicament for
use in treating or preventing a disease or condition as defined herein in a patient as defined
herein by modulating CFTR activity in combination with a CFTR potentiator or a CFTR

corrector.

The invention also provides use of a CFTR potentiator or a CFTR corrector in the
manufacture of a medicament for use in treating or preventing a disease or condition as
defined herein in a patient as defined herein by modulating CFTR activity in combination

with 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-
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tetrahydro-2H-pyrimido[6,1-a]isoquinolin-4-one or a pharmaceutically acceptable acid

addition salt thereof.

The invention also provides a method of treating or preventing a disease or condition as
defined herein in a patient as defined herein by modulating CFTR activity, which method
comprises administering to the patient (a) 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-
(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[6,1-a]isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof and (b) a CFTR potentiator or a CFTR

corrector.

The patient to be treated by the combination of RPL554 and a CFTR potentiator or corrector
typically has a CFTR mutation which may be a class III or a class IV CFTR mutation. As
discussed above, RPL554 is particularly effective in modulating the activity of CFTR
resulting from gating or conductance mutations such as class IIT and class IV CFTR
mutations respectively. CFTR potentiators and CFTR correctors can be effective in
correcting or potentiating the activity of CFTR resulting from mutations other than gating and
conductance mutations, for instance class I, II, V or VI mutations as defined above. CFTR
correctors can be particularly effective in correcting the activity of CFTR resulting from class

II CFTR mutations.

Patients suffering from cystic fibrosis and other disorders related to CFTR may be
homozygous or heterozygous carriers of defective CFTR genes. Often, patients suffering
from cystic fibrosis are homozygous carriers of the AF508 mutation. The combination of
RPL554 and a CFTR potentiator or corrector can be particularly effective in treating patients
who are heterozygous carriers of CFTR mutations. In particular, heterozygous patients
having a gating or conductance mutation on one allele and a different (non-gating or non
conductance) CFTR mutation on the other allele can be treated using this combination
because the CFTR corrector corrects the trafficking defects and RPL554 modulates the
activity of defects arising from gating or conductance mutations. For instance, the patient
may be heterozygous with one allele displaying a class III or class IV CFTR mutation and the
other allele displaying a class [1 CFTR mutation. The patient may be class I11/class [
heterozygous, class IV/class I heterozygous, class I1I/class II heterozygous, class [V/class IT
heterozygous, class I1l/class V heterozygous, class I'V/class V heterozygous, class Ill/class VI
heterozygous or class I'V/class VI heterozygous, where class X/class Y heterozygous means

that one allele carries a class X CFTR mutation and the other allele carries a class Y
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mutation. For example, the patient may be heterozygous with one allele displaying the
R117H CFTR mutation and the other allele displaying the AF508 CFTR mutation.
Alternatively, the patient may be heterozygous with one allele displaying the G551D CFTR
mutation and the other allele displaying the AF508 CFTR mutation.

The dose of each of the active ingredients may independently be as described above for
RPL554. The combination of the two active ingredients, or each ingredient alone, may be

administered by inhalation as defined herein.

The following Examples illustrate the invention. They do not however, limit the invention in
any way. In this regard, it is important to understand that the particular assays used in the
Examples section are designed only to provide an indication of activity. There are many
assays available to determine such activity, and a negative result in any one particular assay is

therefore not determinative.
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EXAMPLES
Example 1 - Test of activator activity on WT CFTR in CFBE monolayers

RPL554 was added acutely at three different concentrations (0.1, 1.0, 10 uM) to cystic
fibrosis bronchial epithelial (CFBE) monolayers expressing WT CFTR. DMSO
dimethylsulfoxide) was used as a negative control. Genistein (50 uM) and forskolin (10 uM)
were used as positive controls. The results are shown in Figures 1 and 2 which demonstrate

that RPL554 alone can activate WT CFTR channels in CFBE monolayers.
Example 2 - Test of activator activity on WT CFTR in primary HBE cells

After pretreatment with 100 nM amiloride to inhibit ENaC currents, RPL554 or forskolin (10
uM; apical) was added, followed sequentially by genistein ( 50 uM; apical), CFTRinh-172
and ATP (100 uM). The results are shown in Figure 3 which demonstrate that RPL554 alone
can activate WT CFTR channels in highly differentiated primary HBE monolayers.

Example 3 - RPL554 tested as an enhancer of WT CFTR in CHO cells using the whole cell

patch clamp technique

A forskolin (Fsk) concentration giving a submaximal response was determined. Forskolin-
stimulated currents were measured at concentrations between 100 nM and 50 uM and fitted

to determine the EC50 (Figure 4). It was then confirmed that the current was due to CFTR.

To determine if the current induced by 2 uM forskolin was indeed carried by CFTR channels,
the sensitivity of the current at +40 mV to the CFTR inhibitor CFTRinh-172 (Inh 172) was

examined (Figure 5).

RPL554’s ability to enhance the response of WT CFTR to 2 uM forskolin in whole cell
patches was then assessed. To examine the effect of RPL554 on CFTR activity during
submaximal stimulation, CHO cells were stimulated with 2 pM forskolin then exposed
acutely to RPL554. The concentration dependence of RPL554 as an enhancer of CFTR is

shown in Figure 6.

The timecourse of CFTR activation by RPL554 and inhibition by Inh 172 (current at +40 mV
normalized to that with 2 uM forskolin) in Figure 7 shows the RPL554 response under these
conditions. The sensitivity to CFTRinh-172 confirms it is mediated by CFTR channels.
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Example 4 - Comparison of the modulation of WT CFTR activity in CHO cells by RPL554
and an approved potentiator (VX770, Kalydeco®)

The effects on WT CFTR in CHO cells during submaximal forskolin stimulation were
compared for RPL554 and VX770 (Figure 8). RPL554 enhances WT CFTR channel activity
CHO cells, and this response is > 50% that of VX770.

Example 5 - Potentiation of CFBE AF508-CFTR cells

CFBE AF508-CFTR cells were incubated at 29°C for 24 hours to partially rescue CFTR.
Cells were stimulated with 10 uM forskolin on apical side and then with RPL554 at 100 nM,
300 nM, 1 uM, 3 uM, and 10 uM, with DMSO used as a control. The results are shown in
Figure 9 which demonstrates that RPL554 potentiates CFBE AF508-CFTR cells.

Example 6 - Enhancement of WT-CFTR activation in CFBE cells by RPL554

CFBE cells were cultured in ALI for one week until they were polarized. Cells were
stimulated apically with forskolin, then with RLP554 and Genestein as shown in Figures 10

and 11. RPL554 acts as an enhancer of WT-CFTR.
Example 7 — RPL554 and a leukotriene receptor antagonist in CFBE AF508-CFTR cells

CFBE AF508-CFTR cells were stimulated with the leukotriene D4 receptor agonist (MRP4
inhibitor) MKS571 (20 uM) and this increased CFTR-dependent Isc by 6-fold (Figure 12) and
enhanced the response to RPL554. This implies there is significant cAMP release from
airway epithelial cells under basal conditions. The results for RPL554 in the absence of
MRP4inh pretreatment are shown in Figure 13. MK571 and RPL554 interact synergistically
when used together (Figure 14). MK571 and RPL554 (3 uM) caused additive increases in
CFTR activity when added sequentially (Figure 15).

These results suggest that RPL554 alone or in combination with leukotriene receptor

antagonists (e.g. MRP4 blockers) may be useful as adjunct therapies in CF.
Example 8§ — RPL554 and VX-770 in HBE cells from a AF508/R117H patient

Primary HBEs from a F508del/R117H patient were grown at the air-liquid interface (ALI)
until well differentiated (4 weeks), then mounted in Ussing chambers with a basolateral-to-

apical CI™ gradient. Monolayers were exposed sequentially to either apical adenosine (10
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uM) or forskolin (1 or 10 uM, bilaterally), then to apical RPL554 (10 uM) and finally VX-

770 (100 nM) as indicated. The results over time for each treatment are shown in Figure 16.
The concentrations of the agents used were as follows: amiloride 100 uM, adenosine 10 uM,
forskolin 1 uM or 10 uM, RPL554 10 pM, VX-770 100 nM, CFTRinh172 10 uM, and ATP

100 uM. The comparison of total activation is shown in Figure 17.

It has been shown that RPL554 causes a significant enhancement of CFTR activation in these
CF mutations under control conditions (with no agonist) and during physiological adenosine
stimulation. The relative effect of RPL554 becomes progressively less with increasing

forskolin concentrations, confirming the PDE inhibition effect of RPL554.
Example 9 — Effect of RPL554 alone and in combination with Lumacaftor

Primary human bronchial epithelial (HBE) cells were obtained from two heterozygous
R117H/AF508 patients (patients 1 and 2). The effect of RPL554 on the HBE cells from each
of these patients was assessed using an Ussing chamber by measuring short circuit current
(Isc) of CFTR-dependent CI™ transport. RPL554 was used with forskolin pre-stimulation,
alone or in combination with the CFTR corrector Lumacaftor. All experiments used 2 uM

torskolin, 10 uM RPL554 and 10 uM Lumacaftor.

The resistance of the HBE cells obtained from patient 1 was approximately 550 Q cm™. The
effect on measured Isc of RPL554 alone (“control”) or in combination with Lumacaftor
(“Lumacaftor”) following forskolin stimulation for HBE cells from patient 1 is shown in

Figure 18. The results shown are the mean response with n = 4.

The resistance of the HBE cells obtained from patient 2 was approximately 850 Q cm™.
Figure 19 shows a timecourse for RPL554 enhancement of CFTR in HBE cells from patient 2

after stimulation with forskolin.
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CLAIMS

1. A compound for use in treating or preventing cystic fibrosis in a patient by
modulating cystic fibrosis transmembrane conductance regulator (CFTR) activity, which
compound is 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-
aminoethyl)-3.4,6,7-tetrahydro-2H-pyrimido|[6,1-alisoquinolin-4-one or a pharmaceutically
acceptable acid addition salt thercof,

wherein the patient has a CFTR mutation selected from the group consisting of class

II CFTR mutations and class IV CFTR mutations.

2. The compound for use according to claim 1, wherein the CFTR mutation is a class IV
CFTR mutation.
3. The compound for use according to claim 1 or claim 2, wherein the CFTR mutation is

selected from the group consisting of AF508, R117H, R117C, R347P and R334W.

4, The compound for use according to claim 3, wherein the CFTR mutation is R117H.

5. The compound for use according to any one of claims 1 to 4, wherein the patient is
heterozygous with (i) one allele displaying a class IV CFTR mutation and (ii) the other allele
displaying a class II CFTR mutation.

6. The compound for use according to any one of claims 1 to 5, wherein the patient is

susceptible to, or suffering from, diarrhoea.

7. The compound for use according to claim 6, wherein the patient is suffering from
ulcerative colitis, Crohn's disease, microscopic colitis, celiac disease, irritable bowel

syndrome, bile acid malabsorption, or diverticulitis.

8. The compound for use according to any one of claims 1 to 7, which compound is

formulated for administration by inhalation.
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9. A compound for use in increasing mucous mobility and/or reducing mucous viscosity,
or for use in facilitating mucous membrane clearance from the airways, in a patient suffering
from cystic fibrosis, which compound is 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-
(N-carbamoyl-2-aminoethyl)-3,4,6,7-tctrahydro-2H-pyrimido[ 6,1-a}isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof,

wherein the patient has a CFTR mutation selected from the group consisting of class

II CFTR mutations and class IV CFTR mutations.

10. A composition comprising (1) 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido| 6, 1-a}isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thereof and (ii) a CFTR potentiator or a CFTR

corrector.

11.  The composition according to claim 10, wherein the CFTR potentiator is Ivacaftor
(VX770, N-(2 4-di-tert-butyl-5-hydroxyphenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide),
QBW251, NPPB (5-nitro-2-(3-phenylpropylamino)-benzoate), VRT532 (4-methyl-2-(5-
phenyl-1H-pyrazol-3-yl)phenol), PG-01(N-methyl-N-[2-[|4-(1-Methylethyl)phenyljamino}-2-
1H-indole-3-acetamide), or a pharmaceutically acceptable acid addition salt thereof or the
CFTR corrector is VX809 (Lumacaftor, 3-{6-{| 1-(2,2-Difluoro-1,3-benzodioxol-5-
yDcyclopropanecarbonyljamino} -3-methylpyridin-2-yl}benzoic acid), VX661 (1-(2,2-
difluoro-1,3-benzodioxol-5-yI)-N-| 1-[(2R)-2,3-dihydroxypropyl]-6-fluoro-2-(2-hydroxy-1,1-
dimethylethyl)-1H-indol-5-yl]-cyclopropanecarboxamide), Corr-4a (N- {2-[(5-chloro-2-
methoxyphenyl)amino}-4'-methyl-4,5'-bi-1,3-thiazol-2'-yl } benzamide), VRT532 (4-methyl-
2-(5-phenyl-1H-pyrazol-3-yl)phenol), or a pharmaceutically acceptable acid addition salt
thereof.

12.  The composition according to claim 10 or claim 11, wherein the CFTR potentiator or
CFTR corrector is N-(2 4-di-tert-butyl-5-hydroxyphenyl)-4-oxo-1,4-dihydroquinoline-3-

carboxamide (Ivacaftor) or a pharmaceutically acceptable acid addition salt thereof.

13.  The composition according to any one of claims 10 to 12 for use in treating or
preventing cystic fibrosis in a patient as defined in any one of claims 1 to 7 by modulating

CFTR activity.
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14. A product comprising (a) 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-
carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido| 6, 1-a}isoquinolin-4-one or a
pharmaceutically acceptable acid addition salt thercof and (b) a CFTR potentiator or a CFTR
corrector as defined in any one of claims 10 to 12 for simultancous, separate or sequential use
in treating or preventing cystic fibrosis in a patient as defined in any one of claims 1 to 7 by

modulating CFTR activity.

15. 9,10-Dimethoxy-2-(2 4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-
3.4,6,7-tetrahydro-2H-pyrimido[ 6, 1 -ajisoquinolin-4-one or a pharmacecutically acceptable
acid addition salt thereof for use in treating or preventing cystic fibrosis in a patient as
defined in any one of claims 1 to 7 by modulating CFTR activity in combination with a

CFTR potentiator or a CFTR corrector as defined in any one of claims 10 to 12.

16. A CFTR potentiator or a CFTR corrector as defined in any one of claims 10 to 12 for
use in treating or preventing cystic fibrosis in a patient as defined in any one of claims 1 to 7
by modulating CFTR activity in combination with 9,10-dimethoxy-2-(2,4,6-

trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahydro-2H-pyrimido[ 6,1 -

alisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof.

17. A use of 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-
aminoethyl)-3.4,6,7-tetrahydro-2H-pyrimido|[6,1-alisoquinolin-4-one or a pharmaceutically
acceptable acid addition salt thereof for preparation of a medicament for treating or
preventing cystic fibrosis in a patient by modulating CFTR activity,

wherein the patient has a CFTR mutation selected from the group consisting of class

II CFTR mutations and class IV CFTR mutations.

18.  The use according to claim 17, wherein the CFTR mutation is a class IV CFTR

mutation.

19.  The use according to claim 17 or claim 18, wherein the CFTR mutation is selected

from the group consisting of AF508, R117H, R117C, R347P and R334W.

20.  The use according to claim 19, wherein the CFTR mutation is R117H.
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21.  The use according to any one of claims 17 to 20, wherein the patient is heterozygous
with (i) one allele displaying a class IV CFTR mutation and (ii) the other allele displaying a
class I CFTR mutation.

22.  The compound for use according to any one of claims 17 to 21, wherein the patient is

susceptible to, or suffering from, diarrhoea.

23.  The use according to claim 22, wherein the patient is suffering from ulcerative colitis,
Crohn's disease, microscopic colitis, celiac disease, irritable bowel syndrome, bile acid

malabsorption, or diverticulitis.

24.  The use according to any one of claims 17 to 23, wherein the 9,10-dimethoxy-2-
(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-aminoethyl)-3,4,6,7-tetrahy dro-2H-
pyrimido[6,1-alisoquinolin-4-one or a pharmaceutically acceptable acid addition salt thereof

is formulated for administration by inhalation.

25. A use of 9,10-dimethoxy-2-(2,4,6-trimethylphenylimino)-3-(N-carbamoyl-2-
aminoethyl)-3.4,6,7-tetrahydro-2H-pyrimido|[6,1-alisoquinolin-4-one or a pharmaceutically
acceptable acid addition salt thereof for preparation of a medicament for increasing mucous
mobility and/or reducing mucous viscosity, or for facilitating mucous membrane clearance
from the airways, in a patient suffering from cystic fibrosis,

wherein the patient has a CFTR mutation selected from the group consisting of class

II CFTR mutations and class IV CFTR mutations.
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