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The present invention provides a method of identifying CFTR-binding compounds for treating cells having a reduced apical CI-
conductance, such as cystic fibrosis cells. This identification method involves the use of polypeptide I, which constitutes a portion of
"the CFIR protein. The present invention also provides a method of treating CF cells by contacting cells having a reduced apical C1-
conductance with a therapeutically effective quantity of a compound selected by the present inventive identification method. Preferred
compounds for such treatment have little or no affinity for adenosine cell receptors. The present invention provides novel compounds useful
in practicing the present inventive method, as well as pharmaceutical compositions containing such compounds.
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Background of the Invention
10 Healthy animal cells require, among other condltions
and materials, the movement of various inorganic ions
across the cell membrare to be maintained such that a
prbper balance of the ions provide the ;équisite
electrical potential across the cellular membrane as well
15 as a life—promoting internal ionic stréngth. For
example, Na*, C17, K%, and Ca** are known to cross cell
membranes in animals such that K* and Ca** are accumulated
intracellularly to a varying extent in different cells at
different times of development, whereas Na*, in large
20  measure, is excluded from the interior of a cell. The
cross-cellular movement of these ions is mediated by
Na*/K*- and Ca**-dependent ATPases that are membrane bound
at the sites of appropriate ion channels. Chloride ion
was believed to permeate animal cells by passive means to
25 equilibrate in concentration between the external and
internal fluid, resulting in an underrepresentation of
Cl™ intracellularly in consequence of the overall
negative intracellular change. Conductance of chloride,
however, haé been shown to be mediated actively as well,
30 by means of a Cl™ channel (gee Edwards, Neuroscience, 7,
1335-1366 (1982)). |
Results from research directed to the pathology of
cystic fibrosis ("CF") has provided information on the
~ill-effects that an ion conductance impairment at the



over the past decade has revealed that a heritable discrete gene nutation

| s associated with the clinical synptons of CF, including abnormal exocrine
gland and lung functions. 10 More specifically, CF is caused by

mut ati ons i WO6H6084stic fibrosis transnenbrane regul at or ( CFPRI/USESH34S he
nmost conmon of which is the deletion of a phenyl al ani ne residue at position
508 (Phe[err]; see Figure 1 for a physical map of the CFTR protein). The
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sequences of l[fﬂﬂé_fdﬂég gnd lo (see Figure 1), is unknown.

10 More'specifically, CF is caused by mutations in the
cystic fibrosis transmembrane regulator (CFTR) gene, the
most common of which is the deletion of a phenylalanine
residue at position 508 (Phe®%®; see Figure 1 for a
physical map of the CFTR protein). The mutated CFTR

15 protein is referred to as AF508, the site of which is
within the first nucleotide binding fold (NBF-1).
Schoumacher et al., Proc. Natl. Acad. Sci., 87, 4012-4016
(1990); Riordan et al., Science, 245, 1066-1073 (1979).
More specifically, this mutation is 1oca£ed in a lengthy-

20 internal segment of the NBF-1, flanked on the N-terminal
side by the Walker A sequence (amino acid position 458-
471; also referred to as "CFTR[458-471]") and on the C-
terminal side by the contiguous C domain (amino acid
position 548-560; also referred to as "CFTR[548-560]")

25 and the Walker B domain (amino acid position 561-573;
also referred to as "CFTR[561-573]"). The physiologiéal
role of the intervening sequence located between
CFTR[471] and CFTR[S561], which .includes the polypeptide
sequences of Ia, IB, and Io (gee Figure 1), is unknown.

30 - Certain mutations in the CFTR gene, such as that

' resulting in AF508, cause an abnormal potential
difference across CF epithelia. The abnormality is due
to a reduced cellular apical chloride (Cl™) conductance.
Consequently, chloridé and sodium transport across

35 epithelial membranes of an individual afflicted with CF,

. for example, is abnormal. It is also known that cells
carrying the AF508 mutation have higher than normal CFTR
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among others. Nearly all patients suffering from the
disease develop chronic progressive disease of the
10 respiratory system. In the majority of cases, pancreatic
dysfunction occurs, and hepatobiliary and genitourinary
diseases are also frequent.
. Although survival of cystic fibrosis patients has
improved in recent years, the median survival is still
15 only about 28 years despite the development and
implementation of intensive supportive and prophylactic
treatment. Present efforts to combat the disease have
focused on drugs that are capable of either activating
the mutant CFTR gene product or otherwise causing
20 additional secretion of Cl™ from affected cells. Gene
. therapy is another area of active research, wherein the
" anion conductance deficit may be repaired py'the
~ introduction of a recombinant wild-type CFIR gene, i.e.,
_ a CFTR gene that lacks a mutation that results in the
25 abnormality.
' Encouraging clihical results have been reported
recently for the use of aerosols containing either
amiloride (Knowles et al., N. Engl. J. Med., 322, 1189-
1194 (1990)) or a mixture of ATP and UTP (Knowles et al.,

30 N. Engl. J. Med., 325, 533-538 (1991)), which slow the

accumulation of C1™ in the epithelium of the trachea.
Other drugs that purportedly are useful in the

treatment of CF have been described. For example, U.S.
Patent No. 4,866,072 describes the use of 9-ethyl-6,9-

35 dihydro-4,6-dioxo-10-propyl-4H-pyrano(3,2-g)quinoline- -

' 2,8-dicarboxylic acid or a pharmaceutically acceptable
derivative thereof in the treatment of CF. U.S. Patent
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Historically, theophylline has been administered to

asthmatic and CF patients to enhance

lung function. Such

lung function enhancement is caused principally by
bronchodilation, which is due to the action of
theophylline on smooth muscles and inflammation. .
Theophylline has been shown not only to inhibit

phosphodiesterase, but also to antagonize adenosine
receptors. Accordingly, because theophylline acts at
more than one site, it obviously lacks specificity, thus

reducing its usefulness to treat CF.

In view of the fact

that antagonism of the A; adenosine receptor, not
inhibition of phosphodiesterase, has been shown to result
in stimulating chloride efflux from CF cells, such lack
of specificity could result in undesired side effects,

'such as detrimental effects to cardiac, renal, and/or

central nervous system tissue. In addition, large doses
of theophylline must be administered to achieve a
beneficial effect, thus increasing the risk of side

effects from the high toxicity of the

compound.

- Other compounds that resemble theophylline in basic
structure have been tested but have not been found to be

useful in evoking chloride efflux from CF cells and,

therefore, has no or little potential

in the treatment of

cystic fibrosis. For example, 3-isobutylmethyl xanthine

(IBMX), which is structurally similar

to theophylline, is

nonspecific in activity and highly toxic and, therefore,

lacks utility in the treatment of CF.

Also ineffective
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adenosi ne cyclopentylxanthine) with a one-carbon group generates a

compound that is ineffective iﬂ.activating chloride

efflux from CF cells. Clearly, minor structural

10 differences have a significant, if not substantial,
impact on the effectiveness of a given compound in the
treatment of CF. Abcordingly,.it will be particularly
useful if a method were available for screening compounds
for an ability to promote chloride ion conductance in

15 affected cells, which, in turn, would be a candidate
therapeutic agent for treatment of cystic fibrosis
patients. -

The '977 patent, cited above, and Eidelman et al.,
Proc. Natl. Acad. Sci. USA, 89, 5562-5566 (1992),

20 disclosed that CPX is a potent A, adenosine antagonist
that promotes chloride efflux from a human epithelial
cell line (CFPAC-1). The CFPAC-1 line, further described
in Example 6, expresses the aforementicned CFTR AF508 '
mutation and can be viewed as a first generation

25 screening'material for CF-active compounds. Although CPX .
and its related xanthine amino congeners disclosed in the
1977 patent have been shéwn to be relatively non-toxic
and therefore potentially useful for CF treatment, the
fact that such compounds have an antagonistic effect on

30 Aj;-adenosine receptors indicates that such treatment

| probably will have an additional impact on an animal that
is unrelated to the CF affliction. Accordingly, use of
such compounds, indeed any compound known to have
multiple targets of activity, preferably is avoided

35 because the use of such compounds is, at least,
potentially detrimental.
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It is an object of the present invention to provide

- a method for identifying compounds that can activate an

impaired chloride conductance channel. It is also an
ocbject of the present invention to provide a method of
correcting the reduced Cl™ conductance of cells that are
impaired in such conductance. It is another object of
the present invention to provide a method of treating
cystic fibrosis cells. It is yet another object of the
present invention to provide a method of treeting cystic
fibrosis cells having a-deletion involving phenylalanine
at amino acid position 508 of the cystic fibrosis _
transmembrane'regulator. It is also an object of the
present invention to provide compounds useful in such
methods, in particular novel xanthine derivatives that
have little or no affinity for the adenocsine receptors
but have an ablllty nonetheless to ameliorate the Cl1™

imbalance of CF cells by stimulating C1™ efflux.

These and other objects and advantages of the
present invention, as well as additional inventive
features, will be apparent from the description of the
invention provided herein.

Brie um f The Inventi
The present invention provides certain CFTR
polypeptides, such as Ia [SEQ ID NO:1], that exhibit an
ability to bind specifically to compounds that are known
to activate the CFTR-linked chloride ion efflux in AFS508
mutant cells and not to bind to compounds that are knownl
not to have such a capability to activate CFTR-linked
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aforenpntionggog{?feg Githleno acid sequences of adjacent or

10 overlapping regions of the location of Ia, are also
disclosed that, despite their close or overlapping
proximity to Ia} have a neutral or negative affinity for
compounds known to activate ion efflux.

Application of the aforementloned identification

15 method may be used to 1dent1fy compounds that have an
ability to activate ion efflux in ion efflux deficient-
cells, such as CF cells, especially those having the _
AF508 mutation. Moreover, such compounds, in the context
of the present invention, may be further screened to have

20 little or no affinity for either the A,-adenosine cell
receptor or the A,-adenosine cell receptor. Such
compounds, accordingly, may be used in a method of
treating cells having a reduced apical Cl™ conductance,
such as cystic fibrosis cells. Specifically, the present

25 inventive.method involves ‘contacting cells having a
reduced apical Cl™ conductance with a therapeutically
effective quantity of a compound that has little or no
affinity for the A,;-, A,-, or A;-adenosine cell receptor.
Nevertheless, contact between the inventive compounds and

30 CF cells results in Cl~ efflux from such cells.

In'particular, the method involves contacting such

.cells with a compound having the formula:
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i mpact on an animal that is unrelated togthe CF affliction. Accordingly,
use of such conpounds, indeed any conpoypd kn to have nultiple targets
of activity, preferably is avoi deg, 35 cauyg the use of such conpounds
Is, at |least, potentially detrinental ' 16084 _

PCT/ US95/ 14345 6 A drug of high -potengy, CiRey, and little or no
specificity for adenosi ne receptorgj yd be a highly desirable and-
prom sing therapeutic agent for the tre nent of cells having a reduced
apical Cferr] 5  conductance, such as gystic fi-brosis cells. Such a drug
would not only find utility in the treatnent of cystic

wherein R; and R; are the same and are C,;-Cg alkyl or C,-
5 Cg alkenyl, R; is C;-Cg alkyl or hydrogen, and Rg is C,-Cq
cycloalkyl. Such a compound may further be selected from
the group consisting of 1,3-dipropyl-7-methyl-8-
cyclopehtylxanthine, 1,3-dipropyl-7-methyl-8-
cylcohexylxanthine, cyclohexyl caffeine, 1;3-dia11y1-8-
10 ‘ cyclohexylxanthine, and therapeutically effective
' derlvatlves thereof. |
The compounds used in the present inventive method
resemble theophylline in basic structure; however, they
differ significantly in the substituents at the R,, Rj,
15 and Ry positions. Given that minor structural
differences in compounds that resemble theophylline have
been shown to render the compounds ineffective or
otherwise not useful in the treatment of CF, it was
. surprising to dlscover that the aforementioned compounds
20 are effective in activating chloride efflux from CF
cells. This discovery was particularly unexpected
inasmuch as the apparent mode of activity of the
inventive compounds does not involve any of the adenosine
receptors.
25
W
Figure 1 is a physical map of a portion of the CFTR
protein, dlsplaylng the location of the following
sequences: Walker A (amino acids 458 to 471); I« (amino
30 acids 477 to 508); IS (amino acids 509 to'539); Io (amino
acids 550 to 530); C (amino acids 548 to 560); and Walker
B (amino acids 561 to 573).
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ot A ng O [erreghiieian TGS SNGER! 6L, ohbettee 0n RuantateT o8 ke
appar ent fron1¢hmpmnﬁﬁlmpgramul¢sthm the epresenpe oof dearpéngi n. 30
concentrations of the Io polypeptide. The units of the

10 X-axis represent the concentration of Ia polypeptide
{(pg/ml) and the units of the y-axis represent change in
turbidity (A540 nM). Reactions were performed as for
generating the data of Figure 2; the initial rate was
calculated for each concentration of Ia.

15 - Figuré 3B is a Hill plot for the data displayed in
Figure 3A. The an‘app was estimated from the linear.
extrapolation of the Lineweaver-Burk plot (log (V;/V,-V;)
versus log [Ia]l) of the data, and the ratio of velocities
was computed for each condition. The slope (2.6) is the

20 Hill coefficient (ng). h

Figure 4A is a graph that depicts phosphatidylserine
liposome aggregation (y-axis is AA;;,/min) by Ia at
different pH values (x-axis). The concentration of Ia is
2 pug/ml (0.6 uM). '

25 : Figure 4B is a graph that deplcts phosphatidylserine
liposome aggregation (y-axis is AA,;5,/min) by lower
concentrations of Ia polypeptide measured over time (x-
axis in minutes).

Figure 5 is a graph that depicts the effect of CPX

30 (x-axis in nM) on aggregation of phosphatidylserine

- liposomes driven by Ia polypeptide (y-axis is Aaggo/zo
min) . The inset graph depicts the concentration
dependence for CPX activation at the 20 minute time
point, wherein the y-axis is AA,5,/20 min and the x-axis

35 is concentration of CPX in nM.

' 'Figure 6 is a graph that depicts the effect of
caffeine (x-axis is concentration in nM) on aggregation
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Brief Summary Of The Invention The present inventi .provi des certain CFTR

pol ypeptides, such as I[err] [SEQ ID{N@f%éi{ xhnblt an ability to bind

specifically to conpounds that are k 15, ck8 actlwate éﬁh i nked
chlorldevW6¥” %4 ux in AF508 nutant )

QgLLE_,_Q_nDL—Le-blnd 0 c%ﬁ%gﬁ%ds t hat
are known not to have such a capabiliTy 1@ activate CFTR-1inked WO

96/ 16084 . PCT/ US95/ 14345 7 chl oride
ion efflux. &brphosphatidybsesine lmpeaomea ﬁrévédebYaI#ephdﬁpﬁ@ﬁlﬁﬁe
identificati t her 0 p fdyvati t 4bRked
chloride i on?‘g??%uégasﬁghtﬁgggt %anl %gl [%1 %ﬂ)l | ca'it‘%nf%?g; ﬁ p
aforenentloné€P€F¢R'bbeyﬁ@p@ﬁaégaﬁé°§eﬂ§§9ﬂ@énﬁﬁngpﬁg CR¥ACS IW@FlFEh ef f1 ux

aCL' vating Caepeﬁadﬁo rﬁﬁnﬁtélﬁﬁiﬂér beht Newharedh the wdamiisiiigati on net hod,

e I AL i S R B Rl IR0 1

~location of bfecaffeﬁne also dlsclosed that, despite their close or

overlapping proxi g hirb07! s Qagﬁaahnaab&ehag pRgakip¢ecR Lgidak for

concentration (x-axis is nM) on aggregatlon of
phosphat;dylserlne liposomes (y-axis, AR;g,/20 min) driven

10 by Ia polypeptide. The inset graph depicts concentration
dependence for DAX activation at the 20 minute time

point, wherein the x-axis is nM units of concentration of '

DAX and the y-axis is in units of AA,4,/20 min.
Figure 8 is a graph that depicts the comparison of
15 CPX and DAX activation of phosphatidylserine liposome
aggregation by I« polypeptlde " The x-axis is in nM
concentration units of CPX or DAX and the y-axis is in
units of AA;5,/20 min.
' Figure 9 depicts a graph of the results of [3Cl]~
20 efflux studies of CFPAC cells when placed in contact with
compound 1 (theophylline). The x-axis represents the
nanomolar concentration of compound 1, and the y-axis
represents the rate of chloride efflux as a percentage of
control. _
25 Figure 10 depicts a graph of the results of [36C1]‘
efflux studies of CFPAC cells when placed in contact with
compound 5 (CPX). The x-axis represents the nanomolar
concentration of compound 5, and the y-axis represents
the rate of chloride efflux as a percentage of control.
30 . Figure 11 depicts a graph of the resilts of [36C1]™
efflux studies of CFPAC cells when placed in contact with
compound 22 (eﬁcyclohexylmethyl caffelne). The x-axis
represents the nanomolar concentration of compound 22,
and the y-axis represents the rate of chloride efflux as
35 a percentage of control.
' Figure 12 depicts a graph of the results of (36c11-
. efflux studies of CFPAC cells when placed in contact with
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conpounds known to activate ion efflux. Application of the aforenentioned
I dentification 15 nmet hod may be used to identify conpounds that have an

ability t e ion efflux in ion efflux deficient- cel

cells, &@%‘Wt hose having the [err] F508 nutati on. Mor e%\fi-g’ru,%y%uc
corrpounds in the context of the present invention, may be further screened
to have 20 little or no affinity for either the Al err]-adenosi ne cell

receptor or ttwnmmx!ﬁeﬁdsi(rle Scdlilalilade@-aryclahsxylomumitiniiye ) -ac chhelixgl y,

may be used-in, gﬁgﬁedo err]

conduct ance, su as %@tsl ctsttﬁ:g{éoggs CC}].I%.I.h Spemrﬁiéa y, ﬁ regs‘(grl\é 25

i nventive met Hol Yesrrife TeRy AaNtS s i e g8 p%rr)

conduct ance V\natdt a’:l_ﬁelief (ras 3 Idbrﬁj‘:fcg_ctlve quantlty of a corrpound that
0

~has little or no a n|t or the err JAlerr].-, or err nos
cel | rece& or. gf 56{ cte{ug}f?‘tv%?ﬁlf n%%ﬁ%% %nd 30
CF cells resuletfsflmc Gt[t'qus em‘elz@( vianyirgdthe gize of t;imt&o@ﬁalqalml

hod | | |
\r/r\ebt 98, 1'63%2 Vet U S %6 581 wéﬂé@pmmwddé%s%ﬁgﬁ 50r il a:

tested for its impact on K; value (pM, y-axis) Data of

the affinity of 8-cycloalkyltheophylline derivatlves on

10 rat cortical A,-adenosine receptors () and rat striated
A,,-adenosine receptors (A) are shown.

Figure 14 depicts a graph of the result of chloride
efflux studies where varying the size of the 8~cycloaiky1
substituent (x-axis) of a caffeine derivative is tested

15 for its impact on K; value (pM, y-axis). Data of the
affinity of 8-cycloalkyl caffeine derivatives on rat
cortical A,-adenosine receptors (®) and rat striated A, -
adenosine receptors (A) are shown.

20 Detailed Descripti of d E im
The present invention provides polypeptides that

have a positive affinity for compounds that activate
chloride ion efflux in CFTR-mutated cells. The
polypeptides of the present invention are either a

25 portion of the CFTR protein, namely the segment
identified in Figure 1 as Ie, or a variant thereof having
no significant difference in its functioning, as
disclosed herein. Ia is defined as the polypeptide that
spans from amino acid position 477 to amino acid position

30 508, and has the following sequence:

NH, -PSEGKIKHSGRISFCSQFSWIMPGTIKENEEF-COOH [SEQ ID NO:1]
wherein the capital letters between the NH, and COOH

35 groups are the conventional single letter symbols for
) various amino acids, which protein-related nomenclature



[err] wherein Rlerr] and Rlerr] are the sane and are (CJerr]-Cferr] al kyl or
C-err]- 5 Cerr] alkenyl, R7 is (Jerr]-Cerr] al kyl or hydrogen, and .
Rlerr] is gaerr -Clerr] cycloal kyl. Such a conpound may furt 4% selected
fromthe g si sting of 1,3-dipropyl-7-nethyl-8- cychmégﬁgﬁ A48 ne,
1,3-di propyl - 7- met hyl - 8- cyl cohexyl xant hi ngy cyclohexyl caf f ei ne,
1,3-diallyl-8- 10 cycl ohexyl xant hi ne, and therapeutically effective
derivatives t his agded THereinblow SE o eSED NTD Lo 13 eaedt SEQVEDt Nge4 mashod
resenbl e theo giilne in basic structure; however, they differ
significantly TTthe substituents at the err RB 15 and Rlerr]
positions. G ven tReitypepiidetiaciSEQl Il@h!ﬂ@el Ry be poepanedsbyhdl)
resenbl e theopiw&i @fcir@V& pedb 2RO d poT tide SpRPREBSS L8¢h ectlve

or otherw se not ful- jn the treat nt it was s rising

di scover that W?&P B rEehtF Qﬁﬂ&l%% nﬂ% eeu%%%+fe§?ﬁ?ﬁt?ﬂ ﬁﬁtlvatlng.
chloride effl wd fr @olid cgh FOE & CEW 3 - ,fc;mexpected

i nasnmuch as t n t| of nv oes
not invol ve a;%'%g Lﬁo& (r)ltfemr?‘gcep %%/%’ %@%)r ef |£§ %l‘d"g%:%

Dr awi ngs incubation of a microorganism containing a sultable

sequence of DNA or RNA for expression of polypeptide I«
10 using methods of genetic engineering that are well-known
in the art (gee, e.g., Sambroock et al., Molecular
i t a , (2d ed. 1989)), or (3) by
any other suitable means. It is contemplated within the
context of the present invention that conservative amino

15 acid changes that, as understood within the art, neither
present charge nor conformational changes to the
polypeptide, constitute further embodiments of the
present invention. For example, it is believed that the
exchange of an isoleucine for a leucine residue would

20 have little or no effect on the functionality of the
polypeptide Ia. It is also contemplated that fragments
of Ia may be functional as well, and thus such fragments
define further embodiments of the present invention.

Suitable sequences of DNA and/or RNA for
- 25 constructing a cloning approach to synthesis of Io may be
identified by reverse translation and transcription of
the amino acid sequence of Ia [SEQ ID NO:1], using the
genetic code. Either or both of the DNA strands, i.e.,
the "sense" and "anti-sense" strands, may be usefully

30 employed iﬁ the genetic engineering of clones for
synthesis'of Ic. Similarly, the RNA sequence may

_constitute the "sense" or "anti-sense" strands, as well..
Accordingly, the present invention may be viewed as
embodied in the RNA or DNA sequences recited and/or

35 referred to herein.

' Any suitable means may be applied for generating the
RNA molecules héving any of the following sequences:



Figure 1 is a physical map of a portion of the CFTR protein, displaying the
| ocation of the follow ng sequences: Wal ker A (am no acids 458 to 471);
I[err] (am no 30 acids 477 to 508); I[err] (anmino acids 509 to 539)
(amino aci WOHPB, 530); C (amino acids 548 to 560); and WACEBISO¥l no
aci ds 561 to 573). Figure 2 is a graph tfat depicts the aggregati on of
chromaffin granules by certain CFTR pol ypeptides at a concentration of 20
my/ M (5.2 [ewGQNAUcnuaanﬁaGN)Axnimnﬂeﬁxﬂh¢xh{umm]GGNTbenunbnsuan vbw

X-axi s repres s€£ﬁp ent
change in tur%&%&[errﬁ%%%@%&?%@% #énaé%ﬁ epi Cts the
aggr egat i on ofARN(SHRIGAR Whanul es in the presence of varyllrQﬁQ ID NO:2j
concentrations of the la polypept|de The units of the 10 x-axis represent

t he concentration of Ia tide ([err]Jg/m) and {he units of the y-axis
represent har’(btberf?ﬁ"hﬁ %/é)px?:[rg,r]é é.‘n%%ctvoﬁg V\E?Elier?oilﬁed as

for generatingytesited a Wiidixywe @, Yhesidiséray, rRtbsvasorateulaisdafor
each concent rad |é)£:| t?,f 4 1@.55.5 G, A’Ficgugze é’B ér?datlliﬂ:l éyvmxgiszQet he data
dlsplayed in : - _ .
organized in triplets to reflect the .codons as translated
in an organism. This RNA4related nomenclature is used

10 hereinbelow for SEQ ID NO:5 and SEQ ID NO:6 as well.

Other RNA sequences that, upon translation, provide
the same polypeptide sequence or its functional
equivalent are contemplated hereby as well. For example,
the triplet UCN can be replaced by the triplet AGY and

15 the triplet CGN can be-repléced by the triplet AGR, and
yet result in no change in the resultant polypeptide
sequence. In addition to the neutral sequence
differences iden:ified at the RNA level, as provided
herein, nucleotide changes that pro#ide conservative

20 changes to the resultant amino acid sequence, as
discussed above, are contemplated as well. Thus, for
example, the triplet AUH, which encodes the amino acid
isoleucine, may be replaced by the triplet CUN, which
encodes the isomeric amino acid leucine, without

25 significant effect on the functioning of the claimed
polypeptide. Any of such sequences may be ligated into a
suitable nucleic acid vector for propagation and
expression in a suitable cellular or viral host, using
methods well-known in the art. '

30 . The genetic complement of the aforestated RNA
molecules, i.e., the anti-sense RNA, and the DNA
counterparts to the sense and anti-sense RNA molecules
are contemplated as embodiments of the present invention.
Suitable means for generating the aforementiocned

35 sequences, their compleﬁents, or their DNA counterparts,
as well as those disclosed hereinbelow, include in vitro '
polynucleotide synthesis of a manual or automated nature.



Figure 3A. The V[err] was estimated fromthe |inear extrapol ation of the
LFneweaver-Burk plot (log (V[err]/V[err]-V[err]) versus log [I[err]]) of

t he data, ratio of velocities was conputed for eac ition. The
sl ope (2. g‘?&?‘g{% 20 Hill coefficient (n[err]). Figure 4}{}&8%956 h t hat
dépi cts phosphatidyl serine |iposone aggregation (y-axis is [err] A350/ m n)
by I[err] at different pH values (x-axis). The concentration of lais 2
[err]g/m (0. Gncer comstrasted, sudhyar setfidre wpﬁe thisgatospi tod other
phosphat i dyl Sgic@sld Bes A Bedidneay L iy SIGEISNRLL] M) by

| ower concentrations err] polypeptide~meas J’ ver tine (x- axis in
m nutes). Fi gGFé@clréPél@naﬁFf transdatiicny @nd é:fq atet srthgxx mclgdc axis in

mi In) ont aggreaa:haorseqheim@%phaeml %ﬁf@&éc{%@&ﬁs dpch xﬁbﬂ [&id loxr
0 e | axl s 1,S err e 1.nSs ra i C e
gonggnfraglon£§?5?ﬁ3éﬁwelpoka€g?&& iy Y% 'at £ %ﬂ#in?él%?tlrﬂfﬁkﬁqﬁ

wherei n the yfexi prieparing] A3l diclied cardtiideonstesct3d ares walicdaiowai i on
of CPX in nM 1lﬁ| W’eea@t' S 5% %Qﬂxb%%tk (éetplaq_ts t&ﬁfect of caffeine

(x-axis is in mn) on ag
The po ypeptlde or a suitable fragment thereof may

be used per se or it may be associated with another

10 compound, such as one or more amino acids, which may be
covalently linked together as a second polypeptide, a
proteoglycan, a proteolipid, a carbohydrate, or some
other suitable macromolecule. Such associations of the
inventive polypeptide with another macromolecule may be

15 stabilized by means of covalent bonding, hydrogen
bonding, adsorption, absorption, metallic bonding, van
der Waals forces, ionic bonding, or other suitable inter-
or intramolecular bonds or forces, or any combination
thereof. For example, polypeptide I may effectively be

20 enlarged by the covalent addition of one or more aminoc
acids to the carboxy or amino terminus, or both termini,
so long as its essential characteristic of binding to
activating molecules for chloride ion efflux in CFTR-
mutated cells is retained. A preferred form of the

25 inventive polypeptide comprises the covalent linkage of
‘the polypeptide to a suitable affinity chromatography
matrix, such as cellulose, including m- _
aminobenzyloxymethylcellulose, bromoacetylcellulose,
carboxymethylcellulose hydrazide, and cellulose cyclic-

30 carbonate; 6-aminohexanoic acid; sepharose, including
sepharose 4B, sepharose 6MB, sepharose 6B, and thiol-
sepharose 4B; beads composed of hydrophilic acrylic,
polyacrylamide, and agarose; and linear polyacrylamide.

Suitable reactive moieties, such as hydrazides,

35 carbonates, and the like, and suitable activators, such

. as cyanogen bromide, carbonyldiimidazole, chloroformates,
and the like, may be applied to the aforementioned



10 of phosphatidyl serine |iposonmes driven by |a polypeptide (nmeasured on
the y-axis as [err] A350). The inset graph depicts the concentration

dependence_for CPX activation at the 20 mnute tinme point, | '
y-axis is g’“[‘é‘r‘?ﬂ"ABSO/ 20 mn and the x-axis is in nM conceﬁdt&éﬁ’g'ﬁ;;{}gi ts

of caffeine. Figure 7 is a graph depictingighe effect of DAX concentration
(x-axis is mn) on aggregation of phosphatidylserine |iposones (y-axis,
AA350) driven aBfihytirachebppepgrdphy thherices gsipy dephads @mdcentrati on
dependence for LVakhon he 20, i e Ll ls WeLei n the
X-axis is nNIuﬂF?éggg%gn?é%?rgg%gh gf gkglgggft%én§F§QP§EF§ inrﬁnits of
DA350/ 20 mi n.: Exgupdeg by shgr AA3t BiomaeFhemicape Conppay SaYaOI R CPX

and DAX ?‘CUV%EQQSOEGQQQQQ_H@'[ hedl seneresbupesare aggregation by I[err]
pol ypept i de. e x-axis is.inn cgnp ntration units . of ggx or. .DAX .and t he
y-axis is Pn units F°F8FFPﬁ§58¥£6 ﬁlﬁ? prdyPersidepiorlude, h of the
results of [[ecbhﬁbhbéng]o%OcaeBihgxthbudngeght@EBAchbbhﬁxgmen pl aced in
Co et SRR SRR kel Beebefite” deeligatnis s eyl o
. having an apparent k,,, of 22.2 ug/ml or 6.3 uM (see :
Figures 3A and 3B); (2) having activity in a pH range of
10 from about 5.5 to about 7.5, wherein 50% activity was
measured at about 6.75 (gee Figure 4A); (3) having a
synergistic effect on commencing or causing the
aggregation of liposomes when combined with a compound
that activates chloride ion efflux in cells having the
15 AF508 mutation, which compounds include CPX, caffeine,
and N,N-dial1y1cyclohexy1xanthine (DAX) (see Figures 5,
6, and 7, respectively); (4) having no increased effect
on commencing or causiné the aggregation of liposomes
when combined with a compound that is known not to
20 activate chloride ion efflux in cells having the AF508
mutation, which compounds include 2-thio-CPX and
isobutylmethylxanthine (IBMX), among others; (5) having a
biphasic interaction with adenosine wherein at lower
adenosine concentrations of 70 and 100 nM there was a
25 modest increase in the aforementipned liposome
aggregation reaction driven by polypeptide Ia, at higher
adenosine concentrations such increase in activity was
not seen, and at 1 uM and greater the aggregation
activity was suppressed; and (6) having an apparent K, of
30 69227 nM with respect to CPX, a xanthine derivative known
to activate chloride ion efflux from AF508 cells.
The present invention also provides certain other
CFTR polypeptides that are contiguous to polypeptide Ia
but, nevertheless, have characteristics that are
35 significantly different. Polypeptide If is a sequence of
' amino acids included in the CFTR protein from position
509 to position 539, and has the following sequence:



of chloride efflux as a percentage of control. Figure 10 depicts a graph of
the results of [[err]d][err] 25 efflux studies of CFPAC cells when pl aced

i n contac npound 5 (CPX). The x-axis represents the | ar
concentrart‘lvﬁnr?yg‘fo&gorrpound 5, and the y-axis represents the rﬁ&sﬁ%ori de
efflux-as a percentage of control. Figureill depicts a graph of the results
of [[err]C][err] 30 efflux studies of CFPAC cells when placed in contact

wi t h conpound Nii3 - G¥SIPEYBNESVIIKACOIEBDIISREARKDNIHGOOH axi S [SBO aEMNG: 3Jhe
nanonol ar concentrati on of conpound 22, and the y-axis represents the. rate
of chloride efflux as a percentage of control 35 Figure 12 depicts a
.graph of the Redypeptdde [l dsanathgr mmneemﬁ@mmom@pca I's when

D G iaaarEL g o 548 U Boretn o Srem postion sag o,

GO i.a - C) c ‘ohexyl xant hi ne e X-
axi s repr €&senPeHHE9 g%%#ﬂ c£3’ﬁtseﬁ"trf'eat "&11 49%: and the y-axis
represents the rate of chloride efflux as a percentage of control 5

Figure 13 depigi scPriteRRBravsYRRYRIRVIcdi¥id®oon  [sEQ 1D NO:4]

These polypep;ides are contiguous or partially overlap

10 polypeptide Ia, yet neither of these polypeptides drives '
the aggregation of chromaffin granules or synthetic
liposomes, nor has any effect on the activity of
polypeptide Ia as disclosed herein or chloride ion
efflux-activating xanthine derivatives. Analogously to

15 the discussion above relating to conservative amino acid
changes of Ia, it is contemplated that polypeptides
having such conservative chenges are further embodiments
of the present invention.

The If and Io polypeptidés-may be prepared and used

20 as free polypeptides, as fragments thereof, or associated
with another macromolecule, as discussed hereinabove for
the Ia polypeptide. The IS8 and Io polypeptides may be
used in affinity chromatography, and used as a negative
control relative to the Ia polypeptide.

25 As with the I« polypeptide discussed above, suitable
sequences of RNA and/or DNA corresponding to If and Io
may be identified by reverse translation/transcription of
the amino acid sequences of the respective polypeptide,
using the genetic code. Accordingly, any suitable means

30 may. be applied for generating the RNA molecules having
any of the following sequences:

18: .

GGN GUN UCN UAY GAY GAR UAY CGN UAY CGN UCN GUN AUH AAR
35 'GCN UGY CAR UUR GAR GAR GAY AUH UCN AAR UUY GCN GAR AAR
' GAY AAY AUH [SEQ ID NO:5]



ef fl ux studies where varying the size of .the 8-cycl oal kyl substituent
(x-axis) of a theophylline derivative is tested for its inpact on K[err]

val ue ([er S Data of the affinity of 8-cycloal kylthe Line
derivativeé&%%ﬂ%ﬂﬁf rat cortical Alerr]-adenosine receptors %##ﬁh‘
striated A2a-adenosine receptors ([err]) ap® shown. Figure 14 depicts a

graph of the result of chloride efflux studies where varying the size of
t he 8-cycl oal k§b: substituent (x-axis) of a caffeine derivative is tested 15

for its inpact R e b T4 of
8- cycl oal kyl elne éérlghglvéé ghkybpxbo i cal EFkaG?ﬁqggﬁ%gﬁﬁ%Q$hy
receptors (.) ﬁAB PAY SENi HA¥dCANePEN- CEc AUE AAR; 662HUGYs QAR TR GAROWN.

20 Det ai bg#l BRYCAURt befy of - the Preferred Enbodi ments TaeoPrpsRet: 6]
i nvention provides polypeptides that have a positive affinity ?or conpounds

that activate chloride ion efflux in CFTR-nutated cells. The pol ypepti des
of the presentAnalegbhemyate ehehgo aeaﬁencporbtharohddmeﬁﬁiﬁ?ﬂhaﬂeﬂn

nanely the seg BEdled %gﬁg by Ehggegoglﬁif E‘r?#ﬁ]val%%t SE ik g%] g eof

havi ng no signi |cant erence in erein.
I[err] is defrﬁ@@P3§e§h§°p§39pé§tN6e5tHad §§Qn§DfN@wﬁamn%)qgﬁﬂﬁmni§Qﬁ¢m

477 to am no aghdwB®3i.ti PBr38xampl8, 2RE BeIphlesi ONOWES,S YIERRKR may
10 be replaced by AGY, AGR, and CUN, respectlvely, without
any resultant amino acid sequence differences. 1In

addition, nucleotide sequences that result in neutral
amino acid charges, as discussed above with respect to
the Io sequences, are contemplated as additional

15 embodiments of the present invention. Moreover, as with
the Io sequence, the RNA-complement of SEQ ID NO:5 and
SEQ ID NO:6, as well as the DNA counterpart sequences
predicated thereon, are included as embodiments of the
present invention, and may be determined by the

20 application of the conventional genetic code by an
ordinary artisan. | _

The aforementioned Ia, If and Io polypeptides or
their functional equivalents may be used in a method for
identifying a CFTR-binding compound. Such a method

25 comprises contacting a putative CFTR-binding compound to

' polypeﬁtide Ia'[SEQ ID NO:1] under conditions sufficient

to allow for binding of the putative CFTR-binding
compound to said polypeptide_Ia, and determining, by any
suitable means, whether such binding occurred, which

30 would be indicative that the putative CFTR-binding
compound was indeed a CFTR-binding compound. By CFTR-
binding compound, it is intended that the compounds to be
identified by the present method will interact with a
cell's CFTR, preferably a mutated CFTR such as AF508,

35 such that the chloride ion efflux mediated by the CFTR

) will be increased, and perhaps restored. Such

interaction between a CFTR-binding compound and the CFTR



NH2-PSEGKIKHSGRISFCSQFSWYNPGWIKENEEF-CCCH [ SEQ I D NGO 1] wherein the
letters betmeen the NH err] and COOH 35 groups are the

capital

conventi onal

single letter synbols for various am no acids, ich
y Pdidsi143as

pr ot ei n- r V9O mencl at ur e WO 96/ 16084

PCT/ US95/ 14345 12 is used hereinbelow for 38EQ ID NO 3 and SEQ I D NO 4 as

wel |l . Polypeptide I[err] [SEQ ID NO 1] may be prepared by (1) anal ytical

preparative pgrprein days e ppovwidesd gy fany neathoatsl evedomiiimanion dfie art
(see, e.g.,

or
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wel | -known i n_the art
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se r ook, et Mpl ecu
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35

¥ Lebt ind U FLUNRL L e ndPapOELS 1 Q98hUL L NP fhe art,
useful to test for positive effect of affinity to
polypeptide Ia and, prefefably, also for neutral or
negative effect of no affinity to polypeptide If and/or
Io. The conditions used for such affinity assays for
identifying CFTR-binding compounds can be optimized using
conventional techniques well known in the art. The method
may identify any suitable compound that selectively binds
to Ia, for example, but not to If, for example, wherein
the compound is a hydrocarboh, including, but not limited
to, a protein, a lipid, a nﬁdleic'acid, or any
combination thereof. '. |

Among the. effects of a CFTR-binding compound of
interest are the following: (1) commences or causes the
aggregation of synthetic pblysaéchéride liposomes when
added to a preparation of (i.e., composition comprising)
such liposomes (described in Example 1); (2) commences or
causes the aggregation of chromaffin granules when added

to a preparation of (i.e., composition comprising) such

chromaffin granules (described in Example 1); and (3)
commences or causes the aggregation of the aforementioned

- liposomes at an increased rate when an activator of

chloride ion efflux of a AFS508 cell is added to such
liposomes (gee Figures 5-7). Activators of chloride ion
efflux ﬁsefui in the context of the present invention
include CPX, caffeine, N,N-diallylcyclohexylxanthine, and
other suitable compounds: No chloride ion efflux
activator that has been tested in conjunction with Ia has
failed to exhibit the phenomenon of increased rate of

liposome aggregation relative to the effect of Ia alone.



present charge nor conformational changes to the pol ypeptide, constitute
farther enbodi ments of the present invention. For exanple, it is believed

t hat the e*amgf“of an isoleucine for a | eucine residue mg&n%?ylﬂ@ve
no ‘efrec It

lLttle or t on the functionality of the pol ypeptide I'a I's al so
contenpl ated that fragnents of la nmay be fu#éctional as well, and thus such
fragnments define further enbodi nents of the present invention. Suitable
sequences of DNA antir®rPFeReRrbringentiensfuythengpyovideisng agthescies o

synthesi s of |{gsatingYcbEls0RavihGCs buahiesar apithangiat tefdactance,
transcription of %he am_no actgbge uence sing the

\ f la SEQ | D NEZ%L
genetic code. BFTRe?SoFYBHIR f lEmﬁ?%gFan8§, PZgvideg. no¥etse” and .
"anti-sense" stomposndseandecpharhatéyt36al coppopdtdionst theyeond nseful .
endi neering of; gl Scéﬂfgﬁﬂ”&feé%é QQeLLﬁEr#nv Egbga&gipphhe RNA sequence
or_Tantl-Sense S, as well.

may constitute the "“sense strands, Accor di ngly,
the present in%REiBHCIBYbethechraatmenrhbatbadi Anved vRRACONtBIRL i juences

recited and/ orcgbls h&¥Bhges +eahieeqi apilaY eurt aghquaransen@itheaappl i ed
for generating, fhe, R0 ol o6y E2eDaVADY GknBliel"Se" S LOMIAS LRI
‘little or no affinity for adenosine cell receptors,

10 partidularly either the A;-adenosine cell receptor or the
A,-adenosine cell receptor, yet stimulates Cl™ efflux. 1In
particular, the method involves contacting such cells
with a compound having the formula '

| P B
. R N
15 . )\ I />'—Ra-
| | 0 N N
Ry

wherein R, and R; are the same.and are C;-Cg alkyl or C;-
Cg¢ alkenyl, R, is C;-Cg alkyl or hydrogen, and Rg is C,-Cy

20 cycloalkyl, or a therapeutically effective derivative
thereof. Such compounds may be characterized with
respect to their réspective affinity for an adenosine
receptor, such as the A;- or A,-adenosine receptor. 1In
particular, the affinities of such compounds can be

25  expressed with respect to a K; value, such as having a Kj
of greater than or equal. to 0.01. Preferred compouhds
have a K; of at least 0.05. Such preferred compounds
include those where Rl'and Ry are methyl, propyl or aliyl,
R, is methyl or hydrogen, and Rg is cyclopentyl or

30 cyclohexyl, and in particular are one of the group
consisting of 1,3-dipropyl-7-methyl-8-cyclohexylxanthine,
1,3-dipropyl-7-methyl-8-cyclopentylxanthine, 1,3-diallyl-
8-cyclohexylxanthine, and 8-cyclohexyl caffeine.



WD 96/ 16084 PCT/ US95/ 14345 13 CCN UCN
GAR GGN AAR AUH AAR CAY UCN GGN CGN AUH UCN UUY UGY UCN CAR UUY UCN UGG AUH
AUG CCN GHe ArfdedUH AAR GAR AAY GAR GAR UUY PCT/US98/14345
[SEQID NG 2] 5 wherein Ais adenine, Gis guanine, Uis uracil, Cis
cytosine, Wis Aor U Yis Cor U Ris R%r G His A Cor U and Nis

G A Cor U and the s¥nbols are organized in triplets to reflect_ the
codons as transl at €8¢ RT&ReHEgAAVEREIYE Betled hag RrGTRHARWRELISY used

10  herei nlﬁeﬁﬁwther tSE@thnlanN_Ooi a&dﬁ!&é}ﬂi@ﬁ&@i@ ekl . 'ﬁ_ié&&ﬁetﬁwa is
sequences tha a Lon.. proyide the sane pQl ypent. eguence or -
its functi ona%sg§§g\géﬁ'&ng§§?§r%8kﬁlt g‘ﬁ‘pl%g\ee&rﬁ&t&fgﬁas?%ﬁ%&%%%%* , the
triplet UCN ceslbe tbptabeveby Hedetiopl dnvadviagl plenvialanisietattGN can
be repl acgd bymihe heibl pbsdERon28eY Sl ke dydtl ' EiHKEKIG I N the

resul tant - pol ypepti de, sequence. I n addition tg the neutral sequence
di fferences iggﬁ PREBhTare; KEIRKALPZy AR RaTSICHIAd] thass (FY eoti de
changes that fibyrogtsceesldsyiburd Athidhagamnal ,t Eictews tarkuman no aci d
sequence, as gh§§§§§ed above, are contenplated as well. Thus, for exanple,
the triplet AUR I'”ch encodes the am no acid -

The compound used in the present inventive method is

10 preferably one that does not have phosphodiesterase
activity. It is also preferred that the therapeutically
effective quantity of the compound is nontoxic. Most
preferably, the compound, itself, is nontoxic or, if
toxic, provides a benefit that outweighs such toxicity.

15 It is further preferred that the compound of the present
invention has a low level of affinity for any adenosine
receptor (such as having a K; of greater than or equal to
about 0.01 mM) as recited above and exemplified below
with respect to A,- or A,-adenosine receptors. With

20 respect to A -adenosine receptors, it is not likely the
compounds of the present invention have substantial
affinity thereto because most xanthines cannot be
accommodated in the Aj-adenosine receptor binding site.
van Galen et al., Medicinal Res. Rev., 12, 423-471

25 (1992) . Especially preferred compounds for use in the
present inventive method are 1,3-dipropyl-7-methylcyclo-
pentylxanthine (DP-CPX), 1,3-diallyl-8-cyclohexylxanthine
(DCHX) , and cyclohexyl caffeine.(CHC); the most preferred
‘compound is DCHX. _

30 - Such compounds and pharmaceutical compositions
containing same, heretofore undisclosed, are themselves
embodiments of the present invention. In particular,
compounds of the present invention first disclosed herein
have the formula

35



I sol euci ne; may be replaced by the triplet CUN, which encodes the isoneric
am no acid | eucine, wthout 25 significant effect on the functioning of
t he cl ai rfiv@ dggAakomaept i de. Any of such sequences may be |i gatmenisysqszas
suitabl e nucleic acid vector for propagation and expression in a suitable
¢ellular- or viral host, using nethods wel Rknown in the art. 30 The
genetic conpl enent of t-he aforestated RNA nol ecules, i.e., the anti-sense
RNA, and the DNA counterparts to the ser®e ang anti-sense RNA nol ecul es are
contenpl at ed as enbodi nents of the pres i nyention. Suitable neans for
generating the aforenmentioned 35R:ise N heir conpl enments, or their

DNA counterparts, as well as those di ngg;gLﬁgeloma include in vitro
pol ynucl eoti de synt hesis of a manual ed ture. WO 96/ 16084
a seduence nay be ligated to other

cl osHd

PCT/ US95/ 14345 14 Once constructedg”SucC
nucl eic acid sequences that specify signals for transcription or
translation, and to yet other nucleic a®gd sequences useful as a vector for
propogati on and/ or '

wherein (a) R, and R, are the same and are methyl or

5 allyl, R; is ethyl, cyclopropylmethyl or hydrogen, and Ry
is cyclohexyl, provided that R; is allyl when R, is
hydrogen and R, is methyl when R, is ethyl or
cyclopropylmethyl, or (b) R, and R, are both methyl, and
R, is hydrogen or methyl, and Ry is cyclohexYlméthyl or

10 cycloheptyl. A preferred compound according to the
aforementioned structure is compound 17, i.e., 1,3-
diallyl-8-cyclohexylxanthine (DCHX)..

Alternatively, or additionélly, a phafmaceutically
acceptable derivative.of DP-CPX, CHC, or DCHX, for

15 example, or combinations thereof as yet further examples,
may be used in the present inventive method, which
provide yet another embodiment of the present invention.
It is desirable that such a derivative have equivalent
therapeutic effectiveness in the context of the present

20 inventive method of treatment. |

The compound useful in the present inventive method
may be administered by any suitable means. One skilled
in the art will appreciate that many suitable methods of
administering the compound to an animal in the context of

25 the present invention, in particular a human, are
available, and, although more than one route may be used
to administer a particular compound, a particular route
of administration may provide a more immediate and more
effective reaction than another route.

30 The compound is preferably administered directly to
the 1ﬁng of a patient. Preferably, the compound is
administered as a pharmaceutically acceptable agueous
solution. It is even more preferable that the compound



5 expression in bacterial, viral, or animal cells. Methods for preparing
stich nucleic acid constructs are well-known i.-n the art. See Sanbr ook et

al ., suprsyoddimoge! ypeptide or a suitable fragnent thereof pepussndssd per
se or it may be associated with another 10 conpound, such as one or nore

am no acids, which may be covalently Hlﬂ«iﬁtogether as a second _
pol ypepti de, 0} €& can roteo car bohydr at spne ot her

sui t abl e macr caWE aé%'ﬁ‘l’%’ q‘%ﬁ%“%f&%’é‘“?ﬁ?%ﬂ'?%ﬁ 58#‘95%8{% de ‘Wi th
anot her macr omﬂrmaﬂmnga;tm Jdiboutstml:odl zeol dlyouwrea®sOD$ wpwabenthéondi ng,

hydr ogen. bondidiun A4S0 Pl Yha ARMALAL Al 1 o4 ALLLCaROR AogX RN ot Vil o

forces, ionic rano ecular bonds or

forces, or an)ﬁftﬁﬁﬁﬁmﬂﬁﬁﬁqm degang ot ea(@nmiéStE%t?‘Wptlﬁbel?%I@fOﬂmy
effectivelgy b x%_fferémlyaraﬁptmé hersi\vbont @dsibii €5 SboREeo 0h1¥0HPwam no

acids to the c or amng termnus, or both termni, solong as its
essential cha téh%sﬁQW?QHn inding to activating nolecules for chloride
ion efflux in CFTR-ThaJtcmmbumi sl s mey dbecadminpsedéred edrddlym of Ihhe 25

i nventive poly, éﬁ%ﬁ AP USES, ?9@ h Lde to
a suitable affinity c rorfatﬂr?era A #%Pﬂsuﬂé égggrﬁuf, gd‘?% ?gﬁégg ¥
ani nobenzy| oxyifeta¥y | amaynt fmfbrmettyq’cblt@llbs‘ég/kg body weight per

10 day. A preferred amount of the inventive compound for

oral administration is about 0.1 mg/kg body weight per
day. Other routes of administration, such as intravenous

and intraperitoneal administration, are also possible.
The compound should be administered such that a
15 -therapeutidally effective concentration of the compound
is in contact with the affected cells of the body. The
dose administered to an animal, particularly a human,’in
the context of the present invention should be sufficient
to effect a therapeutic response in the animal over a
20 reasonable period of time. The dose will be determined
by the strength'of the particular compound employed and
the condition of the animal, as well as the body weight
of the animal to be treated. The size of the dose also
will be determined by the existence, nature, and extent
25 of any adverse side effects that might accompany the
administration of a particular compound and the
particular route of administration employed with a
particular patient. In general, the compounds of the
present invention are therapeutically effective at low
30 doses. The effective dosage range is from about 30 nM to
about 100 nM in the blood. Accordingly, the compounds
- will be generally administered in relatively low doses.
The compound may be administered in a '
pharmaceutically acceptable carrier. The present
35 invention encompasses pharmaceutical compositions
comprising the present inventive compounds and
pharmaceutically acceptable carriers. Pharmaceutically



car boxymnet hyl cel | ul ose hydrazi de, and cellul ose cyclic- 30 car bonat e;
6- am nohexanoi ¢ aci d; sepharose, including sepharose 4B, sepharose 6MB,

sepharos .thiol- sepharose 4B; beads conposed of h '
acryLic,%Bgﬁygggglanide, and agarose; and linear polyacrylégﬁﬁgsbéﬁﬁ?able
reactive noieties, such as hydrazi des, 3523 carbonates, and the |ike, and

sui tabl e activators, such as cyanogen brom de, carbonyl dii m dazol e,
chl or of or nat eagceptabhe takrienayave wppli-buown the tiicmeewhin iaxeed VO

96/ 16084 killed in th - ; ng%/rL‘l_?%'y 345 pl affinity
chromatographs ﬁatr?cég, ugiﬁg ﬁetﬁgﬁscgﬁécﬁa?eria s well-known tq the art,

as provided, #ekexRinpieinpparhebyothespartichdarc LOTESWRSy ashvaldy ag
palges 1?_12- 1_613@I algd z%beicﬁpafcaéth& used tbBr ?ﬁﬁﬁﬂi@ﬁ:eﬁf tﬁ_mse I][err] _

pol ypepti de include. conpenci or_causing t.he_aggregatian .Q Vi ne
e 1 8°  StbasLt fopr o BRRGERTaSLy’ aEBeRY, LA AR Ma e VT
~apparent Kk[ershibab2e. fofwuliyiohsoefctBe[ phapMacesd ikiadu asmiRys idricdr8B) ;

(2) having actkVihy bHPedeRt! 1AVERLEEN10 fromabout 5.5 to about 7.5,
wherein 50% activity was . .. .
" Formulations suitable for oral administration

include (a) liquid solutions, such as an effective amount

10 of the compound dissolved in diluents, such as water or
saline,  (b) capsules, sachets or tablets, each containing
a predetermined amount of the active ingredient, as
solids or granules, (c) suspensions in an appropriate
liquid, and (d) suitable emulsions. Tablet forms may

15 - include one or'more'of lactose, mannitol, corn starch,
potato starch, microcrystalline cellulose, acacia,

~gelatin, colloidal silicon dioxide, croscarmellose
sodium, talc, magnesium stearate, stearic acid, and other
excipients, colorants, diluents, buffering agents,

20 moistening agents, preservatives, flavoring agents, and
pharmacologically compatible carriers. Lozenge forms can
comprise the active ingredient in a flavor, usually
sucrose and acacia or tragécanth, as well as pastilles
comprising the active ingrediént in an inert base, such

25 as gelatin and glycerin or sucrose and acacia emulsions,

| gels and the like containing, in addition to the active
ingredient, such carriers as are known in the art.
Formulations suitable for administration by
inhalation include aerosol formulations placed into

30 pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.
The active agent may be aerosolized with suitable
excipients.

Formulations suitable for intravenous and

35 intraperitoneal'administration, for example, include
aqueous and nonagueous, isotonic sterile injection
solutions, which can contain anti-oxidants, buffers,



nmeasured at about 6.75 (see Figure 4A); (3) having a synergistic effect on
comenci ng or causing the aggregation of |iposomes when conbined with-a
conpound that activates chloride ion efflux in cells having the 15

[err] F508 WO%416%84  whi ch conpounds include CPX, caffeine, XGA/USINIANS

N, N-di al I yl cycl ohexyl xant hi ne (DAX) (see Fijgures 5, 6, and 7,
respectively); (4) having no increased effect on conmenci ng or causing the

aggr egati on of bhcgesdaetaniacn aem*sidmte/s td’ha% GHAdEN E Hd R orntuddtoigh not to

20 activate L ori L Qn, ef in el av [err] FE508 mutagion,

whi ch corrpoundg'glo?i‘grlggew}tpht e °§$§9 iid'tﬁ rﬁ%rhc{}qc& “?#lﬁ'eeqi a& anong

others; (5) haagngoquapﬁagpmaqmaguansunrm&etsuapannmoma\uhauuaanu | ower

aden05|ne conc 0 M 2 I ncr ease
eatclmate Q&sﬁ%n@ng‘“%%g%d‘ é&l%{ﬁl%% 5cm<§w£ﬁfg§/

in the aforenentlone gﬁ % g ti’'on reaction driven peptlde-
I[err], at>hi gREPR.k&anSEARELIiGREENt ARG (Bi%essﬁféf?'?r%%asél'}ﬁ
not seen, and ehnlbbeplrhyb&nécnr:.ﬁahﬁﬁtt-*&bs‘wgﬁegﬁillmdiﬁd \Béam.éws

Suppreosed andohfhHRYO AR R EG Un? V! S T Mg pect
[err] F508 cel | $n InErpegecdriedy ddyiophidlized)r canddis iouy trequigting C@HI&R
pol ypepti des thgab aaale%hl B¥Ohel SURMRCANIRA [Airdid! de‘@E&nﬂﬂéess
have charggterlgtggf %o%tlgggct1ons, immediately prior to use.
Extemporaneous injection solutions and suspensions can be
prepared for sterile powders, granules, and tablets of
the kind previously described. '

The desirable extent of the induction of €1~ efflux

15 from cells will depend on the particular condition or
disease being treated, as well as the stability of the
patient and possible side effects. In proper doses and
with suitable administration of certain compounds, the
present invention provides for a wide range of activation

20 of the rate of chloride ion efflux, e.g., from little
activation to essentially full activation.

The present invention is expected to be effective in
the treatment of all conditions, including diseases, that
may be characterized by a reduced cellular apical C1™

. 25 conductance. In particular, the present invention is
expected to have utility in the treatment of chronic
obstructive pulmonary diseases, especially cystic
fibrosis.

The following examples serve to further illustrate

30 the present invention and are not intended to limit the
scope of the invention. '

EXAMPLE 1
This example illustrates the methods used to assess
35 the membrane-directed activity of certain CFTR
polypeptides, and the results thereof.



35 significantly different. Polypeptide I[err] is a sequence of am no
acids included in the CFTR protein fromposition 509 to position 539, and
has the foll ow ng sequence: WO 96/ 16084

PCT/ US95/ 1 WVu8/16884\NH] er r | - GYSYDEYRYRSVI KACQLEEDI SKFAEKDN! - CCIﬂ"USWlE‘&Q | D
NO 3] Pol ypeptide lo is another sequence ofgam no acids included in the
CFTR protein at fron1p05|t|on 500 to 5 p05|t|on 530, ‘and has the foll ow ng

sequence: NHerr]- < EDERE KACELEFDR-EPRE t 1 dyi! g@?ﬂﬂér«34]

Terr oy el e ieg o C°“t'338“3 chYBRED) Gpmb, i Emo 185t asb iFdadert,

I[err], yet nei't oPPEALEE F?ﬂeﬁfg
chromaf fin gr aandiesmall synihanetlarpdipossmesowelras prepasieid &y ahe he

activity of p°£¥9§95igﬁ %Lsgéksaﬁng%ﬁCLQSEQ-hS&%In %{LQ%EQ'4$%%}scuss|on

ef fl ux- actlvatlng xant erirvatives Ana %ousl
above rel aPi nguf8dcbAseXTRNAGcthfi RE ABi 8 bNARGEs consipsing qf 10

contenpl at ed tRatHERPEgpephi dea aﬁalmgmﬁungngnsQh&auupam&mngagﬁa%efurther
embodi ment s of 41 eRa%EE™h ERYER" LBRscR°akhgitl 2095 Rl WA Gl be
: incubated with different concentrations of the different
polypeptides and/or chloride ion efflux-activating
10 compounds . ' '
Chromaffin granule agaregation asgay: Adrenal
glands were obtained from a local abattoir and
transported to the laboratory on ice within 2 hours of
slaughter. Tissue was processed as described in
15 Brocklehurst et al. in Polypeptide Hormones: A Practical
' Approach (Oxford Univ. Press, K. Siddle and J. Hutton,
eds., 1990) at pp. 237-255. Chromaffin granules were
purified on a step gradient of metrizamide using standard
procedures. After resuspension, the granule aggregation
20 assay was performed as déscribed (Brocklehurst et al.,
supra), and the synexin activity was assessed from the
initial rate of optical density increase at 540 nm.
Briefly, the assay was carried out at room temperature in
a 1 ml quartz cuvette contalnlng the chromaffin granule
25 suspension in 0.3 mol/l sucrose, 40 mmol/l histidine
buffer, pH 6.0, synex;n and variable amounts of calcium
chloride.
eparation of CF olypeptides: Polypeptides were
synthesized at the Yale University Department of
30 Molecular Biology and Biophysics by standard solid phase
methods. The polypeptides were purified by reverse phase
HPLC, and the sequences were verified by direct chemical
sequencing, amino acid analysis, and by mass
spectroscopy, using standard methods well-known in the
35 art. The specific polypeptides were Ia [SEQ ID NO:1], If
' [SEQ ID NO:3), and Io [SEQ ID NO:4]. |



20 as free polypeptides, as fragnents thereof, or associated wth another
‘macronol ecul e, as di scussed herei nabove for the I[err] polypeptide. The

I[err] a ypepti des nay be used in affinity chromat BSN nd used
Qﬂ°é€‘c§% ' ' gg? %s |

-as a negatl trol.relative to the I[err] pol ypepti de. W th
the I[err] polypeptide discussed above, 26itable sequences of RNA and/or
DNA corresponding to I[err] and Io nay be |dent|f|ed by reverse
transl ati on/ t r ansAggpe g ' anudiese andf liiposomesed ve

pol ypepti de, ;HS'[QQQt ke St@”iﬂ' c E\Qd%ho%cqrnd'ﬂ@% oeptd deeas 30
may be appli®€ generatl ng RNA mol ecul € V|n% any of .the follow ng
sequences: |r'3f=r]f°usé\|teﬁrem BEgresRtdon ofy hEeai&inGUN AUH AAR

35 CGON UGYgeAhulleB ©ARtHeRpré¥enidd WEN1AMN ddCIGCN B4RcbaABrask , AtKeAUH
[SEQ I D WO 96/ 16

oSS 4315811&%9}1898@5%9;(%&@&}%&& AREOED 93382550 EQURUON LAY
GAY GAR UAY €smephyally dancGimeAdH Ahe chixtonaf fdnR gyenrudar

aggregation assay. Similarly, the overlapping
polypeptide, Io [SEQ ID NO:4], was also found to be
inactive. These data thus appear to indicate that the
10 action of Ia is specific to the Io sequence.
A titration of the Ia activity, illustrated in

Figure 3A, shows that the k;/; o, was 22.2 ug/ml or 6.3 ‘

pM. A Hill plot of these data (see Figure 3B) indicated
that the Hill coefficient (ny) was 2.6. Similar data
15 were observed using phosphatidylserine liposomes as an
aggregation target, and a detailed titration over_the pH
range between pH 5.5 and 7.5 indicated that the pH for
50% activity was ca. 6.75 (see Figure 4A).
A i £ PS liposom w_C trati £
20 Io: As shown in Figure 2, the aggregation reactions at
high polypeptide concentratibns were initiated promptly,
and followed an apparent first order process that
effectively plateaued within 5-10 minutes. The
cooperative character of the aggregation reaction driven
25 by Ia is quantitatively manifest by the Hill coefficient
- (see Figure 3A), which graphically shows that at lower
polypeptide concentrations the initial rates of
aggregation became small rather abruptly. However, at
much longer time periods it became evident that a
30 significant aggregation reaction still occurred, albeit
with complex kinetics. As shown in Figure 4B, the
kinetics involved an initial lag phase of some 8-10
minutes, followed by a rising phase and a plateau. The
conversion from an apparent first order process'to the
35 more complex process occurred below 2 uM of Ia
' polypeptide, and the complex processes were clearly

I'd



GAR GAY AUH UCN [SEQ I D NO 6] 5 Anal ogously
tto the I[err] sequence, other sequences that encode the sanme or

functional ly equival ent sequences as conpared to SEQ ID NO5 and SEQ ID
NO 6 are ted as well. For exanple, the triplets URFTESNIMId CUR
may 10 be replaced by AGY, AGR, and CUNgorespectively, w thout any

resul tant am no acid sequence differences. In addition, nucleotide

sequences thagvi@éstt ihnanggbeabiepEnBentCidntiey MRtweth @ SLUGiEd glw.ve
with respect fo,the_]'a seguences, e contenpl at.ed as .additional 1
enbodi nents o nt ° Fn¥ent : er, ' ' sequence,

S10u BPRUE D T niint O 2CROvISYe v TRuAY1h G4RSY
t he FNA copplenentAotoBEﬂneghEE& ﬁndvﬁEchB Mad&eﬁdesnﬁﬂbed;mgnbﬁiﬂb:f
counterpart s s QLe - al 4g¥§% S ments o
t he present i%ggﬁgggﬁ?géngh%géﬁgggdgpgg%ﬁﬁe§$ﬁig%he e g@g??g%tion of the
convent i ohal BeREiatl¥oa¥es)apRingdi(ReY y PRlyPsRtide eeguansgfonidied
I[err], I[erries8pdetototPPrRPt HEes abt!t Aelivel Wih @g@re?adm.entmémy be

. a

conpri see corPAEPFRLvE HHFEFIOL BRFRESV AR oG Jo) SRS | [er ]
[ SEQ I D NO 1] thedexisbtedcei ofisasspeicimdntfunctdldnald fporopsxrtyr npasdteadeon
putative CFTReRLNEEPR at the Io site, which property clearly
10 implicates membrane involvement.
E B 2
This example illustrates the specific binding of
certain chloride ion efflux activating cbﬁpédﬁds to Ia,
15 and the inability of certain compounds that do not
activate chloride ion efflux to bind to Ic.
CPX was used as a representative compound known to
activate chloride ion efflux from AF508 mutant cells.
Stock solutions of CPX were prepared in DMSO in the
20 millimclar concentration range. The Io polypeptide (100
nM final pdlypeptide concentration) was dissolved in 100
ul of a buffer solution'containing'so mM TRIS (pH=7.0);
300 mM sucrose, and 10 mM glutathione. After 1 hour of
incubation at 37°C, 1-100 nM 3H-CPX (ICN, specific
25 activity = 109 C;/mole) was added and incubated for a
further 15 minutes. For displacement studies, unlabeled
CPX, or other xanthine antagonists and nucleotides, were
added to the incubation mixture before the radiocactive
probe. The mixture was then filtered through a
30 nitrocellulose (NC) membrane (Schleicher & Schuell) by
using a standard dot blot apparatus. Non-specific
binding of 3[H]-CPX to NC filters was reduced by blocking
filters with 0.3% polyethyleneimine (PEI). The dot blots
were then washed five times with 200 ul TRIS buffer-NaCl
35 solutions (50 mM TRIS pH=7.0, 150 mM NaCl), radioactive
' 'spots were cut out, and the total was radiocactivity
detérmined by liquid scintillation counting. Specific



Q.@Eemﬁsrﬁﬁﬁﬂ, by any suitable

conmpound to sai d pol ypeptide I[err], N st
Ni qgpACED woul [ be i ndicative that

‘means, whet her such bindi ng occurred,

t he puta@EMgnaEIR-binding conmpound was_indeed—aCFIR- bi ndipegrusosmpausd. By
CFTR- binding conpound, it is intended that the conpounds to be identified
by the present method will interact witR& cell's CFTR preferably a

mut at ed CFTR.such as [®rr] F508, 35 uch that . th | ori de, i of f |
Tod ot od by FHEEE-FAnTNG (52 e v AECSRARS (R SRS S |
LgtT/engg} 22 rive \seere S A& Bind e ) gefimped rdy apreiheultkiion with B0 16884
r o ' i tabl nbi nat i f
SR et T MR B BEndnd™ o R e o oneti on of

I oni c, hydrop % _ [ forces, as a function of the
sequence of thee The rhinding of HCRE R dn war dIFatwRRIR Fungtion

cloh CFTR e G e e dat e for
testing as @ﬁ?%i%%r%&c%ﬁ.@pi Foi geugg#éﬁ F‘@ ?8??51‘; o |
positive ef e B, af bspitmgted ficoppehiel Sealticharid pldt dmfescept,, al so for
neutral or indicated that the mole fraction of bound la polypeptide
was less than 1/2000. Displacement of binding was '
10 effected by CPX, caffeine, and DAX, all known chloride
ion efflux activators, but was not effected by IBMX or 2-
thio-CPX, which are known not to activate chloride ion ‘
efflux.
‘These data indicate that a chloride ion efflux
15 activator can bind specifically to Ia, thereby suggesting
that the mechanism of CPX activation of cells bearing the
CFTR (AF508) mutation may be by interaction with the CFTR
molecule itself. Moroever, because of the specificity of

chloride ion efflux activators to bind and non-chloride

20 ion efflux activators not to bind to Ia, these data
illustrate the utility of this method to identify further
CFTR-binding proteins that may have a therapeutic effect
on CF cells. -

25 EXAMPLE 3
This éxample illustrates the effect of CPX on PS
liposome aggregation driven by Ica.
- The impact of CPX on PS liposome aggregation that
was driven by Ix was investigated. The study was done
30 using concentrations of CPS of between 1 and 30 nM
(activation noted in AFS508 containing cells), between 30
and 100 nM (maximum activation noted in the
aforementioned cells), on up to 1000 nM (inhibition of
activation noted in the aforementioned cells).
35 ' As shown in Figure 5, liposome aggregation driven by
' 0.5 ug/ml (0.18 uM) Io alone was very modest. However,
with increases in CPX concentration, the aggregation
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10 negative effect of no affinity to polypeptide I[err] and/or lo. The
condi tions used for such affinity assays for identifying CFTR-binding
conpounds can be optim zed using conventional techniques well kno in the
art. The meobetsossy i dentify any suitable conpound that sel ?@ﬁgyﬁinds
15 to I[err], for exanple, but not to I[@sr], for exanple, wherein the
conpound is a hydrocarbon, including, but not limted to, a protein, a

i pid, a nucl cteacitiah was apyogoebsiweilyn aclhtdvatced Afiey ehdagf faftt s of a

causes the Soqtlaa oa ot L, 5 REPALES, TiRel AR &“HOWaé'f%om vﬁ?%“r?*ﬁﬂﬁ

a preparation Qﬁg¥¢9%t1°%o%§sPP59ﬁVGénﬁltl 3089 NMs GBX, | H:%‘s
in Exanple 1) edP) wWHERBERESCHX - eaﬁ&eﬁt&-ahea%a&awaq&eaf t@rsumfxm n

granul es when added 25 reparation i tion i ng)

such chromaffi %r’aﬂﬁﬁ%st?dggggFﬁeg °E§a%‘@e %;‘ rﬁ?&ﬁ%@@‘ e

causes the aggr emtmimubé t.imaat:ointrentioned Iiposorres at an increased rate

when an activator e} I err Iy,

such 30 i posorregi ‘gé%‘%gﬁésgﬁg% %‘th |s?}§’t ors ai-%h(‘eg.“ et%f on gﬁﬁ ux

useful in the aenrentrationedependeanti bebaviior iofc|ICR¥e witk (daf AR

N, N-di al Iyl cy deraxim iyt &8s 2Rd leyefmsgbbg.gbgtqwounds No chI oride -
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ion eff x
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EXAMPLE 4
This example illustrates the effect of other

xanthines on PS lipdsome aggregation driven by Ia.
Included in the study were certain xanthine derivatives

15 known to activate chloride ion efflux in AF508 (e.g.,
caffeine and N,N-diallylcyclohexylxanthine (DAX)) or not
to activate such chloride ion efflux (e.g., 2-thio-CPX
and isobutylmethylxanthine (IBMX)).

Results from a PS liposome aggregation assay are

20 shown in Figure 6. As is apparent from the graph,
caffeine activates Ia aggregation with low potency, and
does not appear to inactivate Ia aggregation at the
highest concentrations. The inset to Figure 6 shows the
extent of the reaction at the 20 minute time point, such

25 that the aggregation does not level off at all over the
caffeine concentrations tested. :

In the case of DAX, the potency is in the range of

CPX, but no inactivation is seen at concentrations as
high as 300 nM (see Figure 7). The inset to Figure 7

30 shows the extent of the reaction at a 20 minute time
point. From this perspective, one can compare both CPX
and DAX on the same type of plot (Figure 8), whereupon it
can be seen that DAX 1s at least one-half a log less
potent than CPX. However, the efficacies with respect to

35 the chloride ion efflux of DAX and CPX are virtually the

- same. Higher concentrations of DAX were not possible
because of solubility limits.
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activator that has been tested in conjunction with I[err] has 35 failed
“to exhibit the phenonenon of increased rate of |iposone aggregation

relative effect of I[err] al one. WO 96/ 16084
vPCT/USQSF&E§%Qa¥9 The present invention further provides F TS 4?
treating cells having a reduced apical Ggerr] conductance, such as cystic

fibrosis cells, and provi des novel conpounds and pharnaceuti cal
conposi tions therknd¢lusidml ob 2 thibkhePXoahdx IBMK, t hempoandst knowantbve

oo s eobe | SRy s | 4ER1 PELLCbROHN BYOUCTROBERTLLNRLR] | o Navi no

a reduced aplc con ance w erag ective
quantity of @etbapeesy 1¥%a§hﬂaéF$P§tmﬁtéF1ﬁb-aiﬂl heyl #Bpsaﬁén05|ne cel

receptors, lfggrégaticn! aésyyecshoRedt Eaeééeebhpadﬁaestaebeelehtieewtor or
t he A2- enoslne cell r ates C

I n
o a bR st RS Eiat She o LE PREOES ROERRREAPR CH L KB BYnd
havi ng the fbmnmtac@nce¢trﬁmiens tpeto] 1aaddRiLBr uM, arespbetsgetyand are

Cerr]-Clerr] alkyl Ei%fieﬂ t i‘&kﬁﬂlren'%s' $15b8bmb- Shgkbhatkiky! OF

hydr ogen, and R[err 'S
assay provides exact y parallel results with xanthine

dexlvatlves known to be active or inactive at chloride
10 ion efflux activation. '

EXAMPLE 5 (|
This example illustrates the effect of adenosine on
Ig-driven PS liposome aggregation;

15 Adenosine was included in a PS liposome aggregation
aésay. Adenosine had a modest but evident biphasic
effect on the Ia-driven liposome aggregation reaction.

At the lower concentrations of 70 and 100 nM, adenosine
modestly activated the aggregation reagtion. However, at

20 higher concentrations, the activating effect was lost.

At concentrations of 1 uM adenosine and greater the
aggregation reaction was actually suppressed below the
already low control levels. These data thus indicate
that the xanthines, CPX and DAX apparently interact with

25 a site on the Ia polypeptide with affinity for adenosine.

EXAMPLE 6
This example illustrates the synthesis and chemical
analysis of novel xanthine derivatives of the present
30 invention as well as of those previously disclosed.
Alkylation of the N-7 position in xanthine
derivatives to provide compounds 13, 17, 21, and 23 was
carried out as described in Jacobson et al., J. Med.
Chem., 36, 2639-2644 (1993) and Daly et al., J. Med.
35 Chem., 29, 1305-1308 (1986). Compounds 8-12,.14, 18, 19,
' 20, and 25 were synthesized as described in Jaccbson et
al. (Biochem. Pharmacol., 37, 3653-3661 (1988)); Shimada



20 cycloalkyl, or a therapeutically effective derivative thereof. Such
conpounds nmay be characterized with respect to their respective affinity
for an adenosi ne receptor, such as the Alerr]- or Alerr]-ade

receptor. WR946®4cul ar, the affinities of such conpounds CS%%@E’%B““
expressed with respect to a Klerr] value, $uch as having a Kl err] of
greater than or equal tQ 0. 01 Preferred conpounds have a K[err] of- at

| east 0.05. Susth g ef @7 Medongloatids 355! 92e-080s¢1982) B; Randr $hamiimR8t ar e

Cycl bpenty! o250 ?i%@%%éqs—”eﬁir nf%%*r"yféﬁ? P985 b EhPbolidas 7.,

consi sting of 319;'3 1B prapd | 19 -havrd\hedn cdischesgd xint Mithket et al. (J. .

1, 3-di propyl - 1 3 dina
8- cycl oheﬁ/1 ;&’#ﬁ%ﬁsﬁﬁdygcﬁ&%&?sc 3‘7”}1@ afle éhagln &5 al (Lo

PCT/ US95/ B34 M6 Gheme o 328y VL8RP hbe hGemBIRR euilaF ﬁ??il 2By in
the treat ment £ wo/El ids f2 Kb roadenosinds aai-éoﬂureheseecfabhy preferred

phenyl al ani ne Hisear <] Higendmi ARlE, FRtaPapbibpdl) vdcites #‘R&'OQ.VZ' ving
Compound 27 was disclosed in Thompson et al.
Chem., 34, 2877-2882 (1991)).




transnmenbrane regulator, in particular those cystic fibrosis cells found
w thin a mammal, such as a human patient. The conpound used in the present
inventive_nethod is 10 preferably one that does not have

phosphodi BQWU®B activity. It is also preferred that the FFIfU¥dRaliy
effective quantity of the conpound is nontoxic. Mst preferably, the
conpound, itself, is nontoxic or, if toxigg provides a benefit that

out wei ghs such t oxi “|ty 12 It is f Wt er preferred thf}t‘ the ound of
the present invenfgpn h | ow | eveI ni ty for anygaden
receptor (such 38 Bhvi ng $k[ err| of gegeﬁ anl orl e uag to %o§ d. 01
mV) as recited abd¥g rrpllfled & Hith respect tU A[er-r]-or
Al err] - adenosi nar,e,eptors "Wth 20 respect to A3-adenosine receptors it
is not |ikely th#&bnpoends of the prese® +nvént]onl hdve~substgnet all
affinity ther et #P8kause nost xant hi nes cannot be acconmodated in the
A3-adenosi ne recepggpr bgndgng site. van galgn et al., MedgeinalgR&. Rev.,
12, 423-471 25 w=(@pP92) H Hspecial |y gieferiiedjcoppounds #or use i#h tihe
present inventive Spt ho® aRe 1, 3-di pr%y% 7@net hyl cycl o- Bent yI&a@ hi ne
(DP-CPX), 1,3-diallyl-8- cycI ohexyl xant i ne (DCHX) and cycl ohexyl caffeine
(CHO); the mosy pre err§d corﬁound DCSX B § 8 8 )
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30 Such conpounds and pharmaceuti cal conpositions containing sane,
her et of ore undi scl osed, are thensel ves enbodi nents of the present

i nvention. In particular, conpounds of the present inventi '
di scl osedWs66MB4have the formula 35 WO 96/ 16084 Perrdsthass

PCT/ US95/ 14345 21 [err] wherein (a) Rerr] and R3 are the same and are
methyl or 5 allyl, R7 is ethyl, cycloprop#met hyl or hydrogen, and R err]

i s cycl ohexyl, provjded that R[err] is al when R is hydrogen and Rlerr]
is methyl when R73p et®l orBcyRl op ropyl rrethyl or Bb) Riert]] and|R3 are
bot h net hyl, anaRiF| ik dnog§'n§r rrethyl dnde[err iks cycI'chaxy met hyl
or 10 cyclohepty?r ASpr ef efr 64 corrpound according*to the afoﬁeméntioned
structure is coqpqghd 17, i.e., -1,3:- diallyl-8- cyclohexylxantrlne { DCHX) .
Alternatively, of datspnally % pharhaceutii cdl 1y &cept abl ¢ d&r i yative of
DP- CPX, CHC, or , for 15 exanpl e, or conbinations theredf gas}yet
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may be used in the present inventive nethod, which provide yet another
enbodi ment of the present invention. It is desirable that such a derivative
have equi val ent therapeutic effectiveness in the context of %@@ nt 20
i nventi ve WPHA®84: treatnent. The conpound useful in the p ﬁ%;ﬁi\sentive
met hod may be adm ni stered by any suitable neans. One skilled in the art

wi || appreciate that nmany suitable nethods3pf administering the conpound to
an animal in the context of 25 the present invention, in particular a

human, are avai | ablxn andylaéffwy@tbmlt&@fb@ﬁﬂwta&dr&ya@ermdo
adn1n|ster a partlc § nf artlc | ar fq% q% é&l {kstrailon may
provi de a nore :1' t% 13 e‘F u’f%‘éﬁ B VAR AR Rer route. 30
The conpound i @o:preémladbilgg aamide st me]:ludllmgcs + ycydcblhepttam@ylﬂmmcphﬁ ent.
Preferably, t%ﬁ%rpf ?g_r& ‘Eﬂ% @&gﬁ%abl e
aqueous sol ution. ngg%e mnr%éfi era é¥ at e cor%%?i dr

96/ 16084 5 6- am:no -1, -methylurac11 u31ng the foidowing ProLPrcsl e
adnini stered as an TigseAtEd PIEr SGEDY) | Wi GDbsbIed in a minimum volume

of N,N-dimethylformamide (DMF) containing 1,3-dialkyl-
5,6-diaminouracil (1.5 equiv). 1-(3-Dimethylamino-
propyl) -3-ethyl carbodiimide:HCl (1 equiv) was added,

10 followed by a catalytic amount (0.05 equiv) of 4-(N,N-
dimethylamino) pyridine and 0.05 equiv of imidazole. The
mixture was stirred at room temperature for 3 hours, and
saturated sodium chloride solution was added (for 1,3-

dipropyl derivatives, water was used here) to form a

15 precipitate or amorphous insoluble fraction. The
insoluble residue was filtered and dissolved in 4 N
aqueous sodium hydroxide containing sufficient methanol
to obtain a clear solution. The mixture was heated at
60°C for 2 hours or until the complete disappearance of

20 starting material, as judged using TLC (silica plate,
CHCl;; CH,OH; HOAc; 85:10:5 v/v). The mixture was cooled
and acidified to PH 1 with 6 N aqueocus hydrochloric acid
~solution. The precipitate was washed with water, dried,
and further purified using a preparative silica plate

25  (85-95% CHCl,;; 5-15% methanol; 1-5% HOAc).

The new compounds were characterized (and resonances
assigned) by 300 MHz proton nuclear magnetic resonance
mass spectrometry using a Varian GEMINI-300 FT-NMR
spectrometer. Unless noted, chemical shifts are

30 expressed as ppm downfield from tetramethylsilane. New
compounds were characterized by chemical ionization mass
spectrometry (NH,) on a mass spectrometer or in the El
mode using a VG7070F mass spectrometer. Representative
spectral data for compounds 15, 16, 22, and 24 are: H

'35 NMR CDCl, & 3.42 (S, 3H N3CH,); 3.63 (S, 3H NgCH;); 3.89
(S, 6H OCH;); 5.06 (S, 2H, OCH,); 6.8 (S, 2H); 6.78 (d,



contai ning fromabout 0.001 to about 0.01% w w of the conmpound. A
pharmaceutically acceptabl e aerosol is another preferred nmeans of

adm ni stration. The aerosol 5 preferably contains fromabout 0.001 to
about 0. 0IWOWS/AS88 t he conpound. The conpound al so may be a®ETAISANHAY
orally. In such a case, the conpound will be generally admnistered in an
amount of fromabout 0.1 to 1 ng/kg body vgf-%ght per 10 day. A preferred
anount of the inventive conpound for oral m.nistration is about 0.1 ny/kg

body wei ght peary da,y &mﬁEr r-puf 65 Of ('@drr%gj st.;a.; @Pe ﬁ;#]ha.as ig]tﬁ%yenous

and |ntraper|toneal nlstratlon S0’ poSSi e conpound’ $houl d
be adnmi ni st er 8 st mMyYa 4631 5(MHY hasslout3 T 13524 fecti ve concentration of

tge corrPoung Its |nG§¥Hcﬁ£t wdfbgérle aéﬁ&%ﬁ@rsgéﬁswélﬁ@sbaéft e J?ﬁ:t:ﬁeée
admini stered tQ .a a icu unan e copte e
present inventd %nri’é‘h % Lﬁ’f‘?"'&?]%ﬁg @q‘é??ﬁ%?sa ‘#ig %t’F +E€s¥R%se in
t he ani mals ovacqgmbler.eas’orabtmmeraf)cthé d:hmcté'hezabmththdm

det db

condi 11 on of (RaoaRed Glrdlady tF YopFLLELAGITDE O SR At Eflined?
treated. The sqef%uﬁmeﬁe i eroyidediin Tablet2r nvheaebsh%h%o@n%@%rmd

: Pﬁture, and exiiertal dfalyBes®EISomsoiedelivcis dhat21i ghtapeconpany
e

presented.
10
Com- _
pound Yield % M.p.(CO) Formula ) C H N C H N
15 81 - >170 C;sHyN40,.1/4H,0 61.10 7.69 19.00 } 61.25 7.48 18.59
15 16 91 >120 C;7HN,O,.1/4H,0 63.63 7.70 17.46 } 63.62 7.57 17.16
17 — 126128 CyH,NO;.12H,0 6338 7.08 17.28|63.14 7.17 17.32
21 74 236238 CyHuNO, 60.85 7.30 20.27 | 60.77 7.32 20.22
22 73 158-159 C;sH;N,0,.0.15H,0 6148 7.67 19.12|61.76 7.83 18.72
23 84 223225 C;HN,0, 60.85 7.30 20.27 | 60.67 7.31 20.22
20 24 89 199-201 C15H2N402 ' 62.05 764 19 30} 61.97 7.68 19.24
All xanthine derivativés were judged to be
homogeneous using thin layer chromatography prior to
‘bioclogical testing.
25

E P i
This example describes the measurement of chloride
efflux from CFPAC cells in response to contact between
such cells and the xanthine derivatives of the present
30 invention, including protocols required for culturing
such cells and implementing such experimentation thereon.
CFPAC cells are pancreatic adenocarcinoma cells that
are homozygous for the most common CFTR mutation, i.e.,
' deletion of Phe5%® (Schoumacher et al., Proc. Natl. Acad.
35 Sci., 87, 4012-4016 (1990)). CFPAC cells and CFTR-
transfected CFPAC cells (CFPAC-4.7 CFTR) were obtained



adm nistration of a particular conmpound and the particul ar route of

adm ni stration enployed with a particular patient. In general, the
conpounds of the present invention are therapeutically effective at |ow 30
doses. ThWON6{16084i ve dosage range is from about 30 nMto aBGEUSH in
the bl ood. Accordingly, the conpounds will be generally adninistered in
relatively | ow doses. The conpound may be mnistered in a
pharmaceutical |y acceptable carrier. The present 35 invention enconpasses

phar maceuti cal ¢ £GAPRS| 1 LpPe LR | éh@guﬂbeepé Nbf | AVEPAthY & OPHP QteTEs and
phar maceuti cal | y acceptabl e carr$ é Phar ically 96/16084
ed 3t ppew ﬂ%ii

PCT/ USO5/ 14345W8%e 8RLHE AP Be8 SN TR
skilled in thepbatesTh& adadi vxe cémpasédeéfWIééohe'demadﬂmmﬁd in part by t he

particul ar COWB%%PP t i ni ster

the 5 conpositl (REF ng+éﬁ f% g§°fﬁ66%f3% Vart % %%?t%%

fornul ati dhs ofatf esgn@mnnk@%tmnatsémhﬁpgm;¢nhlnn.th@opmméﬁht i nventi on.
streptomycin, 0.25 mg/ml fungizone, and 1% (wt/vol)

glutamine, and adjusted to an osmolarity of 310 mOsm.
All culture materials were obtained from Biofluids
(Rockville, MD). After 5 hours, the medium was replaced,

10 and attached cells were allowed to grow to confluency
during a period of 48-72 hours at 37°C in an atmosphere
of 5% CO,/95% air.

. Before each experiment, cells were loaded with

[3%C1™] as follows. Confluent cells were washed four

15 times in the medium disclosed in Example 6. Then, after
aspirating the last wash, 500 ul of medium containing
about 1.4 x 10® counts per minute (cpm) of [36Cl]—
(Amersham) were added to each well. The plates of cells
were then incubated at 37°C overnight in 5% CO,/95% air,

20 thus allowing [3Cl]™ isotopic equilibrium to be obtained.
To initiate efflux experiments, concentrations of CPX
and/or other xanthine derivatives were added to the
cells, which were then incubated for 15 minutes at 19°C.
After incubating, the cells were washed four times in

25 successive aliqubts of an ice-cold wash medium composed
of 150 mM sodium-gluconate, 1.5 mM potassium gluconate,
and 10 mM Na-Hepes (pH 7.4). At the end of the wash
step, 500 ul of bicarbonate-free flux medium at 19°C was
added, and sampling was initiated by collecting 50 ul

30 aliquots from each well at 0, 1, 2, 3, 5, 7, and 10
minutes. The flux medium consisted of 150 mM sodium
gluconate, 1.5 mM potassium gluconate, 10 mM sodium Na-
Hepes (pH 7.4), 100 pM bumetanide to inhibit efflux due
to the cotransporter, and different concentrations of CPX

'35 or other drugs, e.g., A, -adenosine antagonists and
activators of cAMP synthesis, as required and described -



Formul ati ons suitable for oral adm nistration include (a) liquid solutions,
such as an effective anpunt 10 of the conpound di ssolved in diluents,
such as water or saline, (b) capsules, sachets or tablets, eac t ai ni ng
a predet MR W punt of the active ingredient, as solids P&P"‘gﬁ’&ﬁ&‘gs, (¢c)
suspensions in an appropriate liquid, and (d) suitable enul sions. Tabl et
formse may 15 include one or nore of |acggse, mannitol, corn starch
potato starch, microcrystalline cellul ose, acacia, gelatin, colloidal

silicon di0Xi£ﬁhsﬁb§§§@éﬂ@'éﬁéﬂpﬁéglU”ThéabﬁmoMBQEE?iWHBSBQOrﬁme.StAQFiC
acid, and other excLpignts,, C £orants dil uent s, bf f g agents, 20
noi st eni ng agent s r%ge?§5?i€ ux ?FB%B}Wﬁﬁtagéﬂtg, 8gd B%arnacdlogically
conpati bl e catrichbordacevnie acidswaanaddefr teeat fdénalt concengratiiont in a
L avor, | uSualsy S4CE0sa,EREn L ofibdeRbe! bRIPEARLAINGS rURLbaBE 103EY. | S

t i base, “suc as

conprising the active I ngredient In an I ner C , el atin and
gl ycerin Dr SIRMRLRS Werechtxedewithi dnd, mieps GWHOBRARE| fduddndBAni ng, in

addition to tdésapédVEot NEEIheRhteSUSA GaBeLRMANaESS0OOKBRMALEN1REEOAS T .

Formul ati ons suitable for adm.nistration,by inh tiop include aerosol

formul ati ons FYHEET | bR Brdgya 8 rW?ﬁamé@cgbag Fe gPBBEFFaﬁF§?n§§8h as

di chl or odi f | .was medsumeed poypineezingr pgént deprelsibnken an osmotic
osmometer. See Eidelman et al., supra, 1992.

10 Table 1 summarizes the data derived from at least
four repeats of the chloride efflux experiments using the
xanthine derivatives of the present invention.
Additionally, each data point within a repeated
experiment was computed from the average of efflux

15 measurements performed on four separate cells. The
column labeled "Conc. max (nM)" presents the
concentration of the xanthine derivative at its maximum
impact upon chloride efflux,-and the succeeding column to
the right presents the percehtage of chloride efflux at

20 maximum impact relative to control. The column labeled
"thresh (nM)" presents the minimum concentration of the
xanthine derivative required to detect an effect upon
chloride efflux, and the succeeding column to the right
presents the percentage of chloride efflux at minimum

25 detection relative to control. As can be seen in Table
1, the range of maximal stimulation is from about 3 nM
(for compound 14, for example) to over 10% nM (for
compound 3, for example). Percentage increases over
control at the maximum stimulation concentrations ranged

30 from about 10% (i.e., non-effective compounds such as
compounds 2 and 12) to about 260% +/- 70% (for compound
17) . The concentration of the xanthine derivative at
threshold stimulation of the chloride efflux ranged from
0.1 nM (for compound 13, for example) to about 10% nM

'35 (for compound 20, for example). Percentage increases
over control at the threshold stimulation concentrations



The active agent may be aerosolized with suitable excipients. Fornulations
suitable for intravenous and 35 i ntraperitoneal admnistration, for

exanpl e, | &H#gﬁm@queous and nonaqueous, isotonic sterile

sol uti ons, W an contain anti-oxidants, buffers, 3@?@%&%&}*“
PCT/ US95/ 14345 24 bacteriostats, and solutes that render the formul ati on
I sotonic with the blood.of the intended reyg pient, and aqueous and

nonaqueous steril e suspensions that can include suspendi ng agents,
sol ubi I'i zers, dangadrirun 3 20fenifor teipoundrs2) tal ghaseri/z0% vekor The

f or.mul ati ons égﬁl nt [ dose or nulti-dose seal ed cont ai ners,
Vlgﬁa £k | ék&ﬂgi

such as anpules and can be stored in a freeze-dried
(1yophilized) Condlffﬂ'Qﬂh thege daka orand e wmf)rl:hﬁ R#ﬂafes}f@qq ©f i qui d

g{rler for examy Eht ljébseil"ﬁ’{&{ceri@faa&{&r?%f Bt&réigfefé@ use.
C e o e A e L e 00
undeslred side effects, it is evident that compounds 6,
7, 13, 14, 17, 19, and 25 are preferred compounds in view
of their noted ability to stimulate chloride efflux at uM
or lesser concentrations.

10 Figures 9-12 present flux study data that is
presented graphically for compound 1, i.e., theophylline
(Figure 9); compound 5, i.e., CPX (Figure 10); compound
22, i.e., 8-cyclohexy1methy1 caffeine (Figure 11); and
compound 17, i.e., 1,3-diallyl-8-cyclohexylxanthine

15 (Figure 12).  The vertical axis in each of the graphs of

_ Figures 9-12 represents the rate of [36Cl]~ efflux (FA) of
the radiolabeled chloride as a function of the
concentration of the compound tested (horizontal axis).
These were calculated by linear regression of the log

. 20 (FA) as a function of time, using standard techniques,
and are presented as a percentage relative to the rate
constants of control wells on the same plaﬁe.' Data were
handled with a Quatro-Pro 4.0 program. The error bars
represent the S.E.M. vélues of four experiments (i.e.,

25 n=4). |
As can be seen by simple observation of Figures 9-

12, each of compounds 1, 5, and 22 has the characteristic
of inducing 200% of the efflux rate as compared to
control. Compound 17 also demonstrates in excess of 100%

30 of the efflux capability of the control, but to a lesser
extent as compared to the other three compounds. Of the
four compounds whose results are presented herein
graphically, compounds 1 and 22 have little affinity for
either tested adenosine receptor, compound 17 has

'35 moderate affinity for A, receptors (K; = 0.07), and

. compound 5 has extreme affinity for A, receptors (K; &



The desirable extent of the induction of G [err] efflux 15 fromecells
wi || depend on the particular condition or disease being treated, as well
as the stability of the patient and possible side effects. I n proper doses
and with sWPS88®45dni ni stration of certain compounds, the PBFEISHY1I434S

I nvention provides for a wide range of activation 20 of the rate of
chloride ion efflux, e.q., fromlittle actdyguation to essentially ful
activation. The present i nvention is expected ta be effective in the

treatment of @ looos)diti 16@@3@@&@@1&9@%‘1‘53@{5‘ riay ﬁ@s char-acterized
by a reduced ceIILuii a |caI E%%er onductance. articular, the
present i nventS*@Ry Q§d§;¥ %RYI 9%/4114ﬁﬁ?HﬁQ§ﬁ of chronic
obstructive puompoamd & ,sdoxeexatmyyler, atdnpauteld X7 fhds dsen shiowrd aid dve ng
exanpl es serv r I . Dr :wﬁﬂg :ﬁﬁfb re not
I ntended to es %]tﬁ'é}ars}%ga) "lcé'%t h?fl%'rf%agc ?%Qng%r% 1S eXa 3

i | lustrat®s twéfrietmmawéé% asanptet in tﬂﬁ;blrmribr%énamm A80%ity
of certain CFHR Rt ifdRs conpiburdie 1Psuddud FIEPlof control for

compound 5) .

EXAMPLE 8

10 This example illustrates assays for the detection of
adenosine receptor binding and the results of such. assays
performed in partial characterization of the novel
xanthine derivatives of the present invention.

Rat cerebral cortical membranes and striatal

15 membranes were prepared according to the procedure of
Hide et al., Mol. Pharmacol., 41, 352-359 (1992) and
treated with adenosine deaminase (2 U/ml) for 30 minutes
at 37°C prior to storage at -70°C. Solid samples of the
adenosine derivatives were dissolved in dimethyl

20 sulfoxide (DMSO) and stored in the art at -20°C. The
stock solutions were diluted with DMSO to a concentration
of s 0.1 mM prior to addition to the agqueous medium. The
final concentration of DMSO in the assay medium was
generally 2%.

25 - Inhibition of binding of 1 nM [3H]N®-
phenylisopropyladencsine (Dupont NEN, Boston, MA) to A,
receptors in rat cerebral cortex membranes was measured
as described in Schwabe et al., Naunvn-Schmiedeberg's
A;gh; Pharmacol., 313, 179-187 (1980), and Jaccbson et

30 al., J. Med. Chem., 36, 1333-1342 (1993a). Membranes
(*100 ug protein per tube) were incubated for 1.5 hours
at 37°C in a total volume of 0.5 ml of 50 mM tris
hydrochloride at pH 7.4. Test drugs were dissolved in
DMSO and added in 10 ul aligquots, resulting in a final

‘35 DMSO concentration of 2%. Bound and free radioligand
were separated by addition of 3 ml of a buffer containing
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Li posone aggregati on assay: Phosphatidylserine ("PS', obtained from Avanti)

was di ssol ' hl orof orm and small unilanellar |iposo par ed
by the ex?&égﬁ%ﬂmﬁrocess known in the art. A Lipex nachingeaﬁéﬁégngﬁged to
extrude the PS in a buffer consisting of 10 mM Na-HEPES, pH 7.2 and 1 nmM

EDTA. The |iposones were diluted to-a fingp optical density at 540 nm of
0.01 and incubated with different concentrations of the different

gglypef}!des aodertrhbohydgobhmoeﬁaéuxagcpavathratée°c,Cﬁﬁmguwéa.gyf
romaffin gr a kon assay: . Adrena wer e _obt ai ne rom a
| ocal abattoi?ggkgmt?gagggkfgﬂ P81Pﬁ93|§58P§Fér§egﬂ ?EgvﬁFFﬁFn 2 hours of
sl aught er. Ti §Buanded,pGaitberdburgdeMD)i bed anWhBtmaBr GEKBegllass et al. in
Pol ypepti de eg: r gétiC h r ' Ppess, ok Siddle
and J. Huttozbigggf?l%gsg)agkh aadggg?ggg.wé%?%%a???ﬁiéPgnglég agre

gr

at p [~ 49 . A
purified on aP¥ aHPEﬁFPSFlsiFrP%&ﬁF&S wWasngetezpdhed pibBedifrdY¥. Afte
r esuspensi on, 2tbhlgreadenosggeecgat i on 20 assay was performed as descri bed

(Brocklehurst et alnn;BYRI8h: o8 B:1hAEngY BE 5 nftC b} E¥s 9268552284 OM

t he
[(2~-carboxyethyl) -phenyl] ethylamino] -5'-N-ethylcarbox-

amidoadenosine) (Dupont NEN, Boston, MA) to A,, receptors
10 was carried out as reported in Jarvis et al., J.
rmacol . . erap., 251, 888-893 (1989). Membranes
(80 ug protein per tube) were incubated for one hour at
25°C in a total volume of 0.5 ml of a buffer solution
consisting of 50 mM tris hydrochloride and 10 mM MgCl, at

15 pH 7.4. Test drugs were dissolved in DMSO and added in
10 pl aliquots, resulting in a final DMSO concentration
of 2%. Non-specific binding was defined using 20 uM 2-
chloroadenosine. Filtration was carried out using .a
Brandel Cell Harvester, as above, using the )

20 tris-HC1l/MgCl, buffer recited hereinabove as the washing
buffer. . _

At least six different concentrations spanning three
orders of magnitude, adjusted appropriately for the ICg,
of each compound, were used. ICg;, values, computer-

25 generated using a non-linear regression formula on the
GraphPAD program (Institute for Scientific Informationm), .
were converted to apparent K; values using Kp values
(Jacobson et al., gupra, 1993a; Ukena et al., FEBS
Letters, 209, 122-128 (1986)) of 1.0 and 14 nM for

30 [3HIPIA and [3H]CGS 21680 binding, respectively, and the
method of Cheng et al. (Biochem. Pharmacol., 23, 3099-
3108 (1973)).

The results of the adenosine receptor binding
studies are presented in Table 1 for all of the xanthine

35 derivatives under the columns "K;, uM (A;)" and "K;, uM
(A,) ." Receptor antagonists having a high affinity for a



initial rate of optical density increase at 540 nm Briefly, the assay was
carried out at roon1tenperature inal n1_ﬁ%ar12'cuvettc* ont ai ni ng the

chromaffin suspension in 0. 3 1P PIEETURDBEEN 1o

hi sti di ne pH 6.0, synexin and varj abl &8 s of céﬁ%ahﬁ$?ﬁﬁ%ride.
Preparation of CFTR pol ypepti des: Pol ypepti des were Synthesi zed at the Yale
Uni versity Departnent of. 30 Mol ecul ar Big ogy and Bi ophysi cs by standard

sol i d phase nethods. The pol ypeptides were purified by reverse phase HPLC,
and the sequerpaarxi/mhr/al‘édépxbnbyaf& r eharadicst L2ed Siey Usaeimg , very rfmmci d

anal ysi s, and C [

t he %5 art. 1@%@3%53? I'C po e%g‘é'p e:.%e‘g&we# aﬂ?{er rﬁ%é%sﬁ%‘{%% err|
[ SEQ I D NO 3] famndhe 4;5B0d B NDegeptorsiD ggycksaingly, it can be seen
PCT/ US95/ 14345tt?aft RS d O.*ﬂ ﬁl.is CKE[ ffih:% %Fstﬁé‘dA

o drt ve Sogr SURTP GOMRRH c‘#{:ﬁa & 'Sﬁe%?égéne“ﬁéoi Y
CaCl [err]. By rendptasds ﬁéEted
Figures 13-14 also depict data derived from the
receptor studies described above, with particular
reference to ascertaining the effects of changing ring
10 size of the 8-cycloalkyl substituent on binding at
adenosine receptors. Values for rat cortical A,;-
receptors (closed circles, @) and rat striatal A,,-
- receptors (open triangles, A} are incorporated into the
graphs. The affinity of 8-cycloalkyltheophylline
15 derivatives (Figure 16) and the affinity of 8- .
cycloalkylcaffeine derivatives (Figure 17) at A,- and A,-
receptors are shown. Values are given as the average of
two or three (+/- s.e.m.) determinations performed in
triplicate. Data for 8-cyclobutyl derivatives are from
20 Jacobson et al., J. Med. Chem., 36, 2639-2644 (1993b).
Figures 13 and 14 demonstrate that among derivatives
of theophylline (1,3-dimethylxanthine), the cyclopentyl
énalogue, compound 4, had the highest A, affinity. Among
derivatives of caffeine kl,3,7-trimethylxanthine), the
25 cycloheptyl analogue, compound 24, showed some A,,
affinity (6-fold), whereas smaller ring sizes (4-6) had
little to no affinity (Jacobson et al., supra, 1993b).
These structure activity relationships diverge greatly
from those observed for the same compounds in stimulating
30 C1T efflux. ' _
The results provided above, when considered in toto,
indicate that compounds 6, 14, 17, and 19 provide the

characteristics of substantial efflux activity at low
‘concentration ranges coupled to a lack of activity at the
'35 adenosine receptors.

This Sheet Has Been Reilaced

LU




5 contiguous polypeptide I[err] [SEQ ID NGO 3] was found to be essentially
inactive in the-chromaffin granule aggregation assay. Simlarly, the

over | appi na,‘ﬁﬁllmpt ide, lo [SEQ ID NO 4], was al so found t?cii‘ﬁlsbm ve.
als spec

These data thHuS appear to-indicate that the 10 action of 1fic
to the la sequence. Atitration of the la activity, illustrated in Figure
3A, shows that the k[err] app was 22.2 [eur]g/m or 6.3 [err]M A H Il plot
of these data (see Figure 3B) indicated that the H Il coefficient (n[err])

was 2.6. Simlar ien XEsultbeeref dhmemes eckamples dmbigtatte dHateditnds

| i posones as | Ofy st 3 | ' il H
ange. bet woen EOFEHIS 0! Bdtles 6 ChyfSils hele gyt EAIINGAT
6.75 (see Fi g@tdopide ARR @ffiliuwh usings an o gidgra, L iresamstc &and/8%5 ons of
§8| I[te_r%]: c&masimt t_iirfg RisBHS; %_rtd h?)a%@gafgfmm]{deﬂaﬁ;wimm

ypeptidge c entrations were initiate Ke] a ol | owed an

L S R el A e, BT nas TN S . 10

ﬁ?ﬁﬁ::g. Thésedgéeﬁa;?WEgchaﬁadgercaftmheAggggEgaegna regeptom, dsuetnasds
by 13 ['s quantdduidutelel dTand ooty biest N 1 line 4gldd Seticdasemdl ure 3A),

whi ch graphic ws t'’hat_ ‘at” 1‘ower pouype tide concentrations the

initial rates GTRJIHEFARIAT WAt AOTMRAUD heThep thsmapeutdtever, at

advantages of a drug that is able to activate chloride
10 - efflux from CF cells specifically without having an
impact or substantial impact at adenosine receptors are
appreciable, given that such drug action would be less
encumbered by undesirable side effects to other tissues.

15 All of the references identified herein, including
patents, patent applications, and publications, are .
hereby incorporated by reference in their entireties.

While the invention has been described with an
emphasis upon preferred embodiments, it will be obvious

20 to those of ordinary skill in the art that variations in
the preferred method, compound, and composition can be
used and that it is intended that the invention can be
practiced otherwise than as specifically described
herein. Accordingly, this invention includes all

25 modifications encompassed within the spirit and scope of
the invention as defined by the following claims.



much longer tinme periods it becane evident that a 30 significant
aggregation reaction still occurred, albeit with conplex kinetics. As shown
in Figure 4B, the kinetics involved an initial |ag phase of -
mnutes, fHOWH4y 2 rising phase and a plateau. The convé’f‘%&#’gﬁ an
apparent first order process to the 35 nore conpl ex process occurred
below 2 [err]Mof |a pol.ypeptide, and tt];e3 conpl ex processes were clearly-
WD 96/ 16084 PCT/ US95/ 14345 27
evident in a dose dependent manner gejomes rdsfrnd 2 [err] M Bel ow about
0.4 [err]M all activity virtually ceased. Accordingly, I[err] drives the
above- desgy.i ‘egation phenonmena whereas the adjacent :
(Iferr]) gl{’ ggig%#}?'rﬁ%ﬁﬁ%appi ng (1o0) polypeptide sequence, with respect
to CFTR, does (DpaPELICANTS UrHE ORTIEDUSTATES. OFf ASERICAC CREPRESENTED! B ITEBEQat | ve
control clearly il | SECREFARY, DERARTMENT COFCBEATH AN HOMAN SERNICESOnal property

I d on CE | | 0
B
IN ANIMAL CELLS

(iii) NUMBER OF SEQUENCES: 6

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(v) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: WO -
{B) FILING DATE: 06~NOV-1995
{(C) CLASSIFICATION:

(vi) PRIOR APPLICATION DATA: .

(A) APPLICATION NUMBER: US 343714

(B) FILING DATE: 22-ROV-1994

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: polypeptide

(xi) SEQUENCE DESCRIPTION: SEQ ID RO:1l:

Pro Ser Glu Gly Lys Ile Lys His Ser Gly Arg Ile Ser Phe ggs Sex
1 5 . 10

Gln Phe Ser Trp Ile Met Pro Gly Thr Ile Lys Glu Asn ggu Glu Phe
20 25 _

{(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 96 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: mRNA (genomic)



This exanple illustrates the specific binding of certain chloride ion
efflux activating conpounds to I[err], 15 and the inability of certain
conpoundswbbaieegp not activate chloride ion efflux to bi ndpdguddsassas. CPX
was used as a representative conpound known to activate chloride ion efflux
from[err] F508 nutant cells. Stock solutions of CPX were prepared in DVSO
in the 20 m | linmolar -concentration réaage. The I[err] polypeptide (100 nM
final pol ypeptide concentration) was dissolved in 100 [err]l of a buffer

sol ution cofitidi SFQRFNGE DIRVCRIFTIONDHISEQ TP NOBO nM sucrose, and 10 mV

gl ut at hiceRGenchkl CEnahrREHA ﬁ&%&g%&gﬁlgmlﬁg@%@ah&%nﬂéé [err]dg CPX

(ICN, specific 25 activity = dded and i ncubated for
a f urt hUHAGRAENG IGNACNAUHRA REARABYGRRCGRRIUYSt udi es, unl abel ed CPX, or 98 her

xant hi n n ] eqiigdes, were added to the incubation m xture
a3 hadRRkEIc B0 S ARl

bef ore ve pro € mxture was then filtered through a 30

nitrocel | ul ogig &BEUENCE dHARRETERESTHOSE Cher & Schuel | ) by using a standard dot
bl ot appar at us. iag4df 3[H -CPX to NC filters was reduced

if 3L ami
by bl ocki ng filtg);;s ;g@:ﬁ ghyl enei mine (PEI). The dot blots were
t hen washed five(dy mosomckh ¥Yi@arerr]l TRI S buffer-NaC 35 solutions (50

mV TRI S pH=7.0, 150 mM NaCl ), radi oactive spots were cut out, and the total
was radi oacf$y) BQLECULE TYPE: polypeptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Gly Val Ser Tyr Asp Glu Tyr Arg Tyr Arg Ser Val Ile Lys Ala Cys
1 5 10 _ i5
Gln Leu Glu Glu Asp Ile Ser Lys Phe Ala Glu Lys Asp Asn Ile
20 25 30
(2) INFORMATION FOR SEQ ID NO34s
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: polypeptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO14:

Gly Thr Ile Lys Glu Asn Glu Glu Phe Gly Val Ser Tyr Asp géu Tyr
p 5 10

Arg Tyr Arg Ser Val Ile Lys Ala Cys Gln Leu Glu Glu ggp Ile Ser
20 . 25 '

{2) INFORMATION POR SEQ ID NO:5:
{1i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: mRNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
‘GGNGUNUCNU AYGAYGARUA YCGNUAYCGN UCNGUNAUHA ARGCNUGYCA RUURGARGAR 60
GAYAUHUCNA ARUUYGCNGA RAARGAYAAY AUH 23



deternmined by liquid scintillation counting. Specific 28 [err] H CPX
binding to la was determ ned by subtracting the non-specific binding,

defi ned b)@v‘%@@&lbati on with 10 [err] M unl abel | ed CPX, fr ofitiypsesiiabdsndi ng.
The binding 0 CPX to la was a saturable function 5 of the CPX
concentration. A fit of the data to a Scatchard plot showed the KD, app to
be 69[err]27 nM(n=4). The Blerr], estigsted fromthe Scatchard pl ot
intercept, indicated that the nole fraction of bound I[err] pol ypeptide was
| ess t han2i/2CosMATIONDFGR SR@MD 86:642 ndi ng was 10 effected by CPX,
caffeine, and D | K chI(s)ri de ion efflux activators, but was not
effected by | %&%ﬁﬂ;ﬁﬁﬁp are known not to activate chloride
ion efflux. These(sgamnﬁéheﬁie ¢ a chloride ion efflux 15 activator
can bind specifi ct®) BTRANDEDNESShesiglesuggesti ng that the nmechani sm of CPX
activation of cel & BB2PHOGY: tHI®#ETR (DF508) nutation nay be by interaction
wi th the CFTRijOkEGHeuEE |¥v®8t fmrnaMOr OEVEr, because of the specificity of
chloride ion efflux activators to bind and non-chl oride

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GGNACNAUHA ARGARAAYGA RGARUUYGGN GUNUCNUAYG AYGARUAYCG NUAYCGNUCN 60
GUNAUHAARG CNUGYCARUU RGARGARGAY AUHUCN . 96



have a t hgpIgRsisisC e IIs msssnms
EXAMPLE 3 This exanp S the effect of CPX on PS | posone

aggregation driven by la. The inpact of CPX on PS |iposone aggregation that
was driven by I[err] was investigated. Thé study was done 30 using
concentrations of CPX of between 1 and 30 nM (activation noted in AF508
cont ai ni ng cHWHAL) ISHELAIMEDRASAnd 100 nM (nmaxi mum activation noted in the
af orenenti oned cells), on up to 1000 nM (inhibition of activation noted in
t he af orenenti oned cellsg. 35 . As shown in Figure 5, |iposone
aggregation drivert-by & ol¥pepgife sglestes from thea@ZR¥Pwas very nodest .

Hoyvever, W t bompeisdngs pol ypeitddec dal r[$EQOIID NOs 13g0pedpeptide 1P
96/ 16084

514345 29 reaction
was progressﬁvg ID |vagédagptgPlgpF£§¥gF &Sb#ggbnég ﬁé é?ﬁtnutes. The
maxi mum rate and extent of

' 2. The polypeptide of claim 1, wherein said
polypeptide is linked covalently to an affinity

chromatography matrix.

20 ion efflux actl oS4l Bben lhmmd léé —1nesq data illustrate the
utility of this net M“ﬂ }IE funt ‘&i&:ﬁ'aﬁ |"rg protei ns that may

3. The polypeptide of claim 2, wherein said ‘

affinity chromatography matrix is sepharose, agarose,
polyacrylamide, or cellulose.

4. A method for identifying a CFTR-binding
compound comprising contacting a putative CFTR-binding
compound with polypeptide Ia [SEQ ID NO:1] under
conditions sufficient to allow for binding of said
putative CFTR-binding compound to said polypeptide Ia,
and determining whether such binding 6ccurred, an
indication that said putative CFTR-binding compound is a
CFTR-binding compound.

5. The method of claim 4, wherein said CFTIR-
binding compound has a neutral or negative affinity for
polypeptide If [SEQ ID NO:3] or polypeptide Io [SEQ ID
NO:4].

6. The method of claim 4, wherein said CFTR-
binding compound causes the aggregation of liposomes when
added to a composition comprising said liposomes.

7. The method of claim 4, wherein said CFTR-
binding compound causes the aggregation of chromaffin
granules when added to a composition comprising said
chromaffin granules.

* c L M S *



-
aggregati on was observed at 100 nM_ CPX; er fell when the CPX

concentration was rarrﬁeslhebtd'l Jaced THiBeSHﬁﬁ§é‘|b°~stQ§EP|'gure 5 shows the
extent- of woereesat i on g tti re PERWACEPAccoridi nglpCTiSER4sat 2
atl

show a parall el betmee €havi or of CPX with
(1) [err] F508 containing cells and (2) Ia aggregation. 10 EXAMPLE 4 This
exanple illustrates the effect of other x&® hines on PS |iposone
aggregation driven by I[err]. Included in the study were certaln xant hj ne
derivatives 15 krfown t{Thediethed ofelaim 7orwherein said eompositieng.

caffeine and Ndnslisis essen i)y xont Sai® ¢R¥ONAfPin GFah@lést i ai emmuch
chloride ion 4é;m (e.g., 2-thio-CPX and isobutyl nmethyl xant hi ne (I BMX)).

Results froma 3 |posone aggregati on assay are 20 shown in Figure 6.
As is apparent fromthe graph, caffeine actlvates I[err] aggregation with

| ow potency, and dops noi RS P ¢ gat #férf BESE£9344 0 at the

hi ghest concentrations. The_inset to Figure 6 oWs t e, extent o
reaction at tN@@ﬂ?%ﬂ*ﬂu¥§?4rﬁfrﬁﬁ ,txeRtment, ??Eﬁr%¥kpﬁggregatlon does

not |evel off smdmiristwswing he aﬁf@mwtéﬁewﬂé&&h@mt of a
compound having the formula

R

A >_R,.

Ra

wherein R; and R; are the same and are C,;-C¢ alkyl or C,-
Cg alkenyl, R, is C,-Cg alkyl or hydrogen, and Rg is C,;-Cj
cycloalkyl, and wherein the K; with respect to said
compound and an adenosine receptor is at least 0.01.

10. The method of claim 9, wherein R; and R; are
methyl, propyl, or allyl, R, is methyl or hydrogen, and Rg
is cyclopentyl or cyclohexyl.

11. The method of claim 9, wherein said mammal is a
human.

12. The method of claim 11, wherein said compound
is selected from the group consisting of 1,3-dipropyl-7-
methyl-8-cyclopentylxanthine, 1,3-dipropyl-7-methyl-8-
cyclohexylxanthine, 1,3-~diallyl-8-cyclohexylxanthine, and
8-cyclohexyl caffeine.

_ 13. _The method of claim 12, wherein said compound
- is 1,3-diallyl-8-cyclohexylxanthine.

A A A



In the case of DAX, the potj
IS seen at concentrations

tS—in _t herhis & BheB lmbmt no inactivation
ngEa's-f 0- n The inset to

Figure 7 30oesibtgys the extent ,hsgmml nt.

Fromt hi s perspective, one can C an DAX on t e sane type of

W«EDreac
pl ot (Figure 8), whereupon it can be seen that DAX is at |east one-half a
log | ess potent than CPX. However, the ef#Bcacies with respect to 35 t he
chloride ion efflux of DAX and CPX are virtually the same. Hi gher
concentrations of DAX wEhe methpdseofbicdaliec Suswherednl spid cpmpoupdsis WO
96/ 16084 administered to th of said huagy US95/ 14345 30 I ncl usi on
of 2-thio-CPX and | BMX conpoungs kng to be inactive as activators of '
chloride ion efflux fromcells bearing the [err] F508 nutation, in the
| i posome aggregati @B.asghg méened b&e&&adm@unmetrelhe saidi eempolnd

concent rati onde Bapghy 8 srel B Rn’ RAUEIRS BhatiatSisiban BlpoBision
| a-driven PS Copbsenbnsggregaabontagsﬁﬁlpmovﬁb@gteﬁa@ﬂﬁywﬁarQﬁléﬁlﬂesults
wi th xant hi negompound.

16. The method of claim 9, wherein said K; is at
least 0.05.

17. A compound having the formula

wherein (a) R, and R; are the same and are methyl or
allyl, R, is ethyl, cyclopropylmethyl or hfdrogen, and Rg
is cyclohexyl, provided that R; is allyl when R, is
hydrogen and R, is methyl when R, is ethyl or
cyclopropylmethyl, or (b) R, and- R3 are both methyl, and
R, is hydrogen or methyl, and Rg is cyclohexylmethyl or
cyclocheptyl.

18. The compound'of claim 17, wherein said compound
is 1,3-diallyl-8-cyclohexylxanthine.

18. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound having
the formula

G
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derivatives known to be active or inactive-at chlorjde ion efflux
activation. EXAMPLE 5 This exanpl e irl“StLﬂh§§HE§FH§§§§§¢ of adenosi ne on
: EP

I[err]-driv | posone aggregation. 15 LASENO0Si nk | din
a PS 1iposo§@°§§%¢%§ation assay. Adenosi ng_had _a nndest thmgévggﬁbggg :
bi phasic effect on the I[err]-driven |iposone aggregation reaction. At the
| ower concentrations of 70 and 100 nM adegesi ne nodestly activated the
aggregation reaction. However, at 20 higher concentrations, the
activating effect was |lost. At concentraﬁsons of 1 [err]M adenosi ne and
greater the aggregation reaction was: actygally ppressed bel ow t he al ready
| ow control |evels. These data thqg (ndigqte that the xanthines, CPX and
DAX apparently interact with 25 -a si I[err] polypeptide with
affinity for adenosine. EXAMPLE 6 Thi s} exanjpl e jfTuB§rates the synthesis
and chem cal anal ysis of novel xanthj jyi ves of the present 30
~invention as well as of those previ uslyl I scl osed. Al kylation of the N-7
position in xanthine derivatives to provigle conpounds 13, 17, 21, and 23
was carried out as described in Jacobson @ al., J. Med. Chem, 36,

. 2639-2644 (1993) and Daly et al., J. Med.

wherein (a) R, and R; are the same and are methyl or
allyl, R, is ethyl, cyclopropylmethyl or hydrogen, and Rg
is cyclohexyl, provided that R; is allyl when R, is
hydrogen and R; is methyl when R, is ethyl or
cyclopropylmethyl, or (b) Ri and R, are both methyl, and
R, is hydrogen or methyl, and Ry is cyclohexylmethYl or
cycloheptyl.

20. The pharmaceuﬁical composition of claim 189,
wherein said compound is 1,3-diallyl-8-
cyclohexylxanthine.

21. A polynucleotide seleéted from the group
consisting of polynucleotide Ia [SEQ ID NO:2],
polynucleotide If [SEQ ID NO:5], and polynucleotide Io
[SEQ ID NO:6]. ' '

This 'Sheet Has Been Refilaced
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Conmpounds 8-12,

14, 18, 19, 20, and 25

35 Chem, 29, 1305-1308 (1986).
wer e synt heS| zed as described in Jacobson et al. (Biochem Pharmacol., 37,
3653-3661 ( Shi mada WD 96/ 16084
Bo Uaos) 1 Bisage S I (J. Med. Chem, 35, 924-930 (1992)FCTand Hhahi m et
al. (J. Med. Chem, 32, 1231-1232_,(198?]1&corrpounds 7, 14, 18, and 19 have
been disclosed in I\/UI l et .et al. 36 3341- 3349 (1993)) and
Shamin et al. (J. 5 ~Md. Chem L&, 924-930 (1989)). Conpounds 1-5 and
26, as well as 2-chl oroadenosi ne,| ¥er & purchased from Research Bi ochem cal s
I nternational (Natick, MA). Conpdund was di scl osed in Thonpson et al.
(J..Med. Chem, 34, 2877-2882 (1991))X WD 96/ 16084
PCT/ US95/ 14345 32 [err] - ;
| 18
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WD 96/ 16084
PCT/ US95/ 14345 33 [err] WO 96/ 16084

RPCT/ US95/ 14345 3 n al kyl" or cycl oal kyl carboxylic acid wapcrf/gsskiigshswi t h

5, 6- di ami ndYQ %! thyluracil to obtain the correspondi ng am de, including

5- (cycl ohept anoyl ani no) - 6- ami no- 1, 3 m.!yll uracil and

5- (cycl ohexyl et hyl carbonyl )- 5 1, 3-nmethyluracil, using the

- followi ng protocol: The acid (1 eqU| v) -was .di ssolved in a m ni num vol une of
N, N- di et hyl f ormam de (DMF) containing 1, 3-dial kyl- 5,6-diam nouracil (1.5

equiv). 1-(3-D nethylam no- propyl)-3-ethyl carbodiimde:HO (1 equiv) was

added, 10 followed by a catalytic amunt (0.05 equiv) of 4-(N N

di met hyl am no) pyridine and 0.05 equiv of imdazole. The m xture was sti rred

at roomtenperature for 3 hours, and saturated sodium chloride solution was

added (for 1,3- dipropyl derivatives, water was used here) to forma

12— T T T

-
(=]

T T T 1111 lll,ll

Ioy20pg/ml)

8

A A540/mi
8

I-IIIIIIIIIIIIIIIIIIIIII

.04
13(20ug/mi)

.02
o i 1 ] 1 | 1 1 1 [l 1 I6

4
TIME (min)

FIG. 2
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15 preci pitate or anorphous insoluble fraction. The insoluble residue
was filtered and dissolved in 4 N aqueous sodi um hydroxi de contai ni ng
sufficient nethanol to obtain a clear solution. The m xture at
60[err] C fowofsﬂﬁ'ms or until the conplete di sappearance of % starti
material, as judged using TLC (silica gﬁtf ‘CHCl [err]; CH err] OH HQOAc;
85:10: 5 v/v) The m xture was cool ed a idified to pH 1 wth 6 N aqueous-
hydrochl ori c acid solution. The precipi iaai) s washed with water, dried,
and further purified ﬁéngapearatli 0 Iate 25 (859%

CHO [err]; Solo%neth . 1-5 c). The new 12nn||nrl': yere i zed
(and resonances asSigndd) by 300 MH prolt on hucl ar magneﬂlc resonknce |mass
spectronetry ing a Varian GEM NI - 300 FT- NMR spectroneter. notsd,
chem cal shifils are 30 expressed as ppmdownfield fr tramet hyl sﬁane.
New conpound re characterized by chem cal ioni on mass spectgomnetiry
(NH3) on a masls spectroneter or in the El node Ing a VG/070F mass
spectroneter. |Representative spectral data f conpounds 15, 16, 22, and 24
are: [err]H®H~ NWVR CDCl[err] 6 3.42 (S. 1 NSCH3); 3.63 (S, 3H n

N[err]CH[.Er]) '3.89 (S, 6H OCH3); 5.0645, 2H OCH2): 6.8 (S. 2H); 6.18
4 |

g .06 -
0 —
< 04 i
.02 -

0 | L | L | ] |

0 10 20 30 40 50 60

[la], pg/ml

FIG. 3A

+1—

| log(VilVm-Vi)
<]_>

]
.04 .06 .08 1.0 1.2
log[lc]

FIG. 3B
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V\D 96/ 16084 -~ PCT/ US95/ 14345 35 1H, J
= 16Hz); 7.3-7.5 (m 5H); 7.7 (D, 1H, J = 16 Hz); M5 (C) nmle 463 (MHerr]
base), 375, 357. Carbon, hydrogen, and nitrogen anal yses we | out
by Atlanti VROAB4bs (Norcross, GA), and [err]0.4% was 5. Rﬁg‘%’i‘g‘%
summary of the characterization studie éﬁ&gduct ed pursuant to application
of the aforenentioned techniques is pr d in Table 2, where the fornul as
and el ement al
TABLE 2 Cal culjat ed
N C H OSES
19.00 61.25 7.}48 18.59 15 1
63.63 7.70 17.]46 63.62 7.57 17.16
Cerr]Herr err]Jerr]Herr]O 63.3
236-238 (e |’ Herr]Nerr](err]

Found Com pond Yield% M p. (O For mul a C| H
err]Herr]Nerr]Jerr]Herr]O 61.10 749
91 >120 C[err]H[err]N[err]CIerr]H[err]O
- 1 126-128
.08 17.28 63.14 7.17 17.32 21_| 74

605 7.30 20.27 60.77 7.32 20.23 22

73 158- 1‘5_,9 rr]Herr]NNerr]err]H err] 061 48 7.67 19.12 61.76 7.43
18.72 23 = 223-225 Clerr]Herr] N err] deN 60.85 7.30 20.27 6(. 67
7.31 20. 2§ Zm— 24 89 199-201 Cerr]Herr [err]Qerr] 62. 05-4. 64
19. 30 61. 37 7.168 19.24 Al xanthine derivatives\were judged to be
g
< 0.2 —
0.1 —
0 L ! ] L 1 ] ] 1 L
5.5 6.0 6.5 7.0 7.5
I 1 j 1 I I I ] I 1 1 ) [} i 1 !
Vi o -
- (2ug/mi)
b6 .
(1ng/mi)
S —
B
£ -
Te)
™
< -
< (0.5pg/ml)
(0.4ug/ml) 6 5 mi)
8 10 12 14 16
TIME (min)

FIG. 4B
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honbgeneous _using thin |ayer chromatography ror—to— ot oyl
EXAMPLE 7 This exanpl e describes the neasuref@HS Qg&iggggraﬁ
GFPAC cel | onse to contact between sych c d_t PErassddiises

deri vative?épﬂiﬁgppr esent 30 i nvention, i uaing protocol's requi red for

culturing such cells and inpl enenti ngg,.ﬁ‘n experinmentation thereon. CFPAC
cells are pancreatic adenocarci noma c t hat are honbzygous for the nost

al testing. 25
ef f | ux from

comon CFTR mJt ation i.e., del etion of Phe[err] (Schounacher et al., Proc.
Nat | . 35 —pF 99¢ re &R
transfec ed CFPAC cel I s \( PAC-4. 7 .:FTR) : [ 16084
PCT/ U895J14345 36 fromR Frizzell at the The cells
were splijt and seeded at\l ow density on 24- 2 medi um
conposed |of |scove's nedium suppl enented w\t h [1D% ( :
heat-| nag¢tivated fetal 5 calf seruf 100 100 mg/ m
&
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streptonycin, 0.25 nmg/m fungi zone, and % p,4gsggm i ne, and adj ust ed
to an osnolarity of 310 rrfbm Al cultureg’ ts acep Wer e obtainedfrom

Bi of | ui ds After 5 hours, he rre LLm wag 0
and attach&@ggéi/w wer e aI | owed to grow to confl uency duri ng a peri oé of
48-72 hours at 37[err]C in an at rmsphgrlqj,ﬁ}c 500 CJerr]/95% air. Before each

experinment, cells were |loaded with [] [err]] as follows. Confluent

cells were vvashed four 15 tinmes in the medi um di sclosed i n Exaﬁle 6.
Then, af fer—asprrg . < e - i ng about

1.4 x 108 counts per minute (cpn) of [[err]CI er e added
to each Yell. The plates of cells\were then i | C overni ght
in 5% COlerr]/95%air, 20 thus-aplowing [[er -uc,;

equi librifumto be obtained. To inift\ate effl uy entrations

of CPX afd/ or other xanthine deriyat\ ves wereladded t & t\he2cHI&$, which
were then incubated for 15 m nutes al 19[err]2 g, the cells
were waslhed four tines in 25 suE’ces ive ali oId wash
medi um c¢nposed of 150 nM sodi um gl uco\at e, 1°5 bl Yconat e, and
10 mM Na{Hepes (pH 7.4). At the end of \he wash st &p Lleof .
bi carbongte-free flux mediumat 19[err] Q4was added, 3 ng®Mas
initiated by collecting 50 [err]l i
-2
4 =
t =
—
I I [ L | L | | LR 1 7 g m.
o L 4
4 O
—8 = O
-~ c =
i {0 Ll
- He
] = 1
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30 aliquots fromeach well at 0, |, 2, 3, T —and
medi um consi sted of 150 nM sodi um gl uconat THF SHEE)

M sodi um Na- Hepes (pH 7.4), 100 [err]M bunet afER &m@iﬁ due
to the cot rvéﬂgﬂ er, and different concent or o

drugs, e.g., Alerr]-adenosi ne antagoni mand' activators of cAWP synt hesi S,
as required and descri bed WO 96/ 16

PCT/ US95/ 14345 37 in subsequent exarrpl es. The osm)l arl ty was 310“;Tme At
the end ¢ : & aci d was

’nut es. The flux
um gl uconate, 10

[ nh|

added tola final i ni ng
radi oactijvity. .5 | uid and
assayed f ir With
W ndows ¢ nmotic st rengt was 31 ng poi nt
depr essi See [ el n&n et {1992, 10
Table 1 s h msat\ | -edst . Qf the
chloridejefflux experinents Sde i v e present
i nventi on. S
&
- 0
]
- =
_ L
L >3 .
<
- 28
_ L.
— 2
i T}
1
o

- 03
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Additionally, each data point within a repeated experinent was conputed
fromthe average of efflux 15 measurenents perfornmed on four separate
cells. The.colum | abeled "Conc. nax (nM" presents the co
t he xant hi nWOPSAP®4t i ve at its naxi mum i npact upon chloridquﬁﬂ#égibgﬁd t he
succeedi ng colum to the right presenhéliqe percentage of chloride effl ux
at 20 maxi mum i npact relative to co The colum | abel ed "thresh
(nM" pr esent : i X hi ne derivative
required to d
colunn to the
detect?
t

! and t he succeedlhg

_ chloride efflux at m niTum
relative to confrol. can be seen in Table 1, the rangge

of maxi mal

g
mul ation i Eéo for conpound 14, for exanpl¢) to
over 10[err] A (for coﬁée 3, for exanpl Per cent age i ncreases owgr
control at thg maxi mum sti ation concentratio t

anged 30 fromaboy
10% (i .e.& norfFeffective cghpounds such as conpount and 12) gp ouf
260% +/ - B0% (ffor conpou 17). The concentration of th
derivati v@® at Jthreshold/Atinulation of the chloride efflu
nM (for OUF exanpl e) to about 10[err] nM_3& (for
20, for gp . cent age i ncreases over contrgb/at the threshold_ |
sti mul ati@ concentgfat i ons _ Lo

0 100 ] 200 300
_ [xanthine], nM : _

FIG. 8

250 T T T —T T — T

S
S
|

lo

150

100

Rate of Chloride Efflux (%)

1
Compound 1 (nM)

FIG. 9
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WD. 96/ 16084 PCT/ US95/ 14345 38 ranged
from 120% (for conpound 12) to about 170% (for conmpound 17, for exanple).
From these data, and in view of the preference of using a | -
concentratr‘b’ﬂ’%‘“&ﬁy given drug to effect 5 a desired res ?’iﬁ{%ﬂ}ﬁ“"[o

m ni m ze the incidence of undesired srgz gffects it is evident that
conpounds 6, 7, 13, 14 17, 19, and 25 'r' preferred corrpounds I n view of

t hei r not edpsd

is-

presented grapghically for conpound 1, i.e., theophylllne (Frgure 9);
compound 5, i.le., CPX (Figure 10); corrpound 22 I .e., 8-cycl ohexyl rreth;.l
~caf feine @‘u e 11); and conpound 17, i.
1, 3-di al IS4 - 8-cycl ohexyl xant hi ne 15

each of t@e grlaphs of Figures 9-

12). The vertical axis Tn
epresents\the rate of [[err]d[err]]]
ef flux ( of the radi ol abEl e ' ' i
of the c 5

L

ntT axi s). These\were calcul ated by |ime

- ’—/I - . :
(=] ¢ -
(3] £
L ]
” —
® 50 —
L i
c' 1 1 1 [ I | —] ] 1 I b I I | ] ‘ 1 1 1 ] I 1 1 . 1 1 l { [ 1 |} ]
0 0.5 1.0 1.5 2.0 25 3.0
Compound 5 (nM)

500 B I i T 1 | ] 1 I 1 l 1 ] 1 1 I I 1 I 1 _
§400 E- —
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2 [ ]
i 300 |- | 1
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v [ T |
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FIG. 11
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¢

20 (FA) as a function of time, using standard techni ques, and are

- presented as a percentage relative to the rate constants of control wells
on the sane ate. Data were handled with a Quatro-Pro 4.0 e
error bars Y@pﬂ‘@g‘?ﬂt the S.E.M values of four experinents ?{a@%@
n=4). As can be seen by sinple obsery, .ilmr]l of Figures 9- 12, each of
conpounds 1, 5, and 22 has the charac i ¢ of inducing 200% of the

ef fl ux r'atQ Qapaked to caon aYaaaYatllata o—denpns, as —ex C eSS
of 100% 30 ¢f the efflux capablllty of the control but to a Iesser
extent as congared to the other three conmpounds. O the four conpounds
whose results |are presented herein graphically, conpounds 1 and 22 hawg
little af"\ﬁzm'ot for either tested adenosine receptor, conpound 17 has—35
noderate$af finfrty for Alerr] receptprs (Ker] [err] 0.07), and conpour 5
has extrge afffinity for Alerr] receptors (Klerr] [err] WO 96/ 16084

PCT/ US95/%4349-39 0.0005). Despite fhe fact that conpound 17 has
significaatieP pess affinity for Algr]-receptors fhan
® b i ﬁ} 2
o | . 1 i
| .
(<] . -
= 100}~ } } —
O I | - i
- -
o _ -
® 50 —
(o« = B -
0 L 1 ] 1 | I L 1 | ] I 1 ] | 1 I { ] i L ]

’
-t
(7Y

| 1
Compound 17 (nM)

FIG. 12
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conpound 5, for exanple, conpound 17 has been shown to be significantly
nore efficacious in its absolute chloride 5 efflux capability, as noted
in Table 1 wicodiasdsum of 260% of control for compound 17 Veﬁ‘tfl‘r'ﬁ%ﬁﬂ % of
control for conpound 5). EXAWVPLE 8 10 This exanple ilTus ra?gg
assays for the detection of adenosin ptor binding and the results of
such assays perforned in partial cha tefization of the novel xanthine
derivatives of the present invention. Rat cerebral cortical nenbranes and
striatal 15 menbranes were prepared according to the procedure of Hide et
al., Ml. Pharmacol., 4|, 352-359 (1992) and treated w th adenosi ne

deam nase (2 Um) for 30 mnutes at 37[err]C prior to storage at
-70[err]C. Solid sanples of the adenosine derivatives were dissolved in

di met hyl 20 sul foxide (DVSO and stored in the art at -20[err]C.  The
stock solutions were diluted with DMSO to a concentration of s 0.1 nM prior
to addition to the aqueous nedium The final concentration of DVMSO in the
assay medi um was generally 2% 25 I nhi bition of binding of 1 nM
[[err]HHN err]- phenylisopropyl adenosi ne (Dupont NEN, Boston, MA) to Alerr]
receptors in rat cerebral cortex nmenbranes was neasured

100? T I T r T T T | T
E ° ® ® |
: y - l\.
10 '
A :
=
S 1
¥

lllllLll,I_lllIlll

.01 | L I ot J 1 I 1

~
<

5 6
No. of Carbons

FIG. 14
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as descri bed in_Schmabe_eL—aLfT~khunyh-Schniedeberg's Arch. .Phargacol .
313, 179-187 (1980), and Jacobson et..30-: al#,:J. Med. Chem1,:36‘ 1333 1342
(:1993a) . Menbr amgsSheet HBOB rotein per tube) wer e inqubated for ~1:52
hours at 37[err]C Eiiﬁum of 0.5 m of 50 nMtris hydfothl orpde?
at pH 7.4. Test dr | ved in DMSO and added in 10 [err]l

aliquots, resulting |n a f|naI - DVMBO, concentrati of and
free radioligand were separated by "addi t#8n of 3 ni of THIS BHEETHAS 8RR ni ng
D 96/ 16084 . pCT/ BEBICER345 4h 50

MM tris hydroctWRAT de§ CLAIMELY. S at 5[err]C, followed by vacuumITTTTation
using a Brandel Cell Harvester (Brandel, Gaithersburg, M) and a \What man
G-/ B glass fiber f||ter wi th additional washes totaling 9 m of 5 buf fer.
Non- speci fi ¢ bi ndi ngt was MRekyReridg selerled rinam-the @raurenosi ne.

((5- car boxyet yiSEshek e HE AR T o 1) potymentids
(Dupons NEN, Barfl ofSEQVND tmﬁﬁ]e,r rdnd g&ﬂ@tparftﬁ{é IONV{SERITD &: olqt as
reported in Jarvis et al.

2. The polypeptide of claim 1, wherein said
polypeptide is linked covalently to an affinity
chromatography matrix.

10

3. The polypeptide of claim 2, wherein said
affinity chromatography matrix is sepharose, agarose,
polyacrylamide, or cellulose.

15 4, A method for identifying a CFTR-binding
compound comprising contacting a putative CFTR-binding
compound with polypeptide Ia [SEQ ID NO:1] under
conditions sufficient to allow for binding of said

. putative CFTR-bindiﬁg compound to said polypeptide Ia,

20 and determining whether such binding occurred, an
indication that said putative CFTR-binding compound is a
CFTR-binding compound.

- 5. The method of claim 4, wherein said CFTR-
25 binding compound has a neutral or negative affinity for
polypeptide IP [SEQ ID NO:3] or polypeptide Io [SEQ ID
NO:4].

6. The method of claim 4, wherein said CFTR-~
30 binding compound causes the aggregation of liposomes when
added to a composition comprising said liposomes.

7. The method of claim 4, wherein said CFTR-
binding compound causes the aggregatlon of chromaffin

39y
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Phar macol . ExQ_QIDQLQQ_L___+_888_893 (1989). . Menbranes (~80 [err]g protein
per tube) were |ncubated for one hour at 25[err]C in q totalvvoﬂune 0f’,0"3 3
m of a buffer Q&HQQSBaﬁ mmhg of 50 MM fris hyerChIorlde and» 1bnwwh

MyCl [err] at 15 drugs wer’e di'ssol ved i'n DVSO and’addedl
10 [err]l allquot M‘M n a final DIVBOconcu? I I 2%

Non- speci fic bind I ned USIng 20 [err] M 24 ﬁ%zﬁéggééggﬂﬁe. '
Filtration was carried out .using a Bran8dl Cell Halyvester. &s abov¢, using
the 20 tris.HO /MO 2 buffer recited herei nabove as the washing buffer.

At |east six dgféputes whenecatidedi vosa seamwd NPt b ecompressn@f savgni t ude,
adj ust ed appr08ﬁf3é§k¥i£°ér£ﬁ§l%§50 of each conpound, were used. [ ([err]:

val ues, conputer genera Using a non-linear regression fornula on

t he (}aphPAD program (Institute for Scientific Information), were converted
to apparent Kerr] gal ue@hesmaeh&%f]cy@weﬁ (dﬁ@f@ﬁ.ﬂns&iaaé mpS4iY fon.

1993a;. Ukena et al FEBS S, - 128 (1986)) of %

for 30 [3H] P?%nahatf[%#ﬁlﬁ-tés lél%ﬁosﬂ%%ﬁom?%%%cw%%esm 3”1@4

met hod of ChenQa€l.al. (Biochem Pharnmacol., 22, 3099- 3108 (1973)). The
results of the adenosi ne receptor binding studies are presented in Table 1

for all of the xanthine :
9. A compound having the formula

R, I .31 _
X 0
° 1
10 : Ry

wherein (a) R; and R; are methyl, R; isICyclopropylmethyl,
and Rg is cyclohexyl, or (b) R, and R; are allyl, and R; is
hydrogen, and Rg is cyclohexyl.

13 10. The compound of claim 9, wherein said compound
is 1,3-diallyl-8-cyclohexylxanthine.

11. A compound having the formula

Q R,
Rz\\r ;
)\.I/>_l'
vo )
: : |
20 Ry

wherein R; and R; are allyl, and R; is hydrogen, and Rs is
cyclohexylmethyl or cycloheptyl.

12. A pharmaceutical composition comprising a
25 pharmaceutically acceptable carrier and a compound of any

of claims 9-11.
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J
35 derivatives under the colums "Klerr], [err]M (Alerr])" and "K[err]

[err] M (Al err)——Reeeptor—ant agoni st s haV|ng a high affinity-for .a’s '3l
sparticul ar reﬁﬁitor are characterized by having very ftow Klerr]: values; as

det ermi ned uBH escri bed above for the A[err] -and - A[err}, s
can be seen that conpound tras nuPn af ity
ereas conpound 6 has | ow &FRISHHE HB? BEFN ner

receptors.

for the A[err

of the receptors tested. Figures 13-14 48 so depict dat der f&F&4C FPom t e
receptor studies described above, with particular referénce to ascertai ning
the effects of changing ring 10 size of the 8-cycl oal kyl substituent on

bi ndi ng at adenosi re tors Iue td ceptors
(closed circles, rieja'nd r i %‘[ A’[uet(r)aﬁgu%lreeggbt o&ﬁl pen trllé;lﬁ'gl es, A
are incorpor atcwnpcmld:ldm fpmdthe tlﬂesaiafe‘nmlct@ s g Vsl sdA timea@phy | line

15 derivative Jr?ee&raﬂf t%?ﬁ:l-?fﬁ(ﬂéyéﬂérﬁf &t @ dAdufe e e of
derivatives ( ure 4 at [err and - receptors are shown. values are
glven5as t he %Eﬁa $11iwo or three (+/- s.e.m) determ nations perforned

in

14. A compound having the formula

0 R|"'
Rz\\u N
)’\ 7
R
10 wherein (a) R; and R; are methyl, R; is cyclopropylmethyl,

and Rg is cyclohexyl, or (b) R; and R; are allyl, and R; is
hydrogen, and Rg is cyclchexyl, for use in a method of
treating cystic fibrosis in a mammal.

15 15. The compound of claim 14 for use in said method

wherein said mammal is a human.

16. The compound of claim 15, wherein said Compound '
is administered to the lung of said human.

20
~ 17. The compound of claim 14, wherein said compound
is administered as an aqueous pharmaceutical composition
containing from abouf 0.001 to about 0.01% w/w of said
_ compound. '
25
18. The compound of claim 16, wherein said K; is at
least 0.05. '
19. A compound having the formula
30
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triplicate. Data for_8-cyclobutyl derivatives are from 20 Jacobson et -al.
J. Med. Chem ., 36, 2639-2644 (1993b).  Figures 13 and 14:denonstrate that
® anong derlwaksm&ﬁﬂaﬁhﬁhhp I line (1,3-dinethylxanthine), the cyclopentyl

anal ogue, the hi ghest' Alerr] affinity. Anong derivatives of
caf f ei ne (1 anthlne) the 25 cycloheptyl analogue conpound
err

24, showed s inity (6-folgé, whereas s ) ééeﬁ (4-6)
had little to no afflnlty (Jacobson et®al ., supra,. 3 @5% ‘Eﬁﬁg §trlucture
activity relationships diverge -greatly fromthose ob erveld=y he_sdme -
compounds in stinmulating 30 Cferr] effluR. Thenresurfs provi ded above,
when considered in toto, indicate that co ound$ 6, 14, 17, and 19 provide
t he characteristics of substantialnef$4 t 'ty at | ow concentration
ranges coupled to a lack of activity a | 5 a i ne receptors. WO
96/ 16084 US95/ 14345 42 The
results of these exanples indicate t@ SSIb|e to (1) identify
conpounds that activate cellul ar |

R,

1“1 S

wherein R; and R; are allyl, and R; is hydrogen, and Rg is
cyclohexylmethyl or cycloheptyl, for use in a method of
5 treating cystic fibrosis in a mammal.

20. The compound'of claim 19 for use in said method

wherein said mammal is a human.

10 2l. The compound of claim 20, wherein said compound
is administered to the lung of said human.

22. The compound of claim 19, wherein said compound
‘ is administered as an aqueous pharmaceutical composition
15 containing from about 0.001 to about 0.01% w/w of said
compound. '

22. The compound of claim 19, wherein said K; is at

- least 0.05.
20 | - .
23. A polynucleotide selected from the group

consisting of polynucleotide Ia [SEQ ID NO:2],

polynucleotide If [SEQ ID NO:5], and polynucleotlde Io
[SEQ ID NO:6]. '
25
24. The polynucleotide of claim 23, wherein said
polynucleotide is cbvalently attached to an affinity
chromatography matrix. | '

30
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and (2) actlvate chloride efflux from5 gF ceIIs by using a conpound &
has little or no affinity for the Alerr]< or the A2-adenosine receptfok,

such as compoupglgyfe 24is 1d. gﬁpﬂ%ha?reém&sefthecaabeuﬁa'a@grsqog d Lyl

was conpound 17.° The therapeytic a vantages of
activat e ERFR3LEin @ranikes, by GohteancEFTR EBéEPFPEb@?? &F thout ha i

| mpact org &4 Hn idPa n@t/nade(@ogl Nf) [ ESEPLRT §. §T £ndPPr el abl e

t hat such Ir.ug actron woul'd be | éss encunbéred by undesirabl'e side Je
to other €&Ssuefhelsnits of whe Mfatife nerFresentedinysesi pfelimer ei

|01 ud N0 QML Sun 1 B AP GO0 MR AR BHERALT PRSey A ELIYEY DS 40

|ncorpora reterence TN thelr ent as been
descri bednM) t h an enphasi s upon preferred enbodi ments, it will be obvious

20 Lo those el ordigarys Skidladi diiR. Yepsthal cKar habkogsetOat he preferred

nmet hod, conpound; and conposi I'S I niended t hat
the i nven@hW%%ﬁiIbeg#ﬁfr&&Q%édl SheePreSENCRaATaYaEPERIf i cal |y descri bed

e bormas SEREA Yol d! S PN W1BELEIAR. 2l inéOuns BCRE AL 005

enconpasse e spirit and’s The i NVention as I ned by the
fol | o NOx<€a®i$vrepresent the concentration of Ia polypeptide

(pg/ml) and the units of the y-axis represent change in

turbidity (A540 nM). Reactions were performed as for generating
the data of Figure 2; the initial rate was calculated for each

concentration of Ia.

15 Figure 3B is a Hill plot for the data displayed in
Figure 3A. The Viax app Was estimated from the linear
extrapolation of the Lineweaver-Burk plot (log (\q/V57V1)
versus log [Ia]) of the data, and the ratio of velocities

- was computed for each condition. The slope (2.6) is the

20 Hill coefficient (ny).

Figure 4A is a graph that depicts phosphatidylserine

liposome aggregation (y—-axis is AAsso/min) by Ia at

-
-

different pH values (x—axis). The concentration of Id is

_ 2 pg/ml (0.6 pM). .

25 Figure 4B is a graph that depicts phosphatidylserine
liposome aggregation (y-axis is AAjso/min) by lower
concentrations of Ia polypeptjde measured over time (x-
axis in minutes). .

Figure 5 is a graph that deplcts the effect of CPX

30 (x~axis in min) on aggregatlon of phosphatidylserine
liposomes driven by Ia polypeptide (y-axis is ABAaso) .

The inset graph depicts the concentration
dependence for CPX activation at the 20 minute time
point, wherein the y-axis is.AAis5/20 min and the x-axis

3§ 1is concentration of CPX in nM.

Figure 6 is a graph that depicts the effect of
caffeine (x-axis is in min) on aggregation '



WD 96/ 16084 _ PCT/ US95/ 14345
43 SEQUENCE LI STI NG (1) GENERAL | NFORMATI.ON: (i) APPLI CANT: THE UNI TED
STATES OF AMERI CA, REPRESENTED BY THE SEGRETARY, DEPARTMENT OF HEALTH AND

HUMAN SERVL CES (i.i). Tl TLE QF | NVENTI O\: VET | | FYI N

CFTR- Bl NI¥ c?;tﬁ(\iﬁl 8 Nﬁg’]li%ﬁﬂ_e °E€ﬂe\?A$F N&eg%bgﬂzp%ﬁ%% | N ANl MAL
CELLS (iij - ' E \ F DI UM
TPE H oed i 4 S 4 i) EO R S B SR e s

PC- DOS/ MEEoRERR iy S \gegendepcantfor REXeastixvatdonversion #1.25 (v)
CURRENT ARPLY KA T O DARE {iNe %&M@%@Nemhf@ﬁ@aﬂ&@)iﬁ LI NG DATE:

06- NOV- 1995 (Cg CLASSI FI CATI ON: (vi ), PRI OR APPLI CATI ON DATA: (A)
APPL| GAT| &35 L &gl 3487 p-apE)s [isLERGRMATenceRt NEiqeunits

of caffeine.

Figure 7 is a graph depicting the effect of DAX
concentration (x-axis is min) on aggregation of

phosphatidylserine liposomes (y-axis, AAuo) driven

10 by Ia polypeptide. The inset graph depicts concentration
dependence for DAX activation at the 20 minute time
point, wherein the x-axis is nM units of concentration of
DAX and the y-axis is in units of DA3s0/20 min.

Figure 8 is a graph that depicts the comparison of

15 CPX and DAX activation of phosphatidylserine liposome
aggregation by Ia polypeptide. The x-axis is in nM
concentration units of CPX or DAX and the y-axis is in
units of AR350/20 min. _

Figure 9 depicts a graph of the results of [3¢Cl]~

20 efflux studies of CFPAC cells when placed in contact with
‘compound 1 (theophylline). The x-axis represents the nanomolar
concentration of compound 1, and the y-axis represents the rate
of chloride efflux as a percentage of control. -~

Figure 10 depicts a graph of the results of [3°Cl]~

25 efflux studies of CFPAC cells when placed in contact with

~ compound 5 (CPX). The x-axis represents the nanomolar

concentration of compound 5, and the y-axis represents
the rate of chloride efflux as a percentage of control.
Figure 11 depicts a graph of the results of [3°Cl]~

30 efflux studies of CFPAC cells when placed in contact with
compound 22 (8-cyclohexylmethyl caffeine). The x-axis
represents the nanomolar concentration of compound 22,
and the y-axis represents the rate of chloride efflﬁx as
a percentage of control.

35 Figure 12 depicts a graph of the results of (%¢c11”
efflux studies of CFPAC cells when placed in contact with



(2) | NFORMATI ON FOR SEQ I D NO 1: ) SEQUENCE CHARACTERI TI CS: (A) LENGTH:
32 amdino acids (B) TYPE: am no aC|& (CD SBRANDEDNESS Single (D TOPOLOGY:
linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 1: Pro Ser Qu Ay Lys Ile Lys His Ser Ay Arg Ile Ser Phe Cys Ser 1M
5 - -3H-CPX binding0to Ia was determlnedEbiHsuH%madEwnquhdI e Met Pro

Ay Thr lle Lys G iy
3oy(2)r Mtgmgﬁs?@fk@@é%ju’m Nt?fzme(q PYSEEEEﬂeEbEFﬁ%OTER\‘SWCB‘ (AN & / \\

LENGTH:  96n bats€1 Ted repx B) £ oo tdic aingiiagl.d (C) STRANDEDNESS: singl £ & )
TOPOLOGY: linear (ii) MOLECULE TYPE: nmRNA"(genomic) WO 96/ 16084 /
PCT/ US95/ 14345The binding of “H-CPX to Ia was a saturable function u7

5 of the CPX concentration. A fit of the data to a
Scatchard plot showed the Kp,app to be 69127 nM (n=4).
The Bmax, e©Stimated from the Scatchard plot intercept,

indicated that the mole fraction of bound Ia polypeptide
was less than 1/2000. Displacement of binding was

10 effected by CPX, caffeine, and DAX, all known chloride
ion efflux activators, but was not effected by IBMX or 2-
thio-CPX, which are known not to activate chloride ion
efflux.

These data indicate that a chloride ion efflux

15 activator can bind specifically to Ia, thereby suggesting
that the mechanism of CPX activation of cells bearing the
CFTR (DF508) mutation may be by interaction with the CFTR
molecule itself. Moroever, because of the specificity of
chloride ion efflux activators to bind and non-chloride

20 ion efflux activators not to bind to Ia, these data _
illustrate the utility of this method to identify further
CFTR-binding proteins that may have a therapeutic effect
on CF cells. ) ~

25 . EXAMPLE 3
This example illustrates the effect of CPX on PS
liposome aggregation driven by Ia.
The impact of CPX on PS liposome aggregatlon that
was driven by Ia was 1nvest1gated The study was done
30 using concentrations of CPX of between 1 and 30 nM
(activation noted in AF508 contalnlng cells), between 30
and 100 nM (maximum actlvatlon noted in the
aforementioned cells), on up to 1000 nM (inhibition of
activation noted in the aforementioned cells).
35 As shown in Figure 5, liposome aggregation driven by
0.5 pg/ml (0.18 uM) Ia alone was very modest. However,

with increases in CPX concentration, the aggregation



(x.) SEQUENCE DESCRI PTI ON:  SEQ | D.NO 2 CCNUCNGARG GNAARAUHAA RCAYUCNGGN
CGNAUHUCNU UYUGYUCNCA RUUYUCNUGG 3" - 6D AUMAUGCCONG GNACNAUHAA RGARAAYGAR
GARUUY | 96 (2)' | NFORMATI ON FOR SEQ I D NO 3:
(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 31 amino acids (B) TYPE: anino
aci d (C) FEHHANMERRESSCePtRE] éreD):htmeaeql.bﬁeéma*(m VEEGOME TYPE:

pol ypept quevéxukssE%JE&@EeaEmFHé tﬁéQaléaaN@ %es@ﬂb&éal abgteTyr ASIO Gu

Tyr Ar T er IIe

100 9 e it X and by FaqRPRGRS o ACASHILRE Ke L, CEBRE LR U Ly A
Asn |le Zﬂaat compound S has A5gh affJ.n:Lty for the&®y( 2pceNEORVATI ON , F
I D hK)4 RL STI aC|ng~
am o> ac S S TAARBEIE Gores, AOre T 1 P tort T o (119 posk
TYPE: polsgseptiass (LeiSEeSEQUENCE DESCRI PTION: SEQ | D NO 4: GI y j@r
G u Asn Gu Geidheddns-Mal a3%o BHepifePdastd d¥fived from th

receptor studies described above, with particular

reference to ascertaining the effects of changing ring
10 size of the 8-cycloalkyl substituent on binding at

adenosine receptors. Values for rat cortical A;-

receptors (closed circles, °*) and rat striatal Aza—

receptors (open triangles, A) are incorporated into the
graphs. The affinity of 8-cycloalkyltheophylline
15 derivatives (Figure 13) and the affinity of 8-
cycloalkylcaffeine derivatives (Figure 14) at A;- and A.-
reéeptors are shown. Values are given as the average of
- two or three (+/- s.e.m.) determinations performed in
"triplicate. Data for 8-cyclobutyl derivatives are from
20 Jacobson et al., J. Med. Chem., 36, 2639-2644 (1993Db).
Figures 13 and 14 demonstrate that among derivatives
of theophylline (1,3-dimethylxanthine), the cyclopentyl

analogue, compound 4, had the highest'Aq affinity. Among
derivatives of caffeine (1,3,7-trimethylxanthine), the
25 cycloheptyl analogue, compound 24, showed some A,
affinity (6-fold), whereas smaller ring sizes (4-6) had
little to no affinity (Jacobson et al., supra, 1993b).
These structure activity relationships diverge greatly
. from those observed for the same compounds in stimulating
30 Cl efflux. _

The results provided above, when considered in toto,
indicate that compounds 6, 14, 17, and 19 provide the
characteristics of substantial efflux activity at low
concentration ranges coupled to a lack of activity at the

35 adenosine receptors.



~1 . 5 C10,, . reHEEJ \Ser

'Val Ile Lys Ala Cys G n Leu Qu Gﬁﬂ%%égﬁﬁre*Sé%fzo REPLA Eﬁéﬁf

30 (2) I NFORVATION FOR SEQ I D NO 5: (1) SEQUENCE CHARAQI R@I@ 19

LENGTH: 93 base pairs (B) TYPE: nucleic acid (C) STRAND : n

TOPOLOGY: linear (ii) MOLECULE TYPE: nmRNA {&i) SEQUENCE|DESGRF I D

NO 5: GGNGUNUCNU AYGAYGARUA YCGNUAYCGN UCNGUNAUHA ARGCN |

60 GAYAUHUCNA 1ARJUYGCNGATIRAARGAYAAY AUH ' |

93 WO 96/ 16084 T

PCT/ US95/ 14345 45 (2) | NFORMVATI ON FOR SEQ ID NO. 6: (i) SEQUENCE

CHARACTERI STI CS: B P, |

STRANDEDNESS: o ngl L. (D;\%d?%ggﬁﬁﬁ Qé"iéc%:eﬁi krdyPhhe Y Gofbide{fd of
polypeptide Io. [SEQ ID No.1]. polypeptide IB [SEQ ID NO:3],

5 and polypeptide Io [SEQ ID NO:4].

2. The polypeptide of claim 1, wherein said polypeptide

is linked covalently to an affinity chromatography matrix.

10 3. The polypeptide of claim 2, wherein said affinity
chromatography matrix is sepharose, agarose, polyacrylamide,

or cellulose.

4. A method for identifying a CFTR-binding compound
15 comprising éontacting a putative CFTR-binding compound with
polypeptide Ia [SEQ ID NO:1] under conditions sufficient to
allow for binding of said putative CFTR-binding compound to
said polypeptide Ia, and determining whether such binding
occurred, an indiéatiop that said putative CFTR-binding

20 compound is a CFTR-binding compound.

5.. The method of claim 4, wherein said CFTR-binding
compound has a neutral or negative affinity for polypeptide If§
~ [SEQ ID NO:3] or polypeptide Io [SEQ ID NO:4].
25 . _
6. The method of claim 4, wherein said CFTR-binding
c&mpound causes the aggregafion of liposomes when added to a

composition comprising said liposomes.

30 7. The method of claim 4, wherein said CFTR-binding
compound causes the aggregation of chromaffin granules when

added to a composition comprising said chromaffin granules.

<O R



_(ii) MOLECULE TYPE: nRNA (xi) SEQUENCE DESCRI PTI ON. SE b@@msﬂﬁbﬂﬁ\% HA
-~ ARGARAAYGA RGARUUYGGN GUNUCNUAYG AYGARUAYCG NUAYCGNUCN
CNUGYCARUU RGARGARGAY AUHUCN ri

IS CLAIMED I S: 1. A pol ypeptide selected fromthe grolp c% I Sti ng of
pol ypeptide la [SEQ ID NO 1], pol ypeptideasqferr] [SEQ I .

po: ypepti ge lo [ SEQ I D NO 4] 2. The pol ypepti de of cl
pol ypeptide is linked c f & ni 0

3. The pol ypeptige of Qic‘ al ll?é/d e?:g?%&s'gl c]ma(lefr%?%l fg?'{%hr ormat ogr aphy
matrix i s sephemsbsts agaensballbylof@aidarhdonaffiinc grhkohbee. int.1 mMACRELHod
for identifying a CFTR-bi nding conpound 15 conprising contacting a
putative CFTR-bi ndi ng conpound with polypeptide la [SEQ ID NO 1] under
conditions sufficient ta ablpsuidrhaviindi pge oforsmild putative CFTR-binding
conmpound to said polypeptide la, and determn ning whether such binding
occurred, 2an indication that said putative CFTR-binding 20 conpound is a
CFTR- bi ndi ng conpound.

wherein R, and R; are allyl, R, is hydrogen, and R, is

. cyclohexyl.
10 _
10. A pharmaceutical composition comprising a
pharmaceutically acceﬁtable carrier and the compound of claim
9. | '
11. The compound of claim 9 for use in medicine.
15
12. The compound of claim 9 for the manufacture of a
medicament for activating chloride ion conductance in cystic.
fibrosis cells. |
20 13. A polynucleotide selected from the group consisting

of polyﬁucleotide I« [SEQ ID NO:2], polynucleotide IR [SEQ ID
- NO:5], and polynucleotide Io [SEQ ID NO:6].

14. The polynucleotide of claim 13, wherein said
25 polynucleotide is covalently attached to an affinity

chromatography matrix.

m:\doc\pat\claims\75724.clm .
-
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5. The method of claim-4, wherein said GFTR b| ndi
neutral or negative affini ty for pol ypeptide TIferr]
pol ypeptide lo [SEQ ID NO 4]. 25 6. The net hod of |c
CFTR- bi ndi ng conmpound causes the aggregation of |ipgs en added to a
conposition conprising said |i posorres.sjzﬁ _ 7. hed-of - cl aim
4, wherein said CFTR-bi ndi ng conpound ;es the aggfegation of chromaffin

granul es when added to a conposition conprising sai’ ‘d-chromaffin gru:fmul es.
47 8. The nethod of claim 7, wherein i d —carn

73] of |

ﬁgg \A;{]Ap/\ﬁ‘ge?bl h isai d

S-S AROSH 7 C NRAEE
essenti dlTy of safd chrqmaffin gran fles in\1 FWCaCI[rr] 9 A corrpound
havi ng tthe fornmula 5 [ery] wherein R err] apd R3are allyl etif1 is
hydroger, and Rl err] is gyclohexyl. {0 10.- A phat maceuti ¢ql (¢o sition
conprisijng a pharmaceuti dally accept abl e canri ef {and e(qo o+|¢d of claim
. - (=]
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9. 11. . The conpound of elaim9 for use in nedicine. —TNE ¢eapdund of

claim 9 for the manufacture of a nedi canent for acti\RHHLA"gEM"E

conductance in cystic fibrosis cells. 20 13. ynuc:ﬁ
a2 ZSMA
o [ SEQ | D.

selected fromthe group consisting of polynucleotid

pol ynucl eotide I[err] [SEQ I D NGO 5] w@f ;fol ynucl eot
14. The pol ynucl eotide of claim 13, ‘lai n said 25
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