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DESCRIPTION

Description

BACKGROUND OF THE INVENTION

[0001] Cystic fibrosis is an autosomal recessive genetic disease that substantially shortens
lifespan in affected individuals. It occurs in 1 in 3,000 live births, and is caused by mutations in
the CFTR gene encoding cystic fibrosis transmembrane conductance regulator (CFTR), a
membrane-expressed anion channel protein in vertebrates. The disease is most often
characterized by chronic and potentially fatal respiratory infections, and for most patients with
cystic fibrosis, only symptomatic treatments are available. The median survival of patients is
only 33 years.

[0002] CFTR is an ABC transporter-class ion channel that conducts chloride and bicarbonate
ions across epithelial cell membranes. Mutations of the CFTR gene affecting chloride and
bicarbonate ion channel function lead to dysregulation of airway surface liquid (ASL) pH and
epithelial fluid transport in the lung, pancreas and other organs, resulting in cystic fibrosis.
Complications include decreased ASL pH, increased ASL viscosity, decreased ASL
antibacterial activity, thickened mucus in the lungs with frequent respiratory infections, and
pancreatic insufficiency giving rise to malnutrition and diabetes. These conditions lead to
chronic disability and reduced life expectancy. In male patients the progressive obstruction and
destruction of the developing vas deferens and epididymis appear to result from abnormal
intraluminal secretions, causing congenital absence of the vas deferens and male infertility.

[0003] CFTR functions as a cAMP-activated ATP-gated anion channel, increasing the

conductance for certain anions (e.g., CI" and bicarbonate) to flow down their electrochemical
gradient. ATP-driven conformational changes in CFTR open and close a gate to allow
transmembrane flow of anions down their electrochemical gradient. This function is in contrast
to other ABC proteins, in which ATP-driven conformational changes fuel uphill substrate
transport across cellular membranes. Essentially, CFTR is an ion channel that evolved as a
"broken" ABC transporter that leaks when in the open conformation.

[0004] Mutations of the CFTR gene affecting anion channel function lead to dysregulation of
epithelial ion and fluid transport, thickened mucus, and frequent respiratory infections in the
lung, primarily causing the life-shortening pathophysiology associated with cystic fibrosis.
CFTR is found in the epithelial cells of many organs including the lung, liver, pancreas,
digestive tract, reproductive tract, and skin. In the lung, the protein ion channel moves
bicarbonate and chloride ions out of an epithelial cell to the apical airway surface liquid (ASL).
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This maintains proper ASL pH, viscosity, and activity of pH-sensitive antimicrobial proteins.
Changes in the ASL due to CFTR dysfunction impair the clearance and kiling of bacteria,
leaving patients vulnerable to the chronic airway infections that are the primary driver of
morbidity and mortality.

[0005] Almost 2000 CFTR mutations are found in CF patients, hundreds of which are
confirmed to cause disease through at least five different mechanisms of functional loss (7).
Genotype-specific small molecule drugs can increase the activity of certain mutant forms of
CFTR. However, most CF patients have mutations that are either non-responsive or minimally-
responsive to currently available treatments (2). Extensive efforts to develop gene therapy for
CF have yet to yield substantial clinical impact (7). Thus, a compelling need exists for effective
treatments of cystic fibrosis that are agnostic to the genotype of the CFTR mutation.

[0006] Restoring anion secretion through CFTR channels that bear specific mutations
improves airway host defenses and lung function in people with CF (7, 27, 38). However, not
all CFTR mutations are amenable to medicines that target the defective protein (39). A small
molecule ion channel that promotes secretion of anions can circumvent these limitations.
Multiple studies have demonstrated that peptide or small molecule ion channels, transporters,
or carriers can promote chloride transport in CFTR-deficient cells and/or changes in short
circuit current or potential in CFTR-deficient epithelia (37, 17-13, 40). However, it has remained
unclear whether this approach can restore airway host defenses.

[0007] M. Proesmans, et al., Int. J. Pediatr.,, 2010, 2010, 376287 and Y. Laoudi, et al., Eur.
Respir. J., 2008, 31, 908-909 disclose the use of nebulized Amphotericin B in the treatment of
allergic bronchopulmonary aspergillosis in cystic fibrosis.

SUMMARY OF THE INVENTION

[0008] In one aspect, the present invention provides a combination of a therapeutically
effective amount of (i) amphotericin B (AmB) or a pharmaceutically acceptable salt or hydrate
thereof, and (ii) cholesterol, for use in the treatment of cystic fibrosis in a patient in need
thereof;

wherein the AmB and the cholesterol are administered as an aerosol to an airway of the
patient; and

wherein the patient has two mutations in the CFTR anion channel; and the two mutations are
each independently selected from Table 1:

Table 1. CFTR Mutations

R75X 663delT 15625-1G->A 1924del7
CFTRdele1 G178R 15625-2A->G 2055del9->A
M1V 675del4 S466X 21056-

2117del13insAGAAA
Q2X E193X L467P 2118del4
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S4X 711+1G->T {1548delG 2143delT
182delT 711+3A->G  {S489X G673X
CFTRdele2 711+45G->A  {S492F 2183AA->G or
2183delAA->G
CFTRdele2-4 712-1G->T  {1609delCA 2184insA
185+1G->T H199Y Q493X 2184delA
CFTRdele2,3 P205S WA496X 2185insC
W19X L206W 1507 del Q685X
R75X W216X F508del R709X
Q39X Q220X 1677delTA K710X
A46D L227R V520F Q715X
296+1G->A 849delG C524X 2307insA
296+1G->T 852del22 Q525X L732X
CFTRdele3-10,14b-16 1CgTRdup6b— CFTRdele11 2347delG
297-1G->A 935delA 1717-1G->A 2372del8
E56K Y275X 1717-8G->A R764X
W57X C276X G542X R785X
306insA 991del5 S549R R792X
306delTAGA 1078delT S549N 2556insAT
EGOX 1119delA G550X 2585delT
P67L G330X 1782delA 2594delGT
R75X R334W G551S E822X
365-366insT 1138insG G551D 2622+1G->A
G85E 336K Q552X E831X
394delTT 1338l R553X W846X
L88X S341P AS59T Y849X
CFTRdele4-7 1154insTC 1811+1634A->G or {R851X
1811+1.6kbA->G
CFTRdele4-11 1161delC 1811+1G->C 2711delT
CFTR50kbdel R347H R560K 2721 dell
405+1G->A R34/7P R560T 2732insA
405+3A->C R352Q 1811+1G->A CFTRdele14b-17b
406-1G->A 1213delT 1811+1643G->T W882X
E92K 1248+1G->A {1812-1G->A 2789+5G->A
E92X 1249-1G->A {R560S 2790-1G->C
Qo8X 1259insA AS61E Q890X
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442delA 1288insTA V5621 S912X
444delA W401X 1824delA 2869insG
457TAT->G 1341+1G->A {1833delT Y913X
D110H 1343delG Y569D 2896insAG
R117C Q414X ES85X LO27P
R117H;5T D443Y 1898+1G->A 2942insT
541delC 1461ins4 1898+1G->C 2957delT
574delA 1471delA CFTRdele13,14a S945L
602del14 A455E 1898+3A->G 2991del32
621+1G->T 1497delGG  {1898+5G->T 3007delG
3120G->A 3132delTG  {H1054D 3028delA
CFTRdele17a,17b 3171delC G1061R G970R
CFTRdele17a-18 3171insC L1065P CFTRdele16-17b
3120+1G->A Q1042X R1066C L1077P
3121-1G->A 3271delGG  {R1066H W1089X
3121-2A->G 3272-26A->G {3600G->A Y1092X
3121- 3600G->A CFTRdele19 W1098X
977 _3499+248del2515
3349insT CFTRdele 19 { CFTRdele19-21 M1101K
3659delC ;FTRdeIe19— 3600+2insT R1102X
3667ins4 3600+2insT {3600+5G->A E1104X
S1196X 3600+5G->A {R1158X 3500-2A->G
3737delA R1158X R1162X W1145X
W1204X R1162X W1282X CFTRdele22-24
3791delC 3849G->A 4005+1G->A CFTRdele22,23
Y122X 3849+4A->G {CFTRdele21 Q1330X
3821delT 3849+40A- {4005+2T->C G1349D
>G
11234V 3?49+10kbC— 4010del4 4209TGTT->AA
>
4326delTC 3850-1G->A {4015delA 4218insT
Q1411X 3850-3T->G {4016insT E1371X
Q1412X G1244E 4022insT 4259del5
4374+1G->T 3876delA 4021dupT Q1382X
4374+1G->A 3878delG 4040delA 4279insA
4382delA S1251N N1303K S1255P
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4428insGA L1254X Q1313X S1255X
3905insT D259G

[0009] In another aspect, the present invention provides a combination of a therapeutically
effective amount of (i) amphotericin B (AmB) or a pharmaceutically acceptable salt or hydrate
thereof, and (ii) cholesterol, for use in:

1. a) increasing the pH of airway surface liquid in a patient having cystic fibrosis;

2. b) decreasing the viscosity of airway surface liquid in a patient having cystic fibrosis; or

3. ¢) increasing the antimicrobial activity of airway surface liquid in a patient having cystic
fibrosis;

wherein the AmB and the cholesterol are administered as an aerosol to an airway of the
patient; and

wherein the patient has two mutations in the CFTR anion channel; and the two mutations are
each independently selected from Table 1.

[0010] In certain embodiments, the conjoint administration of AmB and cholesterol is

accomplished via the administration of the drug product AmBisome® (i.e., a composition
consisting essentially of water, AmB, and a liposomal membrane consisting of hydrogenated
soy phosphatidylcholine, cholesterol, distearoylphosphatidylglycerol, alpha tocopherol,
sucrose, and disodium succinate hexahydrate).

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 consists of panels A-F, and generally depicts a model and small molecule probe for
genotype-agnostic rescue of CF. Panel A shows a schematic for transepithelial bicarbonate
transport in a normal airway epithelial cell. Red spheres represent bicarbonate ions. Green and
purple spheres represent sodium and potassium ions, respectively. In panel B, a large
transapical gradient of bicarbonate is predicted in CF epithelia lacking the CFTR bicarbonate
channel. Panel C shows that a small molecule-based channel is predicted to leverage this
transapical gradient to promote bicarbonate secretion into the ASL and thereby restore
physiology in CF lung epithelia. Panel D depicts structures of amphotericin B (AmB) and
channel-inactivated derivative C35-deoxyamphotericin B (C35deOAmB). Panels E and F show

13C-NMR spectra of H'3CO3 -loaded POPC/10% cholesterol liposomes show the appearance

of a bicarbonate '3C resonance in the external solution after addition of AmB but not
C35deOAmMB or DMSO control, demonstrating that AmB is able to facilitate transmembrane
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bicarbonate efflux. In panel F, a representative graph from at least three independent
experiments is shown.

Fig. 2 consists of panels A-F, and generally shows that AmB increases ASL pH in cystic fibrosis
cultured airway epithelia. In panel A, the intracellular pH is elevated in CF (CuFi-1) relative to
normal (NuLi) cultured airway epithelia (n = 12). Panel B shows that the ASL pH is decreased
in CF (CuFi-1) relative to normal (NuLi) cultured airway epithelia (n = 8 to 31). Panel C is a
graph depicting that AmB (2 uM) increases ASL pH relative to an untreated CuFi-1 control over
2 hours and persists for at least 48 hours (n = 6 to 28). Panel D shows that an increase in ASL
pH was not observed in CuFi-1 monolayers with C35deOAmMB (2 uM), basolateral addition of
AmB (2 pM), or ivacaftor/forskolin (10 uM) (n = 6 to 14). Panel E shows that AmB increases
ASL pH in CuFi-1 monolayers at low but not at high concentrations. Complexation of AmB with
cholesterol extends the window of efficacy to at least 100 uM (n = 9 to 31). Panel F shows that
both AmB (2 uM) and ivacaftor/forskolin (10 yM) increase ASL pH in CuFi-4 (G551D/AF508)
monolayers. In panels A-F, graphs depict means + SEM; NS, not significant; *P < 0.05; **P <
0.01; *P < 0.0001.

Fig. 3 consists of panels A-E, and generally shows that the AmB-mediated increase of ASL pH

is bicarbonate-dependent and Na*/K* ATPase-dependent. In panel A, the pH-stat titration in
NuLi and CuFi-1 monolayers showed a dose-dependent increase in ASL pH with AmB
treatment in the presence but not in the absence of basolateral bicarbonate (n = 4 to 23).

Panel B shows a quantification of basolateral to apical transport of H'CO3 in CuFi-1

monolayers indicated that AmB (2 pM) restored normal bicarbonate transport, but
C35deOAmMB (2 uM), basolateral addition of AmB (2 uM), or ivacaftor/forskolin (10 uM) did not
(n = 4 to 38). Panel C shows that both AmB (2 uyM) and ivacaftor/forskolin (10 uM) increase

H14CO3-transepithelial transport in CuFi-4 (G551D/AF508) epithelia (n = 10 to 16). In panels D
and E, the graphs depict that AmB-mediated increases in transepithelial bicarbonate transport
and ASL pH are abrogated by chemical blocking of Na+/K+ AT Pase with ouabain (10 mM) (n =
6). In panels A-E, graphs depict means £ SEM; NS, not significant; **P < 0.01; ***P < 0.001,
****P < 0.0001.

Fig. 4 consists of panels A-E, and generally shows that AmB restores ASL physiology in
primary cultured human lung epithelia derived from CF patients with a wide range of CFTR
genotypes. Panels A-E generally shows that AmB improved host defenses in primary cultured
airway epithelia derived from genetically diverse humans with CF. Panel A is a table listing
genotypes and mutation classes of patient donors. An increase in ASL pH was observed with
or without apical addition of AmB (2 pM; 48 h) treatment across a wide range of CFTR
genotypes in primary cultured airway epithelia derived from 9 humans with CF with a wide
range of CFTR mutations (n = 9). Panel B is a chart showing that on average, AmB (2 yM)
increased ASL pH while C35deOAmMB (2 uM) and basolateral addition of AmB (2 uM) did not (n
=3 t0 9). Panel C shows the average difference in ASL pH by apical addition of AmB (2 uM) as
a function of time (n = 3 to 9). ASL viscosity as measured by FITC-dextran fluorescence
recovery through diffusion (Tas|/Tsaline) (N = 6). Panel D shows the ASL antibacterial activity as

measured by the percent of S. aureus killed after exposure to ASL (n = 8). Panel E shows the
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primary CF epithelia with or without apical addition of AmB (2 uM, 48 hours). All compounds
were administered in FC-72. In Panels A, C and E, each data point or pair of data points
represent an average of epithelia (n = 1 to 3) from a different human and the black bar
indicates means £+ SEM. In all panels, two-sided unpaired Student's t tests with or without
Welch's correction were used where appropriate to assess statistical significance; in panel 3b, *
indicate statistical differences as compared to vehicle control; *P < 0.05; **P < 0.01; P <
0.001. In Panels A, D and E, measurements were taken from distinct samples. In Panel C, the
same samples for each donor were measured repeatedly over time.

Fig. 5 is a graph depicting the dose-dependent change in airway surface liquid pH with

administration of AmBisome® (NS, not significant; *P < 0.05; **P < 0.01; ***P < 0.001; *™**P <
0.0001).

Fig. 6 is a graph depicting change in airway surface liquid pH over time following

administration of AmBisome® (NS, not significant; *P < 0.05; **P < 0.01; ***P < 0.001; *™**P <
0.0001).

Figs. 7A-71 generally show that AmB increased H'4CO5™ secretion and ASL pH in cultured CF

airway epithelia. Panels A-lI show the effects of ivacaftor/forskolin (10 uM, 2 hours) and apical
AmB (2 uM; 48 hours). Fig. 7A is a chart showing ASL pH in CuFi-4 (G551D/AF508) epithelia

(n = 10 to 16). Fig. 7B is a chart showing the rate of basolateral to apical H'*CO3™ secretion

over 10 minutes normalized to vehicle-treated CuFi-4 epithelia (n = 10 to 16). Fig. 7C is a chart

showing ASL pH in NuLi (CFTR*/*) epithelia or in CuFi-1 (AF508/AF508) epithelia 48 h after
addition of vehicle (FC-72), ivacaftor/forskolin (10 yM; 2 hours), C35deOAmMB (2 uM; 48
hours), or basolateral addition of AmB (2 uM; 48 hours) (n = 6 to 14). Fig. 7D is a chart

showing the rate of H'*CO3™ secretion over 10 minutes in NuLi epithelia or in CuFi-1 epithelia

after apical addition of vehicle (FC-72), ivacaftor/forskolin (10 uM, 2 hours), AmB (2 uM, 48
hours), C35deOAmMB (2 uM; 48 hours), or basolateral addition of AmB (2 uM; 48 hours) (n = 4
to 38). Values are normalized to vehicle-treated CuFi-1 epithelia. Fig. 7E is a chart that shows

the effect of AmB (2 uM; 48 hours) on ASL pH in NuLi (CFTR*/*) epithelia (n = 6 to 14). Fig. 7F
is a chart showing the difference in ASL pH in CuFi-1 epithelia with or without apical addition of
AmB (2 pM) as a function of time (n = 6 to 28). Fig. 7G is a chart showing ASL height, as

quantified by confocal microscopy, in NuLi (CFTR*/*) epithelia or in CuFi-1 epithelia after apical
addition of AmB or C35deOAmMB (0.5 uM; 48 hours) or basolateral addition of bumetanide (500

UM) (n = 6 to 21). Fig. 7H is a chart showing ASL pH and H'4CO3" secretion. Fig. 7l is a chart

that shows CuFi-1 epithelia after addition of vehicle (FC-72), apical addition of AmB (2 uM; 48
hours), or apical addition of AmB (2 uM, 48 hours) and basolateral addition of ouabain (10
mM) (n = 6). All compounds were administered in FC-72. In all Figures, measurements were
taken from distinct samples and graphs depict means £ SEM. Two-sided unpaired Student's t
tests with or without Welch's correction and ANOVA were used where appropriate to assess
statistical significance; in panel 2d, * indicate statistical differences as compared to vehicle
control; NS, not significant; *P < 0.05; P < 0.01; *™*P < 0.001; ***P < 0.0001.
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Figs. 8A-8D generally show that AmBisome® increased ASL pH in cultured CF airway epithelia

and in CFTR™ pigs. Fig. 8Ais a chart showing the concentration-dependent effect of AmB or a
pre-formed AmB:cholesterol complex on ASL pH in CuFi-1 (AF508/AF508) epithelia (n = 9 to

31). Fig. 8B is a chart showing the effect of AmBisome® (1 mg/mL in FC-72) on ASL pH in
CuFi-1 (AF508/AF508) as a function of time (n = 9). Fig. 8C is a chart that shows H'4CO3

secretion after 2 h (n = 20). Fig. 8D is a chart that shows CFTR™ pigs that were treated with

AmBisome® (1 mg/mL in FC-72) for at least 1 hour and ASL pH was compared to baseline (n =
4). In all Figures, charts depict means + SEM and two-sided unpaired Student's t tests were
used to assess statistical significance; in Fig. 8A, * indicates significant differences between
AmB or AmB:Chol-treated epithelia; in Fig. 8C, * indicates statistical differences as compared
to vehicle control; *P < 0.05; **P < 0.01; **P < 0.001. In Fig. 8A-8C measurements were taken
from distinct samples. In Fig. 8D, the same pig was measured repeatedly.

Figs. 9A-9I1 generally show that AmB can transport potassium, sodium, chloride, protons and

HCOj5™ across a lipid membrane. Traces indicate percent of maximum ion efflux after Triton-X

addition. Fig. 9A is a graph showing potassium efflux from POPC/10% cholesterol liposomes in
the presence of a potassium gradient after addition of [AmB] equivalent to1:1000 AmB:lipid, or
DMSO vehicle. Fig. 9B is a graph showing sodium efflux from POPC/10% cholesterol
liposomes in the presence of a sodium gradient after addition of [AmB] equivalent t01:1000
AmB:lipid, or DMSO vehicle. Fig. 9C is a graph showing chloride efflux from POPC/10%
cholesterol liposomes in the presence of a chloride gradient after addition of [AmB] equivalent
to1:1000 AmB:lipid, or DMSO vehicle. Fig. 9D is a graph showing proton efflux from
POPC/10% cholesterol liposomes in the presence of a pH gradient after addition of [AmB]

equivalent to 1:1000 AmB:lipid, or DMSO vehicle. Fig. 9E is a schematic of the '3C-NMR
experiment. Fig. 9F is a graph that shows the '3C-NMR spectra of H'3CO3-loaded POPC/10%
cholesterol liposomes treated with AmB, C35deOAmB, or DMSO vehicle. NaH'3CO5 was
loaded inside the liposomes and intravesicular solution was buffered to pH 7.5, while the
extravesicular solution was buffered to pH 7.3. Due to this pH difference, intravesicular HCO5"
displays a more downfield chemical shift relative to extravesicular HCO5™. The addition of AmB
(1:1,000 AmB:POPC) produces an upfield '3C signal corresponding to extravesicular HCOs5,
while the addition C35deOAmMB or DMSO vehicle does not, demonstrating that AmB is able to
facilitate HCOg3™ efflux. Fig. 9G is a spectra confirming that the upfield signal corresponds to
extravesicular HCO3", Mn2*, which binds to HCO3™ and quenches the observed '3C signal via
paramagnetic relaxation enhancement (PRE), was added to the extravesicular solution.
Because MnZ* is impermeable to the POPC bilayer, Mn2* can only affect the signal

corresponding to HCO3™ outside of the liposomes. The addition of Mn2* quenched the upfield

signal produced with the addition of AmB but not the signal corresponding to intravesicular

HCO3 confirming that AmB causes efflux of HCO3". Fig. 9H is a spectrum that shows
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confirmation that the broad, downfield signal corresponds to intravesicular HCO3, POPC

liposomes were lysed with Triton X at the conclusion of the experiment. Fig. 91 is a spectrum

that shows a representative time course of AmB-mediated HCO3 efflux. The data from each

run was normalized to the percent of total ion release from 0 to 100%. After lysis of the

liposome suspension, the integration of the signal corresponding to extravesicular HCO5

relative to the integration of a '3C glucose standard was scaled to correspond to 100% efflux.
For each experimental run with AmB addition, the signal corresponding to extravesicular

HCO3 was integrated relative to the 13C glucose standard for each FID, and the percent efflux

was plotted as a function of time. In Figs. 9A-9I, a representative spectrum or graph from at
least three independent experiments is shown. In all Figures, measurements were taken from
distinct samples.

Figs. 10A-10E generally show that AmB-mediated pH changes are HCO3-dependent and do

not alter major cation concentrations in the ASL. Fig. 10A is a chart showing base secretion
and acid absorption rates in CuFi-1 (AF508/AF508) epithelia over 20 minutes after acute
addition of increasing [AmB], as measured by pH-stat titration (n = 5 to 23). The apical pH was
titrated to a target pH of 6.0. Student's t tests were used to assess statistical significance. Fig.

10B is a chart showing the effect of AmB (2 yM) or FC-72 vehicle after 48 hours Na*
concentration in the ASL in CuFi-1 (AF508/AF508) as measured by ICP-MS (n = 16). Fig. 10C

is a chart showing the effect of AmB (2 uM) or FC-72 vehicle after 48 hours on K*
concentration in the ASL in CuFi-1 (AF508/AF508) as measured by ICP-MS (n = 16). Fig. 10D

is a chart showing the effect of AmB (2 uM) or FC-72 vehicle after 48 hours on 2*Mg?*
concentrations in the ASL in CuFi-1 (AF508/AF508) as measured by ICP-MS (n = 16). Fig. 10E

is a chart showing the effect of AmB (2 pM) or FC-72 vehicle after 48 hours on Ca?*
concentration in the ASL in CuFi-1 (AF508/AF508) as measured by ICP-MS (n = 16). Two-
sided unpaired Student's t tests with or without Welch's correction and ANOVA were used
where appropriate to assess statistical significance. Graph depicts means + SEM; NS, not
significant; ***P < 0.0001. In all Figures, measurements were taken from distinct samples.

Figs. 1MA-11K generally show that AmB treatment is sustained, ineffective on wild type, not
due to increased CFTR activity, does not disturb membrane integrity, and is non-toxic. Fig. 11A
is a chart showing the effect of AmB (2 uM) or FC-72 vehicle left on the surface of CuFi-1
(AF508/AF508) epithelia for 7 days on H'4CO3 movement from the basolateral buffer to the
ASL over 10 minutes post-radiolabel addition, as normalized to FC-72 vehicle addition (n =6 to
9). Fig. 11B is a chart showing the effect of AmB (2 uM) or FC-72 vehicle left on the surface of
CuFi-1 (AF508/AF508) epithelia for 14 days on H'4CO3™ movement from the basolateral buffer
to the ASL over 10 minutes post-radiolabel addition, as normalized to FC-72 vehicle addition (n
= 6 to 9). Fig. 11C is a chart showing the effect of AmB (2 uM) or FC-72 vehicle left on the
surface of CuFi-1 (AF508/AF508) epithelia for 28 days on H'*COs;movement from the

basolateral buffer to the ASL over 10 minutes post-radiolabel addition, as normalized to FC-72
vehicle addition (n = 6 to 9). Figs. 11D and 11G are a graph and spectra showing changes in
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short-circuit current (lg.) after treatment with 10 yM forskolin/100 uM IBMX (FI) to activate

CFTR and 1 uM CFTRjy:-172 to inhibit CFTR in NuLi (CFTR*/*) epithelia treated with AmB (2

MM; 48 hours) (n = 6). Figs. 11E and 11H are a graph and spectra showing changes in short-
circuit current (Isc) after treatment with 10 uM forskolin/100 uM IBMX (FI) to activate CFTR and

1 UM CFTRipp-172 to inhibit CFTR in CuFi-1 (AF508/AF508) epithelia treated with AmB (2 uM:

48 hours) (n = 6). Fig. 11F and 111 are a graph and spectra showing changes in short-circuit
current (Isc) after treatment with 10 uM forskolin/100 uM IBMX (F1) to activate CFTR and 1 uM

CFTRjnn-172 to inhibit CFTR in CuFi-1 epithelia treated with AmB (2 uM; 48 hours) (n = 6). Fig.

11J is a chart showing that transepithelial electrical resistance (Rt) in CuFi-1 epithelia did not
differ between treatment with vehicle or increasing doses of AmB over increasing time periods
after a single treatment (n = 9). Fig. 11K is a chart showing cytotoxicity as measured by
detection of lactase dehydrogenase in CuFi-1 epithelia over increasing time periods after a
single AmB or vehicle treatment, represented as percent of total cellular lysis by Triton X. AmB
treatment did not cause increased cytotoxicity as compared to vehicle (n = 9 to 12). In Figs.
11A-11C, two-sided unpaired Student's t tests were used to assess statistical significance. In
Figs. 11H-11J, a representative graph from at least three independent experiments is shown.
Figs. 11A-11F, 11J, and 11K, depict means £ SEM; NS, not significant; **P < 0.001 relative to
vehicle control. In all Figures, measurements were taken from distinct samples.

Figs. 12A-12E generally show that AmB increases ASL height. Fig. 12A is an image showing

ASL height, as imaged by confocal microscopy NuLi (CFTR*/*) epithelia with apical addition of
AmB. Fig. 12B is an image showing ASL height, as imaged by confocal microscopy, in CuFi-1
epithelia with apical addition of AmB. Fig. 12C is an image showing ASL height, as imaged by
confocal microscopy, in CuFi-1 epithelia with apical addition of AmB. Fig. 12D is an image
showing ASL height, as imaged by confocal microscopy, in NuLi epithelia with basolateral
addition of bumetanide (500 uM). Fig. 12E is an image showing ASL height, as imaged by
confocal microscopy, in AmB-treated CuFi-1 epithelia with basolateral addition of bumetanide
(500 uM). Representative images from at least 8 independent experiments are shown. In all
panels, measurements were taken from distinct samples. Scale bar represents 10 microns.

Figs. 13A-13G generally show that AmB restores ASL pH and antibacterial activity in primary
human airway epithelia from donors with CF. Fig. 13A is a chart showing the genotypes and A
pH measurements of patient donors in an ASL pH assay. Fig. 13B is a graph showing the
effects of AmB (2 uM; 48 hours), C35deOAmMB (2 uM; 48 hours) and basolateral addition of
AmB (2 uM; 48 hours) on the average ASL pH of primary cultured airway epithelia derived from
CF humans with different CFTR mutations (n = 3 to 9). Fig. 13C is a graph showing the effect
of AmB (2 uM; 48 hours) on ASL pH in non-CF epithelia (n = 7). Fig. 13D is a chart showing
the genotypes of patient donors in an ASL viscosity assay. Fig. 13E is a chart showing the
genotypes of patient donors in an ASL antibacterial activity assay. Fig. 13F is a graph showing
the effect of AmB (2 pM; 48 hours) and C35deOAmMB (2 pM; 48 hours) on the average ASL
antibacterial activity of primary cultured airway epithelia derived from CF humans with a wide
range of CFTR mutations (n = 5 to 8). Antibacterial activity is measured by the % of S. aureus
killed after exposure to ASL. Fig. 13G is a graph showing the ability of AmB (2 uM) alone kills
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S. aureus as compared to saline (n = 36). In Figs. 13B, 13C,13 F and 13G, two-sided unpaired
Student's t tests with or without Welch's correction and ANOVA were used where appropriate to
assess statistical significance. Graphs depict means £ SEM; NS, not significant; *P < 0.05; **P <
0.01. In all Figures, measurements were taken from distinct samples.

Figs. 14A-14C generally show that AmBisome® increases transepithelial H'4CO5  secretion

and ASL pH in a time and dose-dependent manner. Fig. 14A is a graph showing the effect of
AmBisome® (1:1000 AmB:lipid ratio), AmB:Chol (1:1000 AmB:lipid ratio in DMSO), and sterile

water or DMSO vehicle on H'3COstransport across a POPC/10% cholesterol lipid membrane.

Fig. 14B is a graph showing the effect of AmBisome® (1 mg/mL; 48 hours) or FC-72 vehicle on

H14CO3” movement from the basolateral buffer to the ASL over 10 minutes post-radiolabel
addition in CuFi-1 (AF508/AF508) as normalized to FC-72 vehicle addition (n = 16). Fig. 14C is

a graph showing the effect of increasing AmBisome® (1 mg/mL; 48 hours) on ASL pH in CuFi-
1 epithelia as compared to vehicle control (n =6 to 9). In Fig. 14A, a representative graph from
at least three independent experiments is shown. In Figs. 14B and 14C, two-sided unpaired
Student's t tests and ANOVA were used where appropriate to assess statistical significance.
Graphs depict means £ SEM; NS, not significant; *P < 0.05; **P < 0.001; ***P < 0.0001 relative
to vehicle control. In Fig. 14C, delta and statistics are compared to FC-72 vehicle control. In
Figs. 14B-14C, measurements were taken from distinct samples. In Fig. 14A, the same sample
for each replicate was measured repeatedly over time.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Maintenance of airway surface liquid (ASL) pH is essential to lung physiology and

requires a balance between proton export through the nongastric H*/K* adenosine
triphosphatase ATP12A and bicarbonate secretion through CFTR (3, 4). Respiratory
pathogens such as Pseudomonas aeruginosa can also contribute to ASL acidification by

secreting protons through monocarboxylate lactate-H* co-transporters, a process also
countered by bicarbonate secretion in normal airways but not in CF (5). Loss of CFTR thus
leads to reduced pH, which increases ASL viscosity and decreases activity of pH-sensitive
antimicrobial proteins (3, 6), contributing to the chronic airway infections that cause morbidity
and mortality in CF patients (4, 7). Administration of aerosolized bicarbonate or buffers to CF
epithelia can alkalinize the ASL and normalize viscosity and antimicrobial activity. However,
these effects are transient, with pH returning to baseline values within an hour (3, 8).

[0013] A robust network of pumps and channels on the basolateral membrane, including

Na*/K* ATPase, normally drives transepithelial bicarbonate transport (Fig. 1, panel A). In the
absence of CFTR, bicarbonate ions continue to be driven into cells through the basolateral
membrane but apical release is abated, yielding alkalinized intracellular pH (9, 710). This
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creates a large pH gradient across the apical membrane (Fig. 1, panel B). The inventors
surprisingly discovered that small molecule-mediated permeabilization of the apical membrane
to bicarbonate increases ASL pH in CF epithelia. Moreover, the inventors determined that this
permeabilization functionally integrates with a robust protein network that drives and regulates
transepithelial bicarbonate transport, thereby enabling substantial restoration of ASL
physiology with an unregulated and relatively unselective surrogate for CFTR (Fig. 1, panel C).

[0014] Accordingly, small molecule ion channels introduced into CF epithelia can restore
physiologic features of ASL in CF lung epithelia via proton absorption, bicarbonate secretion,
or both. Such a molecular prosthetics approach to CF genotype-independent, i.e., independent
of the exact nature of the genetic mutation underlying the reduced CFTR expression or
reduced CFTR function in CF.

[0015] Amphotericin B (AmB) can permeabilize eukaryotic cells, such as yeast cells, to
potassium and other ions. Ermishkin LN et al. (1977) Biochim Biophys Acta 470(3): 357-367.
AmB is also highly toxic to yeast, and this toxicity was thought to be inextricably linked to its
membrane permeabilization. However, it was found that a synthesized derivative of AmB
lacking a single oxygen atom at C35 (C35deOAmB) does not form ion channels, and yet still
maintains potent fungicidal activity. Gray KC et al. (2012) Proc Natl Acad Sci USA 109(7):
2234-2239. Further studies revealed that AmB primarily kills yeast by binding and extracting
sterols from membranes and is only cytotoxic when the amount of AmB exceeds that of
ergosterol. Anderson TM et al. (2014) Nat Chem Biol 10(5): 400-406. Channel formation is not
required. This enabled separation of the ion channel activity of AmB from its cell killing effects
via administering at low doses and/or pre-complexation with sterols. AmB can restore growth in
protein ion channel-deficient yeast. The range of doses for which growth rescue is observed
can be extended by more than an order of magnitude when AmB is pre-complexed with the
primary sterol in yeast, ergosterol. The non-channel-forming variant C35deOAmB failed to
rescue yeast growth at any tested concentration.

[0016] Treatment with AmB and a sterol may rescue one or more of ASL pH, viscosity, and
antimicrobial activity in primary lung epithelia derived from CF.

[0017] As will be described in detail here, the cellular mechanisms that drive transepithelial
bicarbonate transport in human airways are sufficiently robust to allow imperfect mimicry of
CFTR to be sufficient to restore important aspects of ASL physiology in a genotype-agnostic
manner. Small molecule channels can be functionally integrated into this robust protein-based
bicarbonate transport pathway, and the specific intersection of AmB channels with Na+/K+
ATPase adds to a growing list of examples where a small molecule surrogate for a missing
protein can interface with robust autoregulatory mechanisms in eukaryotic cells (20, 23). The
experiments described herein reveal that alternative activities of CFTR that are not replicated
by AmB, including regulation of other ion transporters (34, 35), are not required for maintaining
ASL pH, viscosity, and antibacterial properties. This result is a remarkable in light of previous
reports indicating these alternative activities were likely to be important (34, 35). Collectively,
these findings suggest a roadmap for genotype-agnostic rescue of CF using small molecules



DK/EP 3694526 T3

that promote apical membrane bicarbonate permeabilization. It is notable that AmB is a
clinically approved drug that has been safely delivered to the lungs in aerosolized form (32),
that AmBisome is a clinically approved mixture containing amphotericin, cholesterol, and other
lipids and salts, and that synthetic derivatization of the natural product has recently been
shown to modify conductance and selectivity of the corresponding ion channels (33).

[0018] Accordingly, AmB and a sterol together, for example pre-formed complexes between
AmB and a sterol, are effective for increasing the pH of ASL in the lungs of CF patients,
thereby improving airway antimicrobial activity and airway protection in these patients. In
certain embodiments, the molar ratio of AmB: cholesterol is in the range from 1:1 to about
1:15.

Combination for Uses of the Invention

[0019] In one aspect, provided herein is a combination of a therapeutically effective amount of
(i) amphotericin B (AmB) or a pharmaceutically acceptable salt or hydrate thereof, and (ii)
cholesterol, for use in the treatment of cystic fibrosis in a patient in need thereof;

wherein the AmB and the cholesterol are administered as an aerosol to an airway of the
patient; and

wherein the patient has two mutations in the CFTR anion channel; and the two mutations are
each independently selected from Table 1.

[0020] As used herein, the terms "treat" and "treating” refer to performing an intervention that
results in (a) preventing a condition or disease from occurring in a subject that may be at risk
of developing or predisposed to having the condition or disease but has not yet been
diagnosed as having it; (b) inhibiting a condition or disease, e.g., slowing or arresting its
development; or (c) relieving or ameliorating a condition or disease, e.g., causing regression of
the condition or disease. In one embodiment the terms "treating” and "treat" refer to
performing an intervention that results in (a) inhibiting a condition or disease, e.g., slowing or
arresting its development; or (b) relieving or ameliorating a condition or disease, e.g., causing
regression of the condition or disease.

[0021] As used herein, a "patient” refers to a living mammal. In various embodiments, a patient
is a non-human mammal, including, without limitation, a mouse, rat, hamster, guinea pig,
rabbit, sheep, goat, cat, dog, pig, horse, cow, or non-human primate. In certain embodiments a
patient is a human.

[0022] As used herein, the phrase "effective amount” refers to any amount that is sufficient to
achieve a desired biological effect.
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[0023] As used herein, the phrase "therapeutically effective amount” refers to any amount that
is sufficient to achieve a desired therapeutic effect, e.g., treating cystic fibrosis.

[0024] In certain embodiments the AmB and cholesterol are administered in a molar ratio in
the range from about 1:1 to about 1:2.5, preferably in a molar ratio is about 1:2.5.

[0025] In certain embodiments, the AmB and cholesterol are administered as separate
pharmaceutical compositions.

[0026] The separate pharmaceutical compositions of the AmB and cholesterol may be
administered simultaneously.

[0027] Alternatively, the separate pharmaceutical compositions of the AmB and cholesterol
may be administered at different times. For example, in some embodiments, cholesterol is
administered within about 5 minutes to within about 168 hours prior to or after the AmB.

[0028] In other embodiments, the AmB and cholesterol are administered in a single
pharmaceutical composition, i.e., the AmB and cholesterol are formulated in a single
pharmaceutical composition.

[0029] In certain embodiments, the AmB and cholesterol are present as a complex.

[0030] As used herein, an "airway of a subject” refers to any or all of the following pulmonary
structures: trachea, bronchi, bronchioles, alveoli. In certain embodiments, an airway of a
subject refers to a so-called conducting airway, i.e., any or all of the following pulmonary
structures: trachea, bronchi, and bronchioles.

[0031] Over 1900 different CFTR mutations are found in CF patients, hundreds of which are
confirmed to be disease causing through at least five different mechanisms of functional loss.
There have been important recent advances in the development of genotype-specific small
molecule drugs that bind to certain mutant forms of CFTR and thereby increase its activity.
However, nearly half of all CF patients have CFTR genotypes that do not respond to current
small molecule treatments. These include major truncations that yield a complete lack of
functional CFTR protein and very rare mutations for which the mechanistic underpinnings of
functional deficiency are unknown.

[0032] In certain embodiments, the patient has two mutations in the CFTR anion channel,
wherein the two mutations are each independently selected from 2184delA, F508del, V520F,
1717-1G->A, EBOX, G551D, R553X, and D259G.

[0033] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, G551D/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA,
and D259G/V520F.
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[0034] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA, and D259G/\VV/520F.

[0035] In certain embodiments, the treatment of cystic fibrosis is useful in the treatment of
various CF genotypes that are typically non-responsive or minimally-responsive to treatment
with conventional CF therapeutics. For example, the V520F allele in patients having the
D259G/V520F pair of CFTR mutations is refractory to treatment with ivacaftor.

[0036] Accordingly, in certain embodiments, the methods of treating cystic fibrosis described
herein are agnostic to CF genotype.

[0037] In some embodiments, any of the methods disclosed herein treat refractory or resistant
cystic fibrosis. In some embodiments, the cystic fibrosis is refractory or resistant to one or more
cystic fibrosis treatments.

[0038] In certain embodiments, the cystic fibrosis is refractory to treatment with ivacaftor.

[0039] In some embodiments, the method of treating cystic fibrosis further comprises
administering to the patient a therapeutically effective amount of an antibiotic.

[0040] In certain aspects, provided herein is a combination of a therapeutically effective
amount of (i) amphotericin B (AmB) or a pharmaceutically acceptable salt or hydrate thereof,
and (ii) cholesterol, for use in increasing the pH of airway surface liquid in a patient having
cystic fibrosis, wherein the AmB and the cholesterol are administered as an aerosol to an
airway of the patient; and wherein the patient has two mutations in the CFTR anion channel,
and the two mutations are each independently selected from the Table 1.

[0041] The pH of airway surface liquid (ASL) in a subject can be measured using any
technique known to those of skill in the art. For example, airway pH can be measured by
placing a planar pH-sensitive probe on the tracheal surface. Pezzulo AA et al. (2012) Nature
487: 109-113.

[0042] The pH of ASL in a subject is said to be increased when it is measurably greater than
the pH of ASL of an untreated subject. In one embodiment the pH of ASL in a subject is said to
be increased when it is measurably greater than the pH of ASL of the same subject measured
prior to or distant in time from treatment according to a method of the invention.

[0043] Such methods of increasing the pH of airway surface liquid are described in Example 2.
Remarkably, rescue of ASL pH is observed over a wide range of AmB:sterol concentrations .
Accordingly, the method of increasing ASL pH described herein has significant implications for
clinical applications.

[0044] In certain embodiments, the increase in pH can be 0.01 pH unit to 2.0 pH unit. In
certain embodiments, the increase in pH can be 0.01 pH unit to 1.0 pH unit. In certain



DK/EP 3694526 T3

embodiments, the increase in pH can be 0.01 pH unit to 0.5 pH unit. In certain embodiments,
the increase in pH can be 0.01 pH unit to 0.4 pH unit. In certain embodiments, the increase in
pH can be 0.01 pH unit to 0.3 pH unit. In certain embodiments, the increase in pH can be 0.01
pH unit to 0.2 pH unit. In certain embodiments, the increase in pH can be 0.01 pH unit to 0.1
pH unit.

[0045] In some embodiments, the increase in pH is by apical addition of any one of the
compositions disclosed herein.

[0046] In some embodiments, the increase in pH of ASL correlates to alkalization of the apical
solution. In some embodiments, the alkalization of the apical solution is bicarbonate-
dependent. In some embodiments, the increased apical chamber alkalization occurs in the
presence of basolateral bicarbonate.

[0047] In some embodiments, the increase in ASL pH is not due to increasing CFTR
activity/trafficking to the surface or disrupting membrane integrity.

[0048] In certain embodiments the AmB and cholesterol are administered in a molar ratio in
the range from about 1:1 to about 1:2.5, preferably in a molar ratio is about 1:2.5.

[0049] In certain embodiments, the AmB and cholesterol are administered as separate
pharmaceutical compositions.

[0050] The separate pharmaceutical compositions of the AmB and cholesterol may be
administered simultaneously.

[0051] Alternatively, the separate pharmaceutical compositions of the AmB and cholesterol
may be administered at different times. For example, in some embodiments, cholesterol is
administered within about 5 minutes to within about 168 hours prior to or after the AmB.

[0052] In other embodiments, the AmB and cholesterol are administered in a single
pharmaceutical composition, i.e., the AmB and cholesterol are formulated in a single
pharmaceutical composition.

[0053] In certain embodiments, the AmB and cholesterol are present as a complex.

[0054] As used herein, an "airway of a subject” refers to any or all of the following pulmonary
structures: trachea, bronchi, bronchioles, alveoli. In certain embodiments, an airway of a
subject refers to a so-called conducting airway, i.e., any or all of the following pulmonary
structures: trachea, bronchi, and bronchioles.

[0055] In certain embodiments, the patient has two mutations in the CFTR anion channel,
wherein the two mutations are each independently selected from 2184delA, F508del, V520F,
1717-1G->A, EBOX, G551D, R553X, and D259G.
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[0056] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, G551D/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA,
and D259G/V520F.

[0057] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA, and D259G/\VV/520F.

[0058] In certain embodiments, increasing the pH of airway surface liquid is useful for
increasing the pH of airway surface liquid in a patient having any one of various CF genotypes
that are typically non-responsive or minimally-responsive to treatment with conventional CF
therapeutics.

[0059] Accordingly, in certain embodiments, the methods of increasing ASL pH described
herein are agnostic to the patient's CF genotype.

[0060] In some embodiments, any of the methods disclosed herein increase ASL pH in
patients having refractory or resistant cystic fibrosis. In some embodiments, the cystic fibrosis
is refractory or resistant to one or more cystic fibrosis treatments, such as ivacaftor.

[0061] In some embodiments, the method further comprises administering to the patient a
therapeutically effective amount of an antibiotic.

[0062] In certain aspects, provided herein is a combination of a therapeutically effective
amount of (i) amphotericin B (AmB) or a pharmaceutically acceptable salt or hydrate thereof,
and (ii) cholesterol, for use in decreasing the viscosity of airway surface liquid in a patient
having cystic fibrosis, wherein the AmB and the cholesterol are administered as an aerosol to
an airway of the patient; and wherein the patient has two mutations in the CFTR anion
channel; and the two mutations are each independently selected from the Table 1.

[0063] In certain embodiments the AmB and cholesterol are administered in a molar ratio in
the range from about 1:1 to about 1:2.5, preferably in a molar ratio is about 1:2.5.

[0064] In certain embodiments, the AmB and cholesterol are administered as separate
pharmaceutical compositions.

[0065] The separate pharmaceutical compositions of the AmB and cholesterol may be
administered simultaneously.

[0066] Alternatively, the separate pharmaceutical compositions of the AmB and cholesterol
may be administered at different times. For example, in some embodiments, cholesterol is

administered within about 5 minutes to within about 168 hours prior to or after the AmB.

[0067] In other embodiments, the AmB and cholesterol are administered in a single
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pharmaceutical composition, i.e., the AmB and cholesterol are formulated in a single
pharmaceutical composition.

[0068] In certain embodiments, the AmB and cholesterol are present as a complex.

[0069] As used herein, an "airway of a subject” refers to any or all of the following pulmonary
structures: trachea, bronchi, bronchioles, alveoli. In certain embodiments, an airway of a
subject refers to a so-called conducting airway, i.e., any or all of the following pulmonary
structures: trachea, bronchi, and bronchioles.

[0070] In certain embodiments, the patient has two mutations in the CFTR anion channel,
wherein the two mutations are each independently selected from 2184delA, F508del, V520F,
1717-1G->A, EBOX, G551D, R553X, and D259G.

[0071] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, G551D/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA,
and D259G/V520F.

[0072] In certain embodiments, the patient has a pair of CFTR mutations selected from
F508del/F508del, R553X/E60X, F508del/1717-1G->A, F508del/2184delA, and D259G/\VV/520F.

[0073] In certain embodiments, decreasing the viscosity of airway surface liquid in a patient
having cystic fibrosis is useful for decreasing the viscosity of airway surface liquid in a patient
having any one of various CF genotypes that are typically non-responsive or minimally-
responsive to treatment with conventional CF therapeutics.

[0074] Accordingly, in certain embodiments, the methods of decreasing ASL viscosity
described herein are agnostic to the patient's CF genotype.

[0075] In some embodiments, any of the methods disclosed herein decrease ASL viscosity in
patients having refractory or resistant cystic fibrosis. In some embodiments, the cystic fibrosis
is refractory or resistant to one or more cystic fibrosis treatments, such as ivacaftor.

[0076] In some embodiments, the method further comprises administering to the patient a
therapeutically effective amount of an antibiotic.

[0077] In accordance with each of the foregoing embodiments, in certain embodiments, the
patient is a human.

[0078] In accordance with each of the foregoing embodiments, in certain embodiments, the
patient is less than 12 years old.

[0079] In accordance with each of the foregoing embodiments, in certain embodiments, the
patient is at least 12 years old. For example, in certain embodiments, the patient is at least 12
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to about 16 years old. In certain other embodiments, the patient is about 16 to about 24 years
old. In certain other embodiments, the patient is about 24 to about 30 years old. In certain
other embodiments, the patient is about 30 to about 40 years old. In certain other
embodiments, the patient is about 40 to about 50 years old. In certain other embodiments, the
patient is about 50 to about 60 years old. In certain other embodiments, the patient is about 60
to about 70 years old. In certain other embodiments, the patient is about 70 to about 80 years
old.

[0080] In some embodiments, any of the methods disclosed herein permeabilize the apical
membrane. In some embodiments, any of the methods disclosed herein permeabilize the
apical membrane to protons. In some embodiments, any of the methods disclosed herein
permeabilize the apical membrane to bicarbonate anions.

Formulations

[0081] Formulations used in the invention may be administered in pharmaceutically acceptable
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers, adjuvants, and optionally other
therapeutic ingredients.

[0082] Amphotericin B is commercially available in a number of formulations, including
deoxycholate-based formulations and lipid-based (including liposomal) formulations. For
purposes of this invention, AmB may be formulated with cholesterol. In certain embodiments,
such formulation comprises a complex formed between AmB and cholesterol.

[0083] For use in therapy, an effective amount of an active compound or composition can be
administered to a subject by any mode that delivers the compound or composition to the
desired location or surface. Administering a pharmaceutical composition may be accomplished
by any means known to the skilled artisan

[0084] Lyophilized formulations are generally reconstituted in suitable aqueous solution, e.g.,
in sterile water or saline, shortly prior to administration.

[0085] For administration by inhalation, the compounds and compositions for use according to
the present invention may be conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebulizer, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges of e.g., gelatin for use
in an inhaler or insufflator may be formulated containing a powder mix of the compound and a
suitable powder base such as lactose or starch.

[0086] Also contemplated herein is pulmonary delivery of the compounds of the invention (or
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derivatives thereof). The compound of the invention (or derivative) is delivered to the lungs of a
mammal while inhaling and traverses across the lung epithelial lining to the blood stream.
Other reports of inhaled molecules include Adjei et al.,, Pharm Res 7:565-569 (1990); Adjei et
al., Int J Pharmaceutics 63:135-144 (1990) (leuprolide acetate); Braquet et al., J Cardiovasc
Pharmacol 13(suppl. 5): 143-146 (1989) (endothelin-1); Hubbard et al., Annal Int Med 3:206-
212 (1989) (a1-antitrypsin); Smith et al., 1989, J Clin Invest 84: 1145-1146 (a-1-proteinase);
Oswein et al., 1990, "Aerosolization of Proteins”, Proceedings of Symposium on Respiratory
Drug Delivery Il, Keystone, Colorado, March, (recombinant human growth hormone); Debs et
al., 1988, J Immunol 140:3482-3488 (interferon-gamma and tumor necrosis factor alpha) and
Platz et al., U.S. Pat. No. 5,284,656 (granulocyte colony stimulating factor). A method and
composition for pulmonary delivery of drugs for systemic effect is described in U.S. Pat. No.
5,451,569 , issued Sep. 19, 1995 to Wong et al.

[0087] Contemplated for use in the practice of this invention are a wide range of mechanical
devices designed for pulmonary delivery of therapeutic products, including but not limited to
nebulizers, metered dose inhalers, and powder inhalers, all of which are familiar to those
skilled in the art.

[0088] Some specific examples of commercially available devices suitable for the practice of
this invention are the Ultravent nebulizer, manufactured by Mallinckrodt, Inc., St. Louis, Mo.;
the Acorn Il nebulizer, manufactured by Marquest Medical Products, Englewood, Colo.; the
Ventolin metered dose inhaler, manufactured by Glaxo Inc., Research Triangle Park, North
Carolina; and the Spinhaler powder inhaler, manufactured by Fisons Corp., Bedford, Mass.

[0089] All such devices require the use of formulations suitable for the dispensing of
compound of the invention (or derivative). Typically, each formulation is specific to the type of
device employed and may involve the use of an appropriate propellant material, in addition to
the usual diluents, adjuvants and/or carriers useful in therapy. Also, the use of liposomes,
microcapsules or microspheres, inclusion complexes, or other types of carriers is
contemplated. Chemically modified compound of the invention may also be prepared in
different formulations depending on the type of chemical modification or the type of device
employed.

[0090] Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically
comprise compound of the invention (or derivative) dissolved in water at a concentration of
about 0.1 to 25 mg of biologically active compound of the invention per mL of solution. The
formulation may also include a buffer and a simple sugar (e.g., for compound of the invention
stabilization and regulation of osmotic pressure). The nebulizer formulation may also contain a
surfactant, to reduce or prevent surface induced aggregation of the compound of the invention
caused by atomization of the solution in forming the aerosol.

[0091] Formulations for use with a metered-dose inhaler device will generally comprise a finely
divided powder containing the compound of the invention (or derivative) suspended in a
propellant with the aid of a surfactant. The propellant may be any conventional material
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employed for this purpose, such as a chlorofluorocarbon, a hydrochlorofluorocarbon, a
hydrofluorocarbon, or a hydrocarbon, including trichlorofluoromethane,
dichlorodifluoromethane, dichlorotetrafluoroethanol, and 1,1,1,2-tetrafluoroethane, or
combinations thereof. Suitable surfactants include sorbitan trioleate and soya lecithin. Oleic
acid may also be useful as a surfactant.

[0092] Formulations for dispensing from a powder inhaler device will comprise a finely divided
dry powder containing compound of the invention (or derivative) and may also include a
bulking agent, such as lactose, sorbitol, sucrose, or mannitol in amounts which facilitate
dispersal of the powder from the device, e.g., 50 to 90% by weight of the formulation. The
compound of the invention (or derivative) should advantageously be prepared in particulate
form with an average particle size of less than 10 micrometers (um), most preferably 0.5 to 5
pm, for most effective delivery to the deep lung.

[0093] Nasal delivery of a pharmaceutical composition of the present invention is also
contemplated. Nasal delivery allows the passage of a pharmaceutical composition of the
present invention to the blood stream directly after administering the therapeutic product to the
nose, without the necessity for deposition of the product in the lung. Formulations for nasal
delivery include those with dextran or cyclodextran.

[0094] For nasal administration, a useful device is a small, hard bottle to which a metered dose
sprayer is attached. In one embodiment, the metered dose is delivered by drawing the
pharmaceutical composition of the present invention solution into a chamber of defined
volume, which chamber has an aperture dimensioned to aerosolize and aerosol formulation by
forming a spray when a liquid in the chamber is compressed. The chamber is compressed to
administer the pharmaceutical composition of the present invention. In a specific embodiment,
the chamber is a piston arrangement. Such devices are commercially available.

[0095] Alternatively, a plastic squeeze bottle with an aperture or opening dimensioned to
aerosolize an aerosol formulation by forming a spray when squeezed is used. The opening is
usually found in the top of the bottle, and the top is generally tapered to partially fit in the nasal
passages for efficient administration of the aerosol formulation. Preferably, the nasal inhaler
will provide a metered amount of the aerosol formulation, for administration of a measured
dose of the drug.

[0096] The pharmaceutical compositions also may comprise suitable solid or gel phase
carriers or excipients. Examples of such carriers or excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,
and polymers such as polyethylene glycols.

[0097] . For a brief review of methods for drug delivery, see Langer R, Science 249: 1527-33
(1990).

[0098] The compounds of the combination for use of the invention and optionally other
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therapeutics may be administered per se (neat) or in the form of a pharmaceutically
acceptable salt. WWhen used in medicine the salts should be pharmaceutically acceptable, but
non-pharmaceutically acceptable salts may conveniently be used to prepare pharmaceutically
acceptable salts thereof. Such salts include, but are not limited to, those prepared from the
following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, acetic, salicylic,
p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malonic, succinic, naphthalene-
2-sulphonic, and benzene sulphonic. Also, such salts can be prepared as alkaline metal or
alkaline earth salts, such as sodium, potassium or calcium salts of the carboxylic acid group.

[0099] Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid and a salt
(1-3% wiv); boric acid and a salt (0.5-2.5% wi/v); and phosphoric acid and a salt (0.8-2% wi/v).
Suitable preservatives include benzalkonium chloride (0.003-0.03% wi/v); chlorobutanol (0.3-
0.9% wi/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-0.02% w/v).

[0100] Pharmaceutical compositions contain an effective amount of a compound of the
invention and optionally therapeutic agents included in a pharmaceutically acceptable carrier.
The term "pharmaceutically acceptable carrier” means one or more compatible solid or liquid
filler, diluents or encapsulating substances which are suitable for administration to a human or
other vertebrate animal. The term "carrier” denotes an organic or inorganic ingredient, natural
or synthetic, with which the active ingredient is combined to facilitate the application. The
components of the pharmaceutical compositions also are capable of being commingled with
the compounds of the present invention, and with each other, in a manner such that there is no
interaction which would substantially impair the desired pharmaceutical efficiency.

[0101] The therapeutic agent(s), including specifically but not limited to the compounds in the
combination for use of the invention, may be provided in particles. Particles as used herein
means nanoparticles or microparticles (or in some instances larger particles) which can consist
in whole or in part of the compound of the invention or the other therapeutic agent(s) as
described herein. The particles may contain the therapeutic agent(s) in a core surrounded by a
coating, including, but not limited to, an enteric coating. The therapeutic agent(s) also may be
dispersed throughout the particles. The therapeutic agent(s) also may be adsorbed into the
particles. The particles may be of any order release kinetics, including zero-order release, first-
order release, second-order release, delayed release, sustained release, immediate release,
and any combination thereof, etc. The particle may include, in addition to the therapeutic
agent(s), any of those materials routinely used in the art of pharmacy and medicine, including,
but not limited to, erodible, nonerodible, biodegradable, or nonbiodegradable material or
combinations thereof. The particles may be microcapsules which contain the compound of the
invention in a solution or in a semi-solid state. The particles may be of virtually any shape.

[0102] Both non-biodegradable and biodegradable polymeric materials can be used in the
manufacture of particles for delivering the therapeutic agent(s). Such polymers may be natural
or synthetic polymers. The polymer is selected based on the period of time over which release
is desired. Bioadhesive polymers of particular interest include bioerodible hydrogels described
in Sawhney H S et al. (1993) Macromolecules 26:581-7. These include polyhyaluronic acids,
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casein, gelatin, glutin, polyanhydrides, polyacrylic acid, alginate, chitosan, poly(methyl
methacrylates), poly(ethyl methacrylates), poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), and
poly(octadecyl acrylate).

[0103] The therapeutic agent(s) may be contained in controlled release systems. The term
"controlled release” is intended to refer to any drug-containing formulation in which the manner
and profile of drug release from the formulation are controlled. This refers to immediate as well
as non-immediate release formulations, with non-immediate release formulations including but
not limited to sustained release and delayed release formulations. The term "sustained
release" (also referred to as "extended release") is used in its conventional sense to refer to a
drug formulation that provides for gradual release of a drug over an extended period of time,
and that preferably, although not necessarily, results in substantially constant blood levels of a
drug over an extended time period. The term "delayed release” is used in its conventional
sense to refer to a drug formulation in which there is a time delay between administration of
the formulation and the release of the drug there from. "Delayed release” may or may not
involve gradual release of drug over an extended period of time, and thus may or may not be
"sustained release."

[0104] Use of a long-term sustained release implant may be particularly suitable for treatment
of chronic conditions. "Long-term" release, as used herein, means that the implant is
constructed and arranged to deliver therapeutic levels of the active ingredient for at least 7
days, and preferably 30-60 days. Long-term sustained release implants are well-known to
those of ordinary skill in the art and include some of the release systems described above.

Dosing

[0105] As stated above, an "effective amount"” refers to any amount that is sufficient to achieve
a desired biological effect. Combined with the teachings provided herein, by choosing among
the various active compounds and weighing factors such as potency, relative bioavailability,
patient body weight, severity of adverse side-effects and preferred mode of administration, an
effective prophylactic or therapeutic treatment regimen can be planned which does not cause
substantial unwanted toxicity and yet is effective to treat the particular subject. The effective
amount for any particular application can vary depending on such factors as the disease or
condition being treated, the particular compound of the invention being administered, the size
of the subject, or the severity of the disease or condition. One of ordinary skill in the art can
empirically determine the effective amount of a particular compound of the invention and/or
other therapeutic agent without necessitating undue experimentation. It is preferred generally
that a maximum dose be used, that is, the highest safe dose according to some medical
judgment. Multiple doses per day may be contemplated to achieve appropriate systemic levels
of compounds. Appropriate systemic levels can be determined by, for example, measurement
of the patient's peak or sustained plasma level of the drug. "Dose" and "dosage" are used
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interchangeably herein.

[0106] Generally, daily doses measured in terms of AmB will be, for human subjects, from
about 0.01 milligrams/kg per day to 1000 milligrams/kg per day. It is expected that oral doses
in the range of 0.5 to 50 milligrams/kg, in one or several administrations per day, will yield the
desired results. Dosage may be adjusted appropriately to achieve desired drug levels, local or
systemic, depending upon the mode of administration. For example, it is expected that
intravenous administration would be from one order to several orders of magnitude lower dose
per day. In the event that the response in a subject is insufficient at such doses, even higher
doses (or effective higher doses by a different, more localized delivery route) may be
employed to the extent that patient tolerance permits. Multiple doses per day are contemplated
to achieve appropriate systemic levels of compounds.

[0107] For any compound or composition described herein the therapeutically effective
amount can be initially determined from animal models. A therapeutically effective dose can
also be determined from human data for compounds of the invention which have been tested
in humans and for compounds which are known to exhibit similar pharmacological activities,
such as other related active agents. Higher doses may be required for parenteral
administration. The applied dose can be adjusted based on the relative bioavailability and
potency of the administered compound. Adjusting the dose to achieve maximal efficacy based
on the methods described above and other methods as are well-known in the art is well within
the capabilities of the ordinarily skilled artisan.

[0108] It will be understood by one of ordinary skill in the relevant arts that other suitable
modifications and adaptations to the compositions and methods described herein are readily
apparent from the description of the invention contained herein in view of information known to
the ordinarily skilled artisan, and may be made without departing from the scope of the
invention or any embodiment thereof.

EXAMPLES

[0109] Having now described the present invention in detail, the same will be more clearly
understood by reference to the following examples, which are included herewith for purposes
of illustration only and are not intended to be limiting of the invention.

[0110] Cell lines and growth conditions. NuLi, CuFi-1, and CuFi-4 cells (75) (Welsh Laboratory,
University of lowa) were first grown from cryostock on Thermo Scientific BioLite Cell Culture

Treated 75 cm? flasks, seeded at 1.5 x 10% cellsiem?, 1 x 103 cells/cm?, and 1 x 104
respectively. These flasks were previously coated with 3 mL of 60 ug/mL human placental
collagen type VI (Sigma-Aldrich) for a minimum of 18 hours at room temperature, rinsed twice
with PBS, and then dried prior to seeding. The cells were cultured with 12 mL of the Bronchial
Epithelial Cell Growth Medium (BEGM) BulletKit (Lonza CC-3170), which includes the basal
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media and eight SingleQuots of supplements (BPE, 2 mL; Hydrocortisone, 0.5 mL; hEGF, 0.5
mL; Epinephrine, 0.5 mL; Transferrin, 0.5 mL; Insulin, 0.5 mL; Retinoic Acid, 0.5 mL;
Triiodothyronine, 0.5 mL). The gentamycin-amphotericin B aliquot was discarded and the
media was instead supplemented with 50 ug/mL penicillin-streptomycin (Corning Cellgro), 50
pg/mL gentamycin (Sigma-Aldrich G1397), and 2 ug/mL fluconazole (Sigma-Aldrich).

[0111] Cells were grown to a 90% confluence at 37°C and 5% CO» with media changed every

2 days, and then trypsinized with 4 mL of standard 0.25% trypsin with 1 mM EDTA (Gibco
25200-056). Trypsin was inactivated with 10 mL of HEPES Buffered Saline Solution (Lonza
CC-5024) with added 1% bovine calf serum. Cells were spun down in an Eppendorf Centrifuge
5430 R at 1500 rpm for 5 minutes and resuspended in BEGM media for passaging.

[0112] For culturing onto membrane supports for differentiation, cells were resuspended after
centrifugation in Ultroser G media. This is composed of a 1:1 ratio of DMEM:Ham's F-12
supplemented with 2% V/V Ultroser G (Crescent Chemical). The membrane supports used

were Millicell 0.4 ym PCF inserts (0.6 cm?) (Millipore PIHP01250) for Ussing chamber studies
of candidate ionophores, Falcon® Permeable Support for 6 Well Plate with 0.4 ym Transparent

PET Membranes (4.67 cm?2) (Fisher 08-771) in 6-well companion plates (Fisher 08-771-24) for
pH-stat studies, and the Corning Costar 0.4 uym 24-well plate Transwell Clear Polyester

Membrane inserts (0.33 cm?) (Corning 3470) for all other studies. These membranes were
coated with collagen in the same manner as the flasks detailed above. The Millicell inserts
were seeded with 200,000 cells each, the Falcon inserts were seeded with 500,000 cells each,
and the Transwell inserts were seeded with 115,000 cells each. These membranes were
allowed to mature at an air-liquid interface for a minimum of 14 days to reach full differentiation
(15, 52), with the Ultroser G media changed every other day. At full maturation, media was
changed every 7 days. For covariate control, membranes used in experiments were close in
age and maturation as much as possible.

[0113] Primary cultures of airway epithelia. Airway epithelial cells were obtained from human
trachea and bronchi of CF and non-CF specimens obtained from the lowa Donor Network,
either as post-mortem specimens or from tissue deemed not fit for transplant. Studies were
approved by the University of lowa Institutional Review Board. After pronase enzymatic
digestion, cells were seeded onto collagen-coated semi-permeable membranes (0.33 - 1.12

cm?, Corning 3470 polyester, 3460 polyester, 3413 polycarbonate) and grown at an air-liquid
interface (52). Airway epithelial cell cultures were analyzed after they had differentiated and at
least 14 days post-seeding.

[0114] Statistics. No data were excluded. All data depicts the means + SEM with a minimum of
6 biological replicates. D'Agostino & Pearson normality test was used to confirm normal
distribution of data. Statistical analysis represents P values obtained from one-way ANOVA or
two-sided unpaired or paired student t-test where necessary. In cases where variance was not
homogenous between comparison groups, parametric t-test with Welch's correction was
performed to account for differences in variance. NS, not significant. * P <0.05, * P < 0.01, ™*
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P < 0.001, = P < 0.0001 unless otherwise noted. Based on pilot experiments, sample sizes
were chosen that adequately power each experiment to detect a difference in outcomes
between groups. No statistical methods were used to predetermine sample size. Epithelial
samples were manually assigned at random into control and experimental groups for each
experiment. Animals served as their own controls.

Example 1. Discovery of a small molecule that permeabilizes the apical membrane of
differentiated human lung epithelia to bicarbonate.

[0115] A series of natural products and synthetic compounds reported previously to
permeabilize liposomes, cells, and/or nasal epithelia of mice to anions (17-714) were tested
using an Ussing chamber and differentiated cultures of airway epithelia derived from an
immortalized airway epithelial cell line from a CF patient having the most common AF508/
AF508 genotype (CuFi-1) (15). The clinically approved antifungal natural product amphotericin
B (AmB) (Fig. 1, panel D) (716) was exceptionally effective in causing a change in short circuit
current. Little or no permeabilization of these same epithelia was observed with any of the
other compounds tested. This includes a single-atom-deficient synthetic derivative of AmB
(C35deOAmMB) that was previously shown to lack ion channel activity (77), thus making this
derivative an excellent negative control. The capacity for AmB and C35deOAmB to transport

bicarbonate across cholesterol-containing POPC liposomes was tested using an adapted '3C

NMR-based assay (78). Robust and rapid release of '3C-labelled bicarbonate from liposomes
treated with AmB was observed, but not from those treated with C35deOAmB (Fig. 1, panels E,
F).

[0116] AmB can be toxic to eukaryotic cells, and this toxicity has long been attributed primarily
to membrane permeabilization. Contrary to this model, it was recently determined that AmB
primarily kills cells by simply binding sterols; channel formation is not required (77, 79). This
enabled the separation of the ion channel activity of AmB from its cell kiling effects via
administering at low doses and/or pre-complexation with sterols. Using both of these
approaches, it was recently found that AmB can restore growth in protein ion channel-deficient
yeast (79, 20). The non-channel-forming variant C35deOAmMB failed to rescue yeast growth at
any tested concentration (77, 20). It was also found that the range of doses for which yeast
growth rescue is observed can be extended by more than an order of magnitude when AmB is
pre-complexed with ergosterol (19, 20).

Example 2. Examination of changes in ASL pH.

[0117] With this promising pair of small molecule probes in hand, the prediction that there will
be an actionable increase in pH gradient across the apical membrane in CF vs. normal lung
epithelia (Fig. 1, panels A, B) was tested. Fluorescent pH dyes (3, 4, 27) confirmed that relative
to differentiated epithelial monolayers derived from a normal individual (NuLi) (75), CuFi-1
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epithelia have both an increased intracellular pH (Fig. 2, panel A) and a reduced ASL pH (Fig.
2, panel B). Addition of a low concentration of AmB (2 uM) to the apical membrane of CuFi-1
epithelia caused a progressive increase in pH over 2 hours (Fig. 2, panel C). Remarkably, the
same increase in pH was then sustained for at least 48 hours. This contrasts sharply with the
transient effect on ASL pH caused by aerosolized bicarbonate buffer (3, 8). No increase in pH
was observed with apical addition of the non-channel-forming variant C35deOAmB or
basolateral addition of AmB (Fig. 2, panel D). AmB-treated CuFi-1 monolayers did not show an
increase in short circuit current in response to forskolin/IBMX, showing that the AmB-mediated
increase in ASL pH is not due to increasing CFTR activity/trafficking to the surface. AmB
addition also did not disrupt membrane integrity.

[0118] The AmB-mediated increase in ASL pH in CuFi-1 epithelia reaches a maximum at 2 yM
and then decreases at higher concentrations (Fig. 2, panel E). Suspecting that this loss of
activity at higher concentrations may be due to toxic cholesterol binding activity (17, 19), a pre-
formed an AmB:cholesterol complex was utilized in this concentration dependence experiment.
A similar increase in ASL pH was observed and then sustained even up to very high
concentrations of AmB (100 uM) (Fig. 2, panel E). The same pattern was previously observed
upon progressively increasing CFTR protein expression (22-24). The clinically approved
liposomal formulation AmBisome was then tested in this same assay. AmBisome includes AmB
and cholesterol at a ratio of 1:2.5 (AmB:cholesterol). Excellent restoration of ASL pH was
observed that was sustained up to 100 uM (Figs. 5 and 6). This invariance of ASL pH with
increasingly high concentrations of detoxified channels (Fig. 2, panel E) and the sustained
AmB-mediated increase in ASL pH over time (Fig. 2, panel C) collectively suggest that this
small molecule may be interfacing with a robust auto-regulatory network that controls ASL pH.

Example 3. Investigation of different CF genotypes.

[0119] To investigate whether this AmB-mediated increase in ASL is genotype-agnostic, results
using AmB were compared to ivacaftor, which is a genotype-specific treatment. Ivacaftor is a
clinically approved small molecule that potentiates the activity of CFTR with a specific mutation
(G551D) that causes a gating defect and is present in 2-4% of CF patients. In primary
sinonasal epithelia from a patient with a G551D mutation, ivacaftor increased ASL pH by 0.20
units and decreased viscosity by about 1.5 units relative to untreated controls (25). In large-
scale clinical trials with CF patients having at least one G551D allele, ivacaftor had a
substantial positive impact, causing a 10% increase in forced expiratory volume and
substantially improved body weight, quality of life, and incidence of pulmonary exacerbation (2,
26, 27). This compound does not show benefit in CF epithelia that lack a G551D or similar
allele.

[0120] As expected, treatment of CuFi-1 epithelia (AF508/AF508) with ivacaftor showed no
increase in ASL pH (Fig. 2, panel D). Consistent with the aforementioned clinical data (2, 26,
27) (25) treating CuFi-4 epithelia (G551D/AF508) (25) with ivacaftor caused a 0.2 unit increase
in ASL pH (Fig. 2, panel F). In contrast with these genotype-specific results, treatment with
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AmB increased the ASL pH in both CuFi-1 (Fig. 2, panel B) and CuFi-4 epithelia (Fig. 2, panel
F). It is notable that when compared head-to-head, pharmacologic activation of CFTR and
apical addition of AmB channels caused the same ~0.2 unit increase in ASL pH (Fig. 2, panel
G). The AmB-mediated increase in ASL pH in CuFi-1 was of similar magnitude (Fig. 2, panel
B). This further suggests that the small molecule channels may interface with the same
endogenous auto-regulatory networks that interface with CFTR to define a maximum ASL pH
value.

Example 4. Role of AmB in promoting bicarbonate ion membrane efflux.

[0121] The inventors hypothesized that AmB mediates this increase in ASL pH by promoting
the efflux of bicarbonate ions across the apical membrane. AmB is also permeable to protons
(20) and thus the promotion of proton absorption represented an alternative or complementary
mechanistic possibility.

[0122] To probe this, pH-stat experiments were performed in large NuLi and CuFi-1 epithelial
monolayers either in the presence of basolateral that contains bicarbonate or is bicarbonate-
free (Fig. 3, panel A) (28). As expected, it was observed that a decrease in rate of
alkalinization in CuFi-1 vs. NuLi epithelia. In the presence of basolateral bicarbonate (25 mM),
addition of AmB increased the rate of apical chamber alkalization of CuFi-1 epithelia in a dose-
dependent fashion (Fig. 3, panel A). In contrast, in the presence of bicarbonate free
basolateral buffer, no change in rate of apical alkalinization was observed with any tested
concentration of AmB (Fig. 3, panel A). These findings are consistent with bicarbonate efflux
and not proton influx underlying the AmB-mediated increase in ASL pH.

[0123] To further probe whether AmB promotes bicarbonate export, the basolateral buffer was
spiked with 14C bicarbonate and the amount of radiolabel that reaches the ASL over 10

minutes was quantified. As expected, relative to NuLi, there is a substantial reduction 4C
bicarbonate transport in CuFi-1 epithelia (Fig. 3, panel B). Apical addition of AmB increased the

rate of 14C bicarbonate to match that observed in NuLi epithelia (Fig. 3, panel B). The channel-
inactivated derivative C35deOAmMB and basolateral addition of AmB caused no increase ASL

14C bicarbonate (Fig. 3, panel B).

[0124] Experiments were conducted to determine whether this AmB-mediated increase in
bicarbonate efflux is genotype-agnostic. As expected, ivacaftor increased the rate of
bicarbonate efflux in CuFi-4 (Fig. 3, panel C) but not CuFi-1 monolayers (Fig. 3, panel B). In
contrast, AmB was effective in both genotypes (Fig. 3, panels B and C). Consistent with the
findings for ASL pH (Fig. 2, panel F), pharmacological activation of CFTR and AmB caused the
same increase in rate of bicarbonate efflux in CuFi-4 epithelia (Fig. 2, panel C). These results
collectively support bicarbonate transport underlying the AmB-mediated increase of ASL pH,
and further suggest that the small molecule channels interface with the same auto-regulatory
networks that normally include CFTR.
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[0125] One potential mechanism for such autoregulation is the rate of bicarbonate import
through the basolateral membrane, which is primarily driven by a sodium gradient created by

Na*/K* ATPase. The tissue-specific activity of Na*/K* ATPase is largely regulated by the FXYD
family of proteins, and is modulated based on physiological stimuli (29). Previous studies

showed that FXYDS5 is increased threefold and Na*/K* ATPase activity is increased twofold in
CF vs. non-CF epithelial cells (29, 30). Potassium influx into yeast through Trk transporters is
similarly driven by a proton gradient generated by V-ATPase and Pma1, and AmB-mediated
growth rescue in Trk-deficient yeast is highly sensitive to V-ATPase or Pma1 chemical inhibition
(20). The inventors determined that the AmB-mediated rescue of ASL pH in CF epithelia would

be mitigated by chemically blocking Na*/K* ATPase. Adding ouabain to basolateral buffer of
CuFi-1 epithelia in fact abolished the AmB-mediated increase in rate of basolateral-to-apical

14C bicarbonate transport and increase in ASL pH (Fig. 3, panels D, E).

Example 5. Application to primary human airway epithelia.

[0126] To determine if the capacity for AmB to restore ASL pH in a genotype-agnostic manner
translates to primary human airway epithelia, samples from 9 CF patient donors representing a
wide range of different CFTR mutations were obtained. These include multiple patients with the
most common AF508/AF508 genotype, a double null genotype (R553X/E60X, patient 6) that
results in virtually no CFTR protein produced, a rare splice site allele (AF508/1717-1G->A,
patient 7), and some rare, uncategorized alleles (AF508/c.2052dupA, patient 8 and
D259G/V520F, patient 9) (37). The V520F allele in patient 9 is in the same functional category
as G551D but is refractory to treatment with ivacaftor (26).

[0127] AmB caused an increase in ASL pH across a wide range of different genotypes (Fig. 4,
panel A). On average, AmB increased ASL pH by 0.2 pH units, consistent with our results in
CuFi-1 and CuFi-4 epithelia (Fig. 2) and consistent with data observed upon treating biopsied
airway epithelia from a CF patient with a G551D allele with ivacaftor (25). C35deOAmB and
basolateral addition of AmB did not increase ASL pH. AmB treatment had no effect on the pH
of non-CF primary cultured epithelia, consistent with selective action in the absence of CFTR
and an associated pH gradient. This AmB-mediated increase in the ASL pH is also sustained
for at least 48 hours (Fig. 4, panel C), suggesting that auto-regulation of bicarbonate transport
and pH is likely maintained in these AmB-treated CF patient-derived primary lung epithelia.

[0128] Genetically diverse primary cultured human CF epithelia were tested to see whether a
single treatment with AmB leads to decreased viscosity in the ASL at the 48 h time point. AmB
decreased ASL viscosity across a wide range of patient genotypes (Fig. 4, panel D). The
average magnitude of viscosity reduction (~1.5 units) matches that previously observed with
ivacaftor-treated primary sinonasal epithelia from a CF patient with a G551D allele (25).

[0129] At the same 48 h timepoint the capacity for the ASL of genetically diverse primary CF
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epithelia was tested without or with AmB treatment to kill bacteria. This was conducted by
briefly touching the ASL with a gold grid coated with Staphylococcus aureus, which were
confirmed to be insensitive to direct kiling by AmB, and then determining the percentage of
bacteria killed (3). Treatment with AmB increased antibacterial activity for a diverse range of
patient genotypes, including the most common AF508/AF508 genotype, a double null mutation
(R553X/E60X), and some rare uncategorized alleles (AF508/c.2052dupA and D259G/V520F).
On average, AmB treatment nearly doubled ASL bacterial kiling (Fig. 4, panel E), whereas
C35deOAmMB had no effect.

[0130] Next it was tested whether AmB could restore key aspects of airway host defense in
differentiated primary cultures of human airway epithelia. Epithelia from 9 donors with CF
representing different CFTR mutations was studied, including some that yield no CFTR (Fig. 4,
panel A, Fig. 13, panel A). Apical AmB increased ASL pH -0.2 pH units (Fig. 4, panel A) and
this effect was sustained for at least 48 hours (Fig. 4, panel C). C35deOAmB and basolateral
AmB did not increase ASL pH (Fig. 13, panel B).

[0131] ASL viscosity was increased and antibacterial activity was decreased in cultures of CF
airway epithelia (4, 7, 48). Non-CF lung epithelia has been shown to have a viscosity 2.5 times
that of saline (4). Apical addition of AmB to a panel of genetically diverse primary cultures of
CF epithelia decreased ASL viscosity (Fig. 4, panel D, Fig. 13, panel D) to a degree that
matched observations with ivacaftor in primary CFTR-G5571D sinonasal epithelia (25). Non-CF
lung epithelia has been shown to kill 45% of exposed bacteria (4). AmB addition also nearly
doubled ASL bacterial kiling (Fig. 4, panel E, Fig. 13, panel E), whereas C35deOAmMB had no
effect (Fig. 13, panel F). AmB alone does not have antibacterial activity against S. aureus (Fig.
13, panel G).

Example 6. AmB increased H'CO5 secretion and ASL pH in cultured CF airway
epithelia.

[0132] Studies have demonstrated that HCO3™ secretion can enhance airway host defense (4,
36, 40) by increasing ASL pH (3, 4), decreasing ASL viscosity (4, 7, 25), increasing activity of
antimicrobial factors (4), maintaining ASL volume homeostasis (47), counteracting local
environment acidification by Pseudomonas aeruginosa (5), and dissipating proton motive
forces in Gram-positive and Gram-negative bacteria (42). The electrochemical gradient across

the apical membrane favors HCO43™ secretion; HCO3 is accumulated intracellularly through the
integrated activity of Na*/K* ATPase (30), H*/K* ATPase (4), K* channels, Na*/HCO5

transporters (NBC), and Na*/H* antiporters, as well as carbonic anhydrase (43). Thus, when
CFTR opens, HCOj3™ flows into the ASL, raising ASL pH. In the absence of CFTR, intracellular

[HCO437] is maintained (44) and this gradient for HCO3™ exit persists, even increasing as ASL pH

falls due to decreased HCO5™ in the ASL. It was reasoned that the resulting site- and direction-
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selective build-up of HCO3™ gradients in the epithelia of people with CF can permit even a

relatively unselective small molecule HCO3™ transporter to restore basolateral-to-apical HCO3™

flux and thus airway host defenses in CFTR-deficient epithelia. It was recently determined that
an unselective small molecule iron transporter is sufficient to restore hemoglobinization in cells
and animals that are deficient in iron-transport proteins, and this tolerance for lack of selectivity
was mechanistically linked to the site- and direction-selective build-up of iron gradients in
membranes that normally host the missing proteins (23).

[0133] AmB is a small molecule natural product that forms monovalent ion channels that are
unselective for anions vs. cations. It is prescribed as an antifungal, but it has significant toxicity
to humans (76). It was recently found that its cytotoxicity is primarily due to sterol extraction
from membranes, not channel formation (77, 19). In the presence of lipid bilayers, AmB
primarily forms large extramembranous aggregates that extract sterols, likely in dynamic
equilibrium with a small amount (<5%) of membrane-inserted ion channels. Cytotoxicity only
occurs when the molar ratio of AmB exceeds that of membrane sterol (17, 79). These
mechanistic insights allowed its channel activity to be rationally separated from cytotoxicity by
using either low concentrations of AmB that form ion channels but do not extract significant
amounts of sterol, or by pre-complexing AmB to sterols (77, 19, 20). Although AmB forms ion
channels that are permeable to both cations and anions, it restores potassium transport and
thus growth in yeast missing the potassium-selective Trk transporters (20). In contrast, a
synthetic single atom-deficient derivative that lacks ion channel activity (C35deOAmMB) did not
(17, 20). It was hypothesized that in the alternative context of a favorable electrochemical

gradient for transmembrane HCO43 secretion and a robust network of selective pumps and

channels for counteracting the transport of cations, apical AmB channels would restore HCO3"

secretion and thus ASL host defenses to CF epithelia.

[0134] AmB is known to transport monovalent anions and cations (Fig. 9, panels A-D), but

permeability to HCO3™ had not been tested. It was found that AmB, but not C35deOAmMB,

caused H'3COj5 efflux across cholesterol-containing POPC liposomes (Fig. 9, panels E-H).

[0135] A low concentration of AmB increased ASL pH and H'4CO5 secretion in CuFi-4
(G551D/AF508) CF airway epithelia (Fig. 7, panels A, B). pH-stat experiments indicates that

HCOg3 secretion, rather than proton absorption, primarily underlies the AmB-mediated increase

in ASL pH (Fig. 10, panel A). For comparison, ivacaftor was tested, which increased the open
state probability of CFTR (47) and improved FEVi in people with CF carrying a G551D or
similar residual function mutation (27). The quantitative effects of ivacaftor on ASL pH and

H14CO5 secretion were similar to those of AmB (Fig. 7, panels A, B). Though AmB is capable
of transporting both anions and cations, ASL concentrations of potassium and sodium were
unchanged as compared to vehicle-treated controls (Fig. 10, panels B-E). This can be due to
compensatory action of the robust network of cation pumps and channels in airway epithelia.
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[0136] Ivacaftor does not correct the non-membrane localized AF508-CFTR defect (47), and it
failed to increase ASL pH or H'4CO3 secretion in CuFi-1 (AF508/AF508) epithelia (Fig. 7,

panels C, D). In contrast, AmB, which operates independently of the CFTR protein, increased
both (Fig. 7, panels C, D). No increase in ASL pH was observed with apical addition of AmB to
non-CF (NulLi) epithelia (Fig. 7, panel E), which suggests a dependence upon the presence of
pathophysiologic electrochemical gradients. For all experiments herein, AmB was left on the
epithelia for the duration of the experiment. AmB progressively increased ASL pH over 2 hours,
and the effect was sustained for at least 48 hours in these in vitro experiments (Fig. 7, panel

F). The AmB-mediated increase in H'4CO3 secretion in CuFi-1 epithelia is sustained for at

least 7 days (Fig. 11, panels A-C). These results contrast with the transient increase in pH (~15
minutes) produced by aerosolized NaHCO3 (8). C35deOAmMB and basolateral addition of AmB

did not raise ASL pH or increase H'4CO3 secretion, suggesting that this effect is specific to

apically localized AmB channels (Fig. 7, panels C, D).

[0137] AmB-treated CuFi-1 epithelia did not respond to chemical activation of CFTR,
suggesting that AmB did not promote trafficking of AF508 CFTR to the apical membrane (Fig.
11, panels D-1). AmB addition also did not disrupt membrane integrity, as there was no
difference in transepithelial electrical resistance (R;) between CuFi-1 epithelia treated with

either vehicle, low (2 uM), or high (50 uM) doses of AmB over extended timeframes (Fig. 11,
panel J).

[0138] Another model of CF links ASL height to pathology (47). At baseline, it was observed
that CuFi-1 epithelia had decreased ASL height as compared to NulLi epithelia (Fig. 7, panel
G). Apical addition of AmB increased ASL height in CuFi-1 epithelia to match that of NulLi
epithelia (Fig. 7, panel G). Vehicle, C35deOAmMB, and basolateral AmB did not increase ASL
height (Fig. 7, panel G). These results suggest that AmB-based channels restore ASL volume
homeostasis despite their lack of ion selectivity.

[0139] Secretion of ions through apical channels depends on an electrochemical gradient and
that gradient is generated in large part by basolateral membrane transport proteins. It was
showed that AmB-mediated growth rescue in Trk-deficient yeast is attenuated by chemical

inhibition of H* ATPases that drive secondary K* influx (20). A study showed that secretion of
chloride ions through peptide channels in the apical membrane of T84 cell monolayers was
mitigated by blocking potassium channels on the basolateral membrane (37). It was predicted
that inhibiting basolateral transport in CF airway epithelia could similarly prevent AmB-

mediated anion secretion. Inhibiting the basolateral Na*/K* ATPase with ouabain abolished the

AmB-mediated increase in ASL pH and H'4CO3 secretion (Fig. 7, panels H, 1). In addition,

inhibiting the basolateral Na*/K*/2CI- transporter with bumetanide decreased ASL height in
NuLi epithelia and abolished the AmB-mediated increase in ASL height observed in CuFi-1
epithelia (Fig. 7, panel G, Fig. 12). These results indicate that apical AmB channels functionally
interface with endogenous basolateral proteins that drive anion secretion, as AmB-mediated
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phenomena depend on their activity.

Example 7. AmBisome® increased ASL pH in cultured CF airway epithelia and in CFTR™-
pigs.

[0140] It was observed in CuFi-1 epithelia that ASL pH increased and then fell with
progressively increasing concentrations of AmB (Fig. 8, panel A). Based on studies in yeast
(17, 19, 20), it was hypothesized that a pre-formed AmB:cholesterol complex would mitigate
any potential sterol binding-mediated effects that could contribute to the drop in efficacy at
higher concentrations of AmB. Accordingly, it was found that a pre-formed AmB:cholesterol
(1:5) complex increased ASL pH up to the maximum concentration of AmB tested (100 pM)
(Fig. 8, panel A)

[0141] With a goal of testihg AmB in vivo, AmBisome® was evaluated, an FDA-approved
liposomal formulation that contains AmB and cholesterol in a 1:2.5 ratio (49). AmBisome®
increased H'3CO45™ efflux in liposomes (Fig. 14, panel A) and increased ASL pH and H'4CO5
secretion in CuFi-1 epithelia measured 2 and 48 hours after addition (Fig. 8, panels B, C, Fig.

14, panels B, C). Moreover, AmBisome® increased ASL pH over a large range of AmBisome ®
concentrations from 6-2450 ug/mL, equivalent to 0.25-100 uM AmB (Fig. 14, panel C).

[0142] To assess the ability of AmBisome® to restore ASL pH in vivo, a porcine model of CF
was used (8). It was shown that the ASL pH of CFTR™ pigs does not increase without

intervention with aerosolized HCO3™ or tromethamine buffer (8), and the ASL pH of non-CF

pigs is about 7.25 (4). Administrating 60 uL of a 1 mg/mL AmBisome® solution through a

--

tracheal window to 1 cm? surface of airway increased ASL pH in CFTR™" pigs (Fig. 8, panel D).

[0143] These results indicate that a small molecule ion channel can permeabilize the apical

membrane of CF airway epithelia to HCO3™ and restore ASL pH, viscosity, and antibacterial

activity, key components of airway host defenses. CFTR selectively conducts anions, whereas
the AmB channel conducts both monovalent anions and cations. Thus, AmB is an imperfect
substitute for a CFTR anion channel. However, the robust mechanisms that create an
electrochemical driving force for anion secretion establish a setting in which a non-selective
channel is sufficient to support anion secretion, the fundamental defect in CF airway epithelia.
Other mechanisms may also contribute to the observed AmB-mediated increase in

transepithelial HCO3™ transport, such as the coupling of AmB-mediated chloride secretion to

HCOj5™ secretion by anion exchangers and other apical membrane protein anion channels (50).
These findings reveal a CFTR-independent and thus genotype-independent approach for
treating people with CF, including those with nonsense and premature termination codons that
produce little or no CFTR. Because this mechanism is distinct, there is also potential for
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additive effects with CFTR modulators (27, 47). Moreover, AmB is an already clinically

approved drug that could be beneficial for people with CF, and AmBisome® is safely delivered
to the lungs to treat pulmonary fungal infections without producing significant systemic
exposure (49, 57).

[0144] Therefore, apical addition of an unselective ion channel-forming small molecule,

amphotericin B (AmB), restored HCO5™ secretion and increased ASL pH in cultured human CF

airway epithelia. These effects required the basolateral Na*/K* AT Pase, indicating that apical
AmB channels functionally interfaced with this driver of anion secretion. AmB also restored ASL
pH, viscosity, and antibacterial activity in primary cultures of airway epithelia from people with
CF caused by different mutations, including ones that yield no CFTR, and increased ASL pH in
CFTR null pigs in vivo. Thus, an unselective small molecule ion channel can restore CF airway
host defenses via a mechanism that is CFTR-independent and therefore genotype-
independent.

Example 8. Studies of Na*, K*, CI, and H'3CO5 efflux from POPC liposomes (Fig. 9,
panels A-D; Fig. 13, panel A).

[0145] General information. Palmitoyl oleoyl phosphatidylcholine (POPC) was obtained as a 25
mg/mL solution in CHCI3 from Avanti Polar Lipids (Alabaster, AL) and was stored at -20 °C

under an atmosphere of dry argon and used within 3 months. Cholesterol (Sigma Aldrich) was

purified by recrystallization from ethanol. NaH'3CO3 was obtained as a white solid from Sigma

Aldrich. Sodium, potassium, and chloride measurements were obtained using a Denver
Instruments (Denver, CO) Model 225 pH meter equipped with the appropriate ion selective
probe inside a Faraday cage. Sodium selective measurements were obtained using an Orion
micro sodium electrode (Thermo 9811BN). Potassium selective measurements were obtained
with an Orion Potassium Sure-Flow Combination Electrode with Waterproof BNC connector
(Thermo 9719BNWP). Chloride selective measurements were obtained using an Orion
combination chloride electrode (Thermo 9617BNWP). For sodium efflux experiments,
measurements were made on 1.5 mL solutions that were magnetically stirred in 7 mL vials
incubated at 23 °C. For chloride and potassium efflux experiments, measurements were made
on 4 mL solutions that were magnetically stirred in 20 mL vials incubated at 23 °C. For sodium,
potassium, and chloride efflux experiments, the concentration of each ion was sampled every

10 seconds throughout the course of the efflux experiments. 13C NMR spectra for HCO3™ efflux
experiments were acquired on a Varian Inova 600MHz NMR spectrometer with a Varian 5 mm

broadband autox probe. The 13C frequency was set to 150.83 MHz, and spectral width was
37037 Hz. The instrument was locked on D>O. Experimental conditions were: acquisition time,

0.93 s; 30° pulse width, 3.3 us; relaxation delay, 0.2 s; number of scans, 256; temperature 23

°C. The inverse-gated 13C spectra were collected.
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[0146] Liposome preparation. Prior to preparing a lipid film, this solution was warmed to
ambient temperature to prevent condensation from contaminating the solution and degrading
the lipid film. 42 mg of solid cholesterol was added to a 20 mL scintillation vial (Fisher
Scientific), followed by 14 mL of POPC solution. The solvent was removed with a gentle stream
of nitrogen, and the resulting lipid film was stored under high vacuum for a minimum of twelve
hours prior to use. For sodium efflux experiments, the film was rehydrated with 2 mL of 250
mM NaHCOj;, 40 mM HEPES buffer, pH 7.5 and vortexed vigorously for approximately 3

minutes to form a suspension of multilamellar vesicles (MLVs). For potassium efflux
experiments, the film was rehydrated with 2 mL of 250 mM KHCO3;, 40 mM HEPES buffer, pH

7.5. For chloride efflux experiments, the film was rehydrated with 2 mL of 250 mM NacCl, 40
mM HEPES buffer, pH 7.5. For HCO5™ efflux experiments, the film was rehydrated with 2 mL of

250 mM NaH'3CO3, 40 mM HEPES buffer, pH 7.5 (D,0). To obtain a sufficient quantity of large

unilamellar vesicles (LUVs), at least two independent lipid film preparations were pooled
together for the subsequent formation of LUVs. The lipid suspension was then subjected to 15

freeze-thaw cycles as previously described for H'3CO3 liposomes. Multiple 1 mL preparations

were pooled together for the dialysis and subsequent efflux experiments. The newly formed
LUVs were dialyzed using Pierce (Rockford, IL) Slide-A-Lyzer MWCO 3,500 dialysis cassettes,
15 mL capacity. The LUV suspension was dialyzed 3 times against 600 mL of 62.5 mM
MgSO,4, 40 mM HEPES buffer, pH 7.3. The first two dialyses were two hours long, while the

final dialysis was performed overnight.

[0147] Determination of total phosphorus was adapted (53). The LUV solution was diluted
fortyfold with 87 mM NaySO,4 in 40 mM HEPES buffer pH 7.3 (D,O). Three 10 yL samples of

the diluted LUV suspension were added to three separate 7 mL vials. Subsequently, the
solvent was removed with a stream of N». 450 pL of 8.9 M H,SO,4 was added to each dried

LUV film, including a fourth vial containing no lipids that was used as a blank. The four samples
were incubated open to ambient atmosphere in a 225 °C aluminum heating block for 25 min
and then moved to 23 °C and allowed to cool for 5 minutes at room temperature. After cooling,
150 pL of 30% w/v aqueous hydrogen peroxide was added to each sample, and the vials were
returned to the 225 °C heating block for 30 minutes. The samples were then moved to 23 °C
and allowed to cool for 5 minutes at room temperature before the addition of 3.9 mL water.
Then 500 uL of 2.5% w/v ammonium molybdate was added to each vial, and the resulting
mixtures were then vortexed briefly and vigorously five times. Subsequently, 500 uL of 10% wiv
ascorbic acid was added to each vial, and the resulting mixtures were then vortexed briefly and
vigorously five times. The vials were enclosed with a PTFE lined cap and then placed in a 100
°C aluminum heating block for 7 minutes. The samples were moved to 23 °C and allowed to
cool for approximately 15 minutes at room temperature to 23 °C prior to analysis by UV/Vis
spectroscopy. Total phosphorus was determined by observing the absorbance at 820 nm and
comparing this value to a standard curve obtained through this method and a standard
phosphorus solution of known concentration.

[0148] Efflux from LUVs. For sodium, potassium, and chloride efflux experiments, the pooled
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LUV suspension was diluted to 70 mM with 62.5 mM MgSO,4, 40 mM HEPES buffer, pH 7.3.

The LUV suspension (1.5 mL for sodium, and 4 mL for chloride and potassium) was added to
either a 7 mL or 20 mL vial and gently stirred. The appropriate probe was inserted, and data
were collected for one minute prior to addition of AmB. For sodium efflux experiments, 15 pL of
either vehicle or AmB (70 uM final concentration, 100X stock solution in DMSO) was added to
1.5 mL of LUV suspension, and data were collected for 10 minutes. To effect complete ion
release, 15 uL of a 30% v/v solution of Triton X-100 was added, and data were collected for an
additional five minutes. For chloride and potassium efflux experiments, 40 pL of either vehicle
or AmB (70 pM final concentration, 100X stock solution in DMSO) was added to 4 mL of LUV
suspension, and data were collected for 10 minutes. To effect complete ion release, 40 uL of a
30% v/v solution of triton X-100 was added, and data were collected for an additional five

minutes. For HCOj5 efflux experiments, 5 pyL of either DMSO or sterile water vehicle,

AmB:Chol, or AmBisome® (70 uM AmB, 100X stock in DMSO or sterile water) was added to
500 uL of the pooled LUV suspension in a New Era (Vineland, NJ) 5 mm NMR sample tube,
and consecutive FIDs were acquired for 60 minutes. 5 uL of a 30% v/v solution of triton X-100
was added to effect complete ion release.

[0149] The efflux data from each run was normalized to the percent of total ion release from 0
to 100%. For HCO43" efflux experiments, after lysis of the liposome suspension, the integration
of the signal corresponding to extravesicular HCO3 relative to the integration of the '3C
glucose standard was scaled to correspond to 100% efflux. For each experimental run with

AmB addition, the signal corresponding to extravesicular HCO3™ was integrated relative to the

13C internal standard for each FID. The scaling factor S was calculated for each experiment
using the following relationship:

[ [Ion]final

—-11-5 =100
[lonlinitiar ]

[0150] Each data point was then multiplied by S before plotting as a function of time.

Example 9. Studies of H" efflux from POPC liposomes (Fig. 9, panel D).

[0151] Proton efflux from POPC/10% cholesterol liposomes was determined as described
above (33).

Example 10. 3C NMR studies of H'3CO5 efflux from POPC liposomes (Fig. 9, panels E-
H).

[0152] Cholesterol-containing POPC lipid films were prepared as described above and stored
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under high vacuum for a minimum of twelve hours prior to use. The film was then hydrated

with 2 mL of 250 mM NaH'3CO3; in 40 mM HEPES buffer pH 7.5 (D,0), and vortexed

vigorously for approximately 3 minutes to form a suspension of multilamellar vesicles (MLVs).
The lipid suspension was then subjected to 15 freeze-thaw cycles, where the suspension was
alternatingly allowed to freeze in a liquid nitrogen bath, followed by thawing in a 50 °C water
bath. The resulting lipid suspension was pulled into a Hamilton (Reno, NV) 1 mL gastight
syringe and the syringe was placed in an Avanti Polar Lipids Mini-Extruder. The lipid solution
was then passed through a 5.00 uym Millipore (Billerica, MA) polycarbonate filter 35 times, the
newly formed LUV suspension being collected in the syringe that did not contain the original
suspension of MLVs to prevent the carryover of MLVs into the LUV solution. To obtain a
sufficient quantity of LUVs, two independent 1 mL preparations were pooled together for the
dialysis and subsequent efflux experiments. The newly formed LUVs were dialyzed using
Pierce (Rockford, IL) Slide-A-Lyzer MWCO 3,500 dialysis cassettes, 3 mL capacity. The LUV
suspension was dialyzed 10 times against 300 mL of 87 mM Na>SO4 in 40 mM HEPES buffer

pH 7.3 (H,O) with stirring. The first dialysis was four hours long, while the subsequent nine

dialyses were performed for 1 hour. Determination of phosphorous content was performed as
described above.

[0153] The pooled LUV solution was diluted to 70 mM with 87 mM Na>SO4, 40 mM HEPES
buffer, pH 7.3 (D;0), and 0.025% (w/v) 13C D-glucose (1-'3C) (Sigma Aldrich) was added as

an internal standard. '3C NMR spectra were acquired on a Bruker Avance Ill HD 500 MHz

NMR spectrometer equipped with a 5 mm BBFO CryoProbe. The '3C frequency was set to
125.83 MHz, and spectral width was 31,512 Hz. The instrument was locked on D5O.

Experimental conditions were: acquisition time, 0.93 s; 30° pulse width, 3.3 us; relaxation
delay, 0.2 s; number of scans, 256; temperature 23 °C.

[0154] For each experiment, 1.4 uL of vehicle, AmB, or C35deOAmB (17.5 uM final
concentration, stock solution was 100 times more concentrated in DMSO) was added to 140
ML of the liposome suspension. The liposome suspension was immediately transferred to a
New Era (Vineland, NJ) micro NMR sample tube (3 mm lower/5 mm upper), and 8 consecutive
free induction decays (FIDs) were obtained as described above. For experimental runs with
MnCls, 5 pL of a 50 mM MnCl, solution was added after the addition of AmB. To effect

complete ion release, 10 pL of a 30% (v/v) solution of triton X-100 (Sigma Aldrich) was added
to the liposome suspension before data acquisition (15, 54-56).

Example 11. Measurement of ASL pH in cell line and primary cultures of airway epithelia
(Fig. 7, panels A, C, E, G; Fig. 4, panels A, C, E; Fig. 8, panels A-B; Fig. 11, panel D; Fig.
13, panel C; Fig. 14, panels B-C).

[0155] Small diameter NuLi, CuFi, and primary cultured epithelia were used for this experiment

(0.33 cm?). The ratiometric pH indicator SNARF-conjugated dextran (Molecular Probes) was
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used to measure ASL pH. SNARF powder was suspended via sonication in perfluorocarbon
(FC-72, Sigma) and distributed onto the apical surface. ASL pH was measured 2 hr later (3, 4,
25). SNARF was excited at 488 nm and emission was recorded at 580 nm and 640 nm using a
Zeiss LSM 800 microscope at 40X water immersion for cell line cultures and a Zeiss LSM 510
microscope for primary cultures. To generate a standard curve for pH determination, SNARF
was dissolved in colorless pH standards and fluorescence ratios were converted to pH.

[0156] Agents tested in this assay were first lyophilized into powder and then suspended in the
appropriate volume of perfluorocarbon (FC-72, Sigma) and sonicated for 1 minute to suspend.
AmBisome should not be sonicated; instead, the fine powder was suspended by vortexing. 20

uL of this suspension was administered onto the surface of cultured airway epithelia (0.33 cm?)
at the following approximate concentrations in suspension:

amphotericin B 0.25-100 uM

amphotoricin B-cholesterol complex 0.5-100 yM
C35deOamphotericin B 2 uM (17)

10 mM ouabain (inhibition of Na+/K+ ATPase) (9)
10 uM forskolin/10 uM ivacaftor (25)

AmBisome 0.25-2450 pug/mL

[0157] In all experiments, ASL pH of compound-treated epithelia was measured compared the
results to vehicle-treated epithelia.

[0158] For apical AmB administration, cultured airway epithelia were incubated for 30 min - 48
hrs at 37°C before measurement of ASL pH. For AmB-cholesterol complex and C35deOAmMB
administration, cultured airway epithelia were incubated for 48 hrs at 37°C before

measurement of ASL pH. To test the effect of Na*/K* ATPase inhibition, AmB was administered
47 hours prior to 10 mM ouabain addition, and cultured airway epithelia were incubated for an
additional 1 hr at 37°C before measurement of ASL pH. For 10 pM ivacaftor/10 uM forskolin
administration, cultured airway epithelia were incubated for 2 hrs at 37°C before measurement
of ASL pH (25). For basolateral AmB administration, a 2 mM stock of AmB in DMSO was
diluted 1000-fold to a final concentration of 2 yM in USG media. The basolateral media of
cultured airway epithelia was replaced with the AmB-containing USG media and incubated for
48 hrs at 37°C before measurement of ASL pH.

Example 12. pH-stat titration of NuLi and CuFi monolayers (Fig. 4, panel A).
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[0159] Large diameter NuLi and CuFi-1 cultured epithelia were used for this experiment (4.67

cm?). These cultures were mounted in a dual-channel Ussing chamber (Warner U2500) using
the culture cup insert for Transwell adapter, 24mm (U9924T-24). The membranes were bathed
at 37°C on the apical side with a buffer-free solution (140 mM NaCl, 2 mM KCI, 2 mM CaCl,,

and 1 mM MgCly, 15 mM dextrose, gassed with air) and on the basolateral side with either a
HCO3™ buffer (120 mM NaCl, 25 mM NaHCO3, 5 mM KCI, 2 mM CaCl,, 1.2 mM MgCl,, 13.75

NaH5POy4, 5.6 mM dextrose, pH adjusted to 7.0) or a HCO3™-free buffer (140 mM NaCl, 2 mM
KCI, 2 mM CaCly, 1 mM MgCl,, 10 mM HEPES, 5 mM dextrose, pH adjusted to 7.0). A

microdiameter pH electrode (89231-590) and temperature probe (Radiometer Analytical T201
Temperature Sensor, E51M001) and titration burette attached to a Hach TIM856 NB
pH/EP/Stat pH-STAT Titrator (R41T028) were inserted into the apical chamber. The basolateral
chamber was covered with the chamber lid to prevent gas exchange. The pH electrode was
then calibrated using known pH solutions (Hach, S11M002, S11M004, S11M007).

[0160] The apical pH was titrated to a target pH of 6.0 using 1 mM HCI as titrant (min speed
0.25 mL/min, max speed 0.35 mL/min) (28, 57-59). Acid titration was measured over 20
minutes to establish a baseline value for the cultured epithelia (max speed 2 mL/min). Both
apical and basolateral bathing solutions were then removed. A stock solution of AmB in DMSO
was added to a final concentration of 0.5, 1, or 2 uM in an aliquot of buffer-free solution and

added to the apical chamber, and the basolateral chamber was replaced with fresh HCO3™ or

HCO5™-free buffer. The apical pH was once again titrated to a target pH of 6.0 using 1 mM HCI

as titrant. Acid titration was then measured over another 20 minutes to evaluate AmB-mediated
pH change in the apical solution.

[0161] Data was plotted as nmoles of H™ titrated in per minute, and the slope of this curve was
divided by the area of the culture (4.67 cm?) to obtain the rate of acid titration (nmoles

H*/min/cm?).

Example 13. Determination of ASL Na*, K, Mg2+, and Ca?* concentrations in CuFi-1
monolayers (Fig. 10, panels B-E).

[0162] Small diameter CuFi-1 cultured epithelia were used for this experiment (0.33 cm?). 24
hours prior to the start of experiment, the apical side of all cultured epithelia was rinsed three
times with 200 yL warm PBS to remove excess mucus. Fresh USG media was added to the
basolateral membrane. CuFi-1 epithelia were treated with either perfluorocarbon (FC-72)
vehicle or 2 yM AmB suspended in FC-72, and incubated at 37 °C for 48 hours. 0.1 pL
capacity microcapillary tubes (Drummond Scientific NC1453214) were placed into 200 pL
pipette tips (Denville Scientific P1122). 48 hours after AmB addition, the microcapillary tubes
were gently touched around the edge of the apical membrane of each epithelial culture insert
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until completely filled with ASL via capillary action. After collecting 0.1 uL of ASL, a p200 pipette
was used to push the entire sample into 15 pL of molecular biology grade water (Corning 46-
000-CM). The sample was then quantitatively transferred to a 15 mL capacity conical vial by
washing 3 times with 50 yL molecular biology grade water.

[0163] Quantification of sodium, magnesium, potassium, and calcium was accomplished using
inductively coupled plasma mass spectrometry (ICP-MS) of acidified samples. Each sample
was diluted to a final volume of 5 mL with 1.0% HNO3 (v/v) in double distilled water.

Quantitative standards were made using a mixed Na, Mg, K, and Ca standard at 100 pg/mL of
each element (Inorganic Ventures, Christiansburg, VA, USA) which were combined to create a
100 ng/mL mixed element standard in 1.0% nitric acid (v/v).

[0164] ICP-MS was performed on a computer-controlled (QTEGRA software) Thermo iCapQ
ICP-MS (Thermo Fisher Scientific, Waltham, MA, USA) operating in KED mode and equipped
with a ESI SC-2DX PrepFAST autosampler (Omaha, NE, USA). Internal standard was added
inline using the prepFAST system and consisted of 1 ng/mL of a mixed element solution

containing Bi, In, 6Li, Sc, Tb, Y (IV-ICPMS-71D from Inorganic Ventures). Online dilution was
also carried out by the prepFAST system and used to generate calibration curves consisting of
5000, 1000, 500, 100, and 50 ng/mL Na, Mg, K, Ca. Each sample was acquired using 1 survey
run (10 sweeps) and 3 main (peak jumping) runs (40 sweeps). The isotopes selected for

analysis were Na, 2*Mg, 3°K, 44Ca. and 89 (chosen as internal standards for data

interpolation and machine stability). Instrument performance is optimized daily through
autotuning followed by verification via a performance report (passing manufacturer
specifications).

Example 14. H#CO5 transport across NuLi and CuFi monolayers (Fig. 7, panels B, D, H;
Fig. 4, panel D; Fig. 11, panels A-C; Fig. 13, panel B).

[0165] Small diameter NuLi and CuFi cultured epithelia were used for this experiment (0.33

cm?). 14C-labeled sodium HCO3™ was obtained as a sterile 35.7 mM aqueous solution pH 9.5

(MP Biomedicals 0117441H). All experiments were run less than 2 months post seeding. Fresh
USG media was added to the basolateral side prior to experimentation. The apical membrane
was treated with 20 pL of vehicle, AmB, or ivacaftor/forskolin as a suspension in
perfluorocarbon-72 (Sigma Aldrich), and the cultured epithelia were incubated for 48 hours, 7
days, 14 days, or 28 days at 37 °C in a 5% CO, atmosphere. After the end of the treatment

period, 5 uL of a 1.4 mM H'4CO5 stock solution in USG media was added to the basolateral

media. The cultured epithelia were then incubated at 37 °C for 10 minutes. After 10 minutes,
the apical membrane of the cultured epithelia was immediately washed with 200 uL of PBS.
The ASL wash and a 200 uL aliquot of the basolateral media were diluted in scintillation
cocktail and analyzed via liquid scintillation counting (23).
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Example 15. Ussing chamber studies of NuLi and CuFi monolayers (Fig. 11, panels E-
G).

[0166] To assess the presence of membrane-expressed CFTR, differentiated cultures of NulLi
and CuFi-1 epithelia grown on Corning Costar 0.4 ym 24-well plate Transwell Clear Polyester
Membrane inserts were used. NulLi and CuFi-1 epithelia were treated with 20 uL of
perfluorocarbon (FC-72, Sigma) vehicle or 2 yM amphotericin B (AmB) sonicated into a
suspension in FC-72. After 48 hours of incubation, the epithelia were mounted in a dual-
channel Ussing chamber (Warner U2500) using the culture cup insert for Transwell adapter,
6.5 mm (Warner U9924T-06) and bathed on both the apical and basolateral sides with a

HCOg3™ solution (120 mM NaCl, 25 mM NaHCO3, 5 mM KCI, 2 mM CaCl,, 1.2 mM MgCl,, 13.75
mM NaH>POy4, pH 7.0) at 37°C and gassed with compressed air. Dextrose was added to this

solution immediately prior to experiments to a final concentration of 5.6 mM. Epithelial sodium
channel (ENaC) and calcium-activated chloride channel (CaCC) were inhibited by apical
addition of 1 yM amiloride and 1 uM DIDS (4,4'-disothiocyanostilbene-2,2'-disulfonic acid),
respectively, to achieve a baseline for permeabilization. 10 puM forskolin/100 uM IBMX (3-
isobutyl-1-methylxanthine) added apically was used to activate CFTR, and 1 yM CFTRjh-172

was used to inhibit CFTR. Each successive addition of reagent was allowed approximately 10
minutes to equilibrate before the addition of the next reagent (715).

Example 16. Measurement of transepithelial electrical resistance (Ry) (Fig. 11, panel H).

[0167] Small diameter CuFi-1 cultured epithelia were used for this experiment (0.33 cm?).
Cultured epithelia were treated with FC-72 vehicle, 2 and 50 yM AmB administered in
perfluorocarbon (FC-72, Sigma) for 48 hours, 7 days, or 28 days. 200 uL of fresh USG media
was placed on the apical side of the epithelia. Transepithelial electrical resistance (R;) was then

measured using a Millicel® ERS-2 Voltohmmeter across the apical and basolateral sides of the
epithelia in a snaking pattern for two technical replicates per biological replicate.

Example 17. Lactate dehydrogenase (LDH) assay (Fig. 11, panel l).

[0168] Small diameter CuFi-1 cultured epithelia were used for this experiment (0.33 cm?2). An
LDH Cytotoxicity Assay Kit (Cayman Chemical) was used to determine if AmB is toxic to CuFi-1
airway epithelia. Prior to treatment, media was removed from the basolateral side of epithelia
and replaced with 500 oL of fresh USG media. Cultured epithelia were then treated with FC-72
vehicle, 2 and 50 yM AmB administered in perfluorocarbon (FC-72, Sigma) for 48 hours, 7
days, or 28 days. 48 hours prior to the end of each experiment time frame, basolateral media
was changed again and 20 oL of 10% Triton X-100 solution was added to the apical surface to



DK/EP 3694526 T3

elicit maximum release. On the day of the experiment, assay reagents were prepared
according to kit instructions and 500 oL of USG media was added to three empty wells in a 24-
well plate for background control. Culture inserts were removed from the wells and 250 oL of
LDH Reaction Solution was added to each well. The plate was then gently shaken on an orbital
shaker for 30 minutes at 37°C. Absorbance was read at 490 nm using a plate reader. %

cytotoxicity was calculated as follows:
% Cytotoxicity of test sample =

(Experimental value A490) — (Background value A490)

(Maximum value A490) — (Background value A490) $100

Example 18. Airway surface liquid (ASL) height assay (Fig. 7, panel F; Fig. 12).

[0169] ASL height was studied using an established fluorescent dye assay (60, 671). Small

diameter NuLi and CuFi-1 cultured epithelia were used for this experiment (0.33 cm?). 24
hours prior to the start of experiment, the apical side of all cultured epithelia was rinsed three
times with warm PBS to remove excess mucus. NulLi epithelia were treated with
perfluorocarbon (FC-72) vehicle or 500 oM basolateral bumetanide in DMSO vehicle applied to
the media, and CuFi epithelia were treated with 20 yL vehicle, 0.005, 0.5, or 50 uM AmB, or
0.5 uM C35deOAmMB suspended in perfluorocarbon (FC-72, Sigma), with or without 500 pM
basolateral bumetanide in DMSO vehicle applied to the media and incubated for 24 hours at
37 °C. After 24 hours, 2.5 pL of a 2 mg/mL 70kDa Texas Red-dextran conjugate (Molecular
Probes) solution in PBS was added to the apical side of the epithelia, followed by 100 pL of FC-
770 to prevent evaporation. Then the culture support was placed on top of 100 uL of PBS on a
10 mm glass bottom Fluorodish for imaging (World Precision Instruments). Epithelia were
imaged immediately after dye addition and again at 24 hours to examine dye absorption.
Three Z-stack images per membrane were taken on an Zeiss LSM700 confocal microscope at
40x oil immersion. These images were analyzed using ImagedJ (62) to determine the average
ASL height in the center 1300 pixels of each image. Images were smoothed, converted to 8-
bit, and thresholded to most accurately represent the red area. The parameters for Analyze

Particles were particles from 1-Infinity ym? in size and from 0%-100% circularity. Height was
determined by dividing the area output in pixels by the known 1300 pixel width and converted
to microns using the known scaling factor of 0.49 om/pixel.

Example 19. Viscosity of AmB-treated primary cultures of airway epithelia (Fig. 8, panel
C).

[0170] ASL viscosity in airway epithelial cultures was determined (7, 25). Small diameter

primary cultured epithelia were used for this experiment (0.33 cm?). The apical surface was not
washed for at least 2 weeks before study. Cultured epithelia were treated with 2 oM AmB
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administered in perfluorocarbon (FC-72, Sigma) for 48 hours. FITC-dextran (70 kD, Sigma)
was then administered to the apical surface of epithelia as a dry powder 2 hrs before
measurement of viscosity. FRAP was assayed in a humidified chamber at 37°C using a Zeiss
LSM 510 META microscope. Images were acquired until maximal recovery was reached. At
least 6 recovery curves from different locations in each culture were acquired and averaged to
obtain data for one epithelial culture. The time constant (1saline) was calculated by regression
analysis from fluorescence recovery curves. Viscosity is expressed relative to the time constant
of saline (TASL/rsaline).

Example 20. Antibacterial activity of AmE-treated primary cultures of airway epithelia
(Fig. 8, panel D, Fig. 14, panels F-G).

[0171] Staphylococcus aureus-coated gold grids were used to measure antibacterial activity of
airway epithelial cultures (3, 4). Small diameter primary cultured epithelia were used for this

experiment (0.33 cm?). Bacteria-coated gold TEM grids were placed onto the apical surface of
airway epithelia for 1 min after 48 hours of perfluorocarbon (FC-72, Sigma), 2 yM AmB, or 2
MM C35deOAmMB treatment. As controls, bacteria-coated grids were also placed in saline or
AmB in FC-72 laid over saline to simulate the administration method for 1 minute. After
removal, bacteria on the grids were assessed for viability using Live/Dead BacLight Bacterial
Viability assay (Invitrogen). Viability was determined in 4-6 fields to determine the percentages
of dead bacteria.

Example 21. Animals for study (Fig. 4, panel E).

[0172] Female and male newborn pigs with targeted disruption of the CFTR gene CFTR'-

were studied, generated from mating CFTR*~ pigs. Pigs were obtained from Exemplar
Genetics. The University of lowa Animal Care and Use Committee approved all animal studies.

Example 22. Measurement of ASL pH in CFTR'- pigs (Fig. 4, panel E).

[0173] ASL pH was measured in pigs in vivo (3, 8). To administer AmBisome in pig trachea,
pigs were initially sedated with ketamine (Ketaject, Phoenix; 20 mg/kg, i.m. injection) and
anesthetized using propofol (Diprivan, Fresenius Kabi; 2 mg/kg, i.v. injection). The trachea was
surgically exposed and accessed anteriorly, and a small anterior window was cut through the
tracheal rings. To mimic physiologic conditions, data was obtained in a 100% humidified
chamber at 37°C and constant 5% CO».

[0174] For the first CFTR™ pig, a baseline ASL pH measurement was taken for about 8
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minutes before 60 uL of 100 pg/mL AmBisome® in FC-72 was administered to the tracheal
window. ASL pH was continually measured for 60 minutes. Then, 60 yL of 1 mg/mL of

AmBisome® was administered to the tracheal window and pH was continually measured for

another 60 minutes. For the second CFTR™ pig, a baseline ASL pH measurement was taken
for about 8 minutes before 60 uL of FC-72 vehicle was administered to the tracheal window as
an internal control. ASL pH was continually measured for another 30 minutes. Then, 60 yL of 1

mg/mL of AmBisome® was administered to the tracheal window and continuous

measurements were then taken for 106 minutes. For the third and fourth CFTR™ pigs, a
baseline ASL pH measurement was taken for about 10 minutes. Then, 60 yL of 1 mg/mL of

AmBisome® in FC-72 was administered to the tracheal window and continuous measurements
were taken for 120 minutes.
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1. Kombination af en terapeutisk effektiv maengde af (i) amphotericin B (AmB) eller et

farmaceutisk acceptabelt salt eller hydrat heraf og (ii) kolesterol til anvendelse i

behandling af cystisk fibrose hos en patient med behov derfor;

hvor AmB og kolesterol administreres som en aerosol til en luftvej hos patienten; og

hvor patienten har to mutationer i CFTR-anionkanalen; og de to mutationer hver

uafheengigt veelges fra felgende tabel:
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2 Kombination af en terépeutisk effektiv rhaengde af (i) ampho’éericin B (AmB) eller et:
farmaceutisk acceptabelt salt eller hydrat heraf og (ii) kolesterol til anvendelse i

a) ggning af pH i luftvejenes overfladeveeske hos en patient med cystisk fibrose;

b) reduktion af viskositeten i luftvejenes overfladevaeske hos en patient med cystisk
fibrose eller

c) sgning af antimikrobiel aktivitet i luftvejenes overfladevaeske hos en patient med
cystisk fibrose;

hvor AmB og kolesterol administreres som en aerosol til en luftvej hos patienten; og
hvor patienten har to mutationer i CFTR-anionkanalen; og de to mutationer hver

uafheengigt veelges fra felgende tabel:
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3. Kombination til anvendelse ifalge krav 1 eller krav 2, hvor AmB og kolesterol
administreres i et molforhold pa mellem ca. 1:1 og ca. 1:2,5; eventuelt nar AmB og
kolesterol administreres i et molforhold pa ca. 1:2,5.

4. Kombination ifalge krav 3, hvor AmB og kolesterol administreres samtidigt i form af
en sammenseetning bestdende hovedsagelig af vand, AmB og en liposommembran
bestaende af hydrogeneret

sojaphosphatidylcholin, kolesterol,

distearoylphosphatidylglycerol, alfa-tocopherol, saccharose og
dinatriumsuccinathexahydrat.

5. Kombination til anvendelse ifalge et hvilket som helst af kravene 1-3, hvor AmB og
kolesterol administreres som separate farmaceutiske sammensaetninger; eventuelt
hvor AmB og kolesterol administreres samtidigt; eller hvor kolesterol administreres

inden for ca. 5 minutter til inden for 168 timer for eller efter AmB.
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6. Kombination til anvendelse ifalge et hvilket som helst af kravene 1-4, hvor AmB og
kolesterol administreres i en enkelt farmaceutisk sammenseaetning; eventuelt hvor
AmB og kolesterol er til stede som et kompleks.

7. Kombination til anvendelse ifalge et hvilket som helst af de foregaende krav, hvor
de to mutationer hver uafheengigt veelges blandt 2184delA, F508del, V520F, 1717-
1G->A, E60X, G551D, R553X og D259G.

8. Kombination til anvendelse ifglge krav 7, hvor patienten har et par CFTR-mutationer
valgt blandt F508del/F508del, G551D/F508del, R553X/E60X, F508del/1717-1G->A,
F508del/2184delA, and D259G/V520F; eller hvor patienten har et par CFTR-
mutationer valgt blandt F508del/F508del, RS553X/E60X, F508del/1717-1G->A,
F508del/2184delA, og D259G/V520F; eventuelt hvor den cystiske fibrose er refrakteer
over for behandling med ivacaftor.

9. Kombination til anvendelse ifglge et hvilket som helst af de foregaende krav, hvor
kombinationen endvidere omfatter en terapeutisk virksom maengde af et antibiotikum.
10. Kombination til anvendelse ifalge et hvilket som helst af de foregaende krav, hvor
patienten er et menneske; eventuelt hvor mennesket er under 12 ar gammelt; eller
hvor mennesket er mindst 12 ar gammeilt.

11. Kombination til anvendelse ifalge et hvilket som helst af kravene 1-6 og 9-10, hvor

de to mutationer uafheengigt veelges fra falgende tabel:
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Fig. 5
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Fig. 12A Fig. 12B Fig. 12C

CuFi-2 + Amb

seale bar = 14 microns
Fig. 12D Fig. 12E

Wl + bumetanide Cufil + G+ bunretanide
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