METHOD FOR REDUQJ“NG'THE VI SCOSI TY OF PATHOLOG. CAL MUCO D Al RWAY CONTENTS I N -
THE RESPI RATORY TRACT The present tnvention relates to the tr CﬂEntCEJ
respiratory disorders in which it is 5 desired to disaggregat ﬁﬁ:
depol yneri ze, or solubilize actin filaments or to pronote the degradati

of DNA in respiratory tract nmucus. The invention particularly relates to
sol ubilization and increased: cl earance of nucus obstructing the respiratory
tract in airway 10 diseases. The invention relates to a nmethod for
reduci ng the viscosity of mucus by instillation of actin-binding proteins
into the respiratory tract. The invention also relates to a nethod for
facilitating the action of DNase | in respiratory tract treatnents by 15
bl ocking actin binding to DNase | or reducing the levels of actin in
respiratory tract mucus. The nethod invol ves the adninistration of

ef fi caci ous anobunts of actin-binding conpound$, or fragnents or functional
derivatives thereof, such that the conpounds or 20 fragnents or
derivatives are active in the respiratory tract of a patient in need of
such treatnent. -2- BACKGROUND OF THE | NVENTI ON Ai rway Obstruction

Ai rway obstruction caused by inflammtory exudation is a najor cause of
norbidity and nortality. 5 Miucus plugging and stasis is a feature of
chronic bronchitis, asthmatic bronchitis, bacterial bronchopneunoni a and,
especially, cystic fibrosis, and is associated with destruction of |ung
substance. Micus al so contributes to the norbidity of acute and

METHOD FOR REDUCING THE VISCOSITY OF PATHOLOGICAL
MUCOID AIRWAY CONTENTS IN THE RESPIRATORY TRACT
The present invention relates to the . -
treatment of respiratory disorders in which it is
S desired to disaggregate, depolymerize, or solubilize
actin filaments or to promote the degradation of DNA in
respiratory tract mucus. The invention particularly
relates to solubilization and increased clearance of
mucus obstructing the respiratory tract in airway
10 diseases. The invention relates to a method for
"reducing the viscosity of mucus by instillation of
actin-binding proteins into the respiratory tract. The .
invention also relates to a method for facilitating the
action of DNase I in respiratory tract treatments by
15 blocking actin binding to DNase I or reducing the
levels of actin in respiratory tract mucus. The method'_
involves the administration of efficacious amounts of
actin-binding compounds, or fragments or functional
derivatives thereof, such that the compounds or
20 fragments or derivati#es are active in the respiratory
" tract of a patient in need of such treatment.
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10 chronic sinusitis and even the comon col d. Micoid obstruction of the
respiratory systemis nultifactorial. One factor is increased nucus

synt hesi s and rel ease caused ‘by i nfl anmat’ééy? *medi‘ators elicited by
infection or irritation. In cystic 15 fibrosis, the viscosity of nucus is
I ncreased, presumably because of abnor mal epithelial lon transport which
affects the hydration or charge of the ionic polyners conposing the nucus
substance. The thick nucus of cystic fibrosis prevents bacterial clearance
20 by ciliary transport and favors the growh of bacteria, especially
Pseudononas aer ugi nosa. -These bacteria of ®ther irritants, such as tobacco
snoke, generate chenpattractants which recruit | eukocytes into the airway.
As the | eukocytes engage bacteria or 25 |rr|tants the degenerate and

t heir components contribute (RMERGROUN : =N+3eBel asticity of the
airway contents. Miuch research in the area of pathologlcal mucoi d ai rway
contents has fqcused o sjnce DNA 30 was originally isolated from pus.
However, there sé}QﬁﬁﬁF?ﬁgﬁarch on the nucopolysaccharlde conposition

of mucus and the role of ( Il ochem
Bi ophys. 173:528- 537 (197‘%‘)‘;’%%&@‘0‘{%% %&gg%%ya learﬁﬁﬁ%"éﬁs 280
-3- (1974); ChMatmn iseta anazozsrcrausa ohmr@myw mOYtEAY, -
Bhaskar, K R, pl,%q sﬁé) #01s A dr O chadriiem M 1., et

al ., Eur. Resplr 990) ).. Pur.u] ent cus c ai ns about 10-13
mg/ml 5 of DNAP rmqus.pmnﬁsva % 'b%ti‘*re’v%drg] t he

bronchopneumonia and, espec1a11y, cystlc fibrosis, and

is associated with destruction of lung substance.
Mucus also contributes to the morbidity of acute and
10 chronic sinusitis and even the common cold.

Mucoid obstruction of the respiratory system is
multifactorial. One factor is increased mucus
synthesis and release caused by inflammatory mediators
elicited by infection or irritation. 1In cystic

15 fibrosis, the viscosity of mucus is increased,
presumably because of abnormal epiﬁhelial ion transport
which affects the hydration or charge of the ionic
polymers composing the mucus substance. The thick
mucus of cystic fibrosis prevents bacterial clearance

20 by ciliary transport and favors the growth of bacteria,
especially Pseudomonas aeruginosa. These bacteria or
other irritants, such as tobacco smoke, generate
chemoattractants which recruit leukocytes into the |
airway. As the leukocytes engage bacteria or

25 irritants, they degenerate and their components
contribute debris that affect the viscoelasticity of
the airway contents. '

Much research in the area of pathological
mucoid airway céﬁtents has focused on DNA,'since DNA
30 was originally isolated from pus. However, there has
also been research on the mucopolysaccharide '
composition of mucus and the role of disulfide"boﬁding
(Roberts, G.P., Arch. Biochem. Biophys. 173:528-537
(1976) ; Roberts, G.P., Bur.-J. Biochem. 50:265-280




rheol ogi c propertiées of airway fluids. Bovine pancreatic DNase |, an enzyne
t hat degrades DNA, was tested as a ‘mucol ytic agent nany yeags ago However ,
it did not enter clinical practice due to side effects 10- hﬁﬂﬁcediby
antigenicity and/or contam nating proteases. Accordingly, cDNA for hunman
DNase | was cloned and expressed. Reconbi nant human DNase .l was tested as
a therapeutic agent. It was shown to dimnish the viscosity of cystic
fibrosis mucus in vitro (Shak; S., 15 et al., Proc. Natl. Acad. Sci. USA
87:9188-9192 (1990)). Hurman DNase | has recently been approved in the
United States for treating patients (over 3he age of five) with cystic
fibrosis. Extracellular Actin 20 Actin is the nost abundant
protein in nucleated animal cells and constitutes 10-20% of the protein of

many nucl eat ed @AW iafdhITRAY e §F tlein BFLi st PR 1Hegki148r 215
nmol ecul es each (agwh)an BhERKar ARC. R0/ astil£1 aAnEge) fm&sgamk.e iodqpi-ong

filaments 25 duyr. ydrol yzed i to lnjury ni mal
ti ssues resul tgy%#g(t]%eaé é’é\etéﬁaérf (E‘t#q ?‘# Te ﬂﬁﬁar‘; p:}g‘eéa

Al t hough appr oﬂm:agpma i R;truhnmm«m:stdnm:m alsou;t Q133 f(glhni
doubl e- hel i ga Kk f3 f &£d from
G actin m)nomers% %%eealnom%:ﬁg?do]f%ér?s%lfﬂﬁraceﬁ‘y%fﬁfl ui 3 iavor actin
pol ymeri zat i on rheekagkc \pEqranties 9f @Heway ifl 4 ideasBPYI dyi ng cel | s
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-4- (greater than.a { eV "¢ B e P agent nltal.xlu; Y ad L'agd. However,

it did not enter clinical practice due to side effects

10 induced by antigenicity and/or contaminating proteases.
Accordingly, c¢DNA for human DNase I was cloned and

' expressed. Recombinant human DNase I was tested as a -

therapeutic agent. It was shown to diminish the
viscosity of cystic fibrosis mucus in vitro (Shak, S.,

15 et al., Proc. Natl. Acad. Sci. USA 87:9188-9192
(1990)). Human DNase I has recently been approved in
the United States for treating patients (over the age
of five) with cystic fibrosis.

Extracellular Actin

20 Actin is the most abundant protein in
nucleated animal cells and constitutes 10-20% of the
protein of many nucleated cells and 30% of the protein
of muscle cells. Actin molecules each bind an ATP or
ADP molecule and self-assemble into long filaments

25 during which the ATP is hydrolyzed into ADP. '

Injury to animal tissues results in the
release of actin into the extracellular space.

-

Although approximately half of nonmuscle cell actin is

F-actin, (the double-helical, rodlike, filament form of
30 actin which is assembled from G-actin monomers), the

ionic conditions of extracellular flulds favor actln

"polymerization, so that virtually all the actln
released from dying cells would be expected to
polymerize into filaments if suffiqiently concentrated




S E. et al., Am Rev. Respir. Dis. 138:429-434 (1988)). Actin polynerizes
into long, rod-like filanments which are relatively resistant to degradatlon
by proteolytic 5 enzynmes. In purified solutions, in the absence of
filament-shortening proteins, actin filaments can easily.attain |engths of
several mcrons. Because of the |arge anmpbunts of actin in cells, the

rel ease of actin fromdying cells provides 10 sufficient actin to have a
significant effect on the m croenvironnent, either by increasing the
viscosity of extracellular fluids, such as nucin, and/or by entrapping
cells or by other, as yet unidentified toxuc-effects. Infusion of
extracellular free actin is toxic 15 to aninmal tissues (Harper, K D. et
al., din. Res. 36:625A (1988); Haddad, J.G et al., Proc. Natl. Acad. Sci
USA 87: 1381- 13g69Xeafyy \than acfew mitrograns rpeximillibiter) s(Limd, to be

bound to an actg e bié&gifp, Prohei RevSURBspSr! NBSS. di§§u§§§d4pgl PYegéhy s
actin 20 mnuldzﬁgnaln nonmeyi c oy ol igoneric. @QféE? E[ di ng Protelns There
[

are many protei YRRXAZ8$ y1REQotPRT e TR ampentes reiiehy of
actin-bi ndi ng pre atelat sesl Wt vesbstadt Poo edeqtadation E?Vpr&@éd:lﬁélBi ol .

(1986)  Hoveveg =i ki Eled ot dbicnacpin ARE Wlbense 1t g

protein) ‘are tHoikanent-shopkening | proeeiussi a¢ein of ibamenty @aallracel | ul ar
actin (Janney, dadilPtatdainBl HQ Sf%e ?r%f’q“:(é?&g%? nPI asma gel solin
i

(sonetines called brevin)_and al so cal are two high
affinity actin-binding prRRETHEet ttﬁﬁlé?r$ﬁ ?W%&%ES of; |§ﬁtb¥f+ﬂlty
actin-bindi ng prells nsthe nrebedse of taceihefrdmodying cells provides

10 sufficient actin to have a significant effect on the
microenvironment, either by increasing the viscosity of
extracellular fluids, such as mucin, and/or by .t
entrapping'cells or by other, as yet unidentified toxic
effects. Infusion of extracellular free actin is toxic

15 to animal tissues (Harper, K.D. et al., Clin. Res.
36:625A (1988); Haddad, J.G. et al., Proc. Natl. Acad.
"Sci. USA 87:1381-1385 (1990)). 1If actin released from
injured cells were to be bound to an actin-binding
protein, such as those discussed below, this actin

20 would remain monomeric or oligomeric.

Actin-Binding Proteins

There are many proteins which naturally
associate with actin. For a review of actin-binding
proteins, see Stossel, T.P. et al., Ann. Rev. Cell :ﬂ_.

25 Biol. 1:353-402 (1985); Pollard, T.D. et al., Ann. Rev.
Biochem. 55:987-1035 (1986). However, two proteins,
gelsolin and DBP (vitamin D binding protein) are
thought to be primarily responsible for binding
extracellular actin (Janmey, P.A. et al., Blood 70:529-

30 530 (1987)). )

Plasma gelsolin (sometimes called brevin) and
DBP (also called Gc globulin) are two high affinity
actin-binding proteins that exist in plasma. High
affinity actin-binding proteins bind actin with a K4 of




| ess than [err]. Both gelsolin and-DBP bind to actin in bl ood serum and
have actin depolynmerizing activity. DBP preferentially binds nononeric
actin while gelsolin preferentially binds actin filaments. 5

Gelsolin is a multifunctional actin- bi ndi ng protein obtained from manmal i an.
cytopl asm and extracellular fluids. Plasma gelsolin differs fromcellular
gel solin by an additional 25 am no acids at the amno term nus of the

nol ecul e. Both gelsolins are 10 the products of a single gene. Plasma

gel solin has three actin-binding sites and binds with high affinity to
either Gactin or F-actin. Plasma gelsollnﬁm nds a second actin nolecul e
with a higher affinity than it binds a first actin 15 nol ecule. Thus, it

preferent al |y {gugecgad £69D! cgen el odi 1nCaMR! S¥opEAY BoNGSCLAl Nt s

in preference t 0O nononers. asma gel s I n severs
the fil anent |nb&oqdn§evumoa;zdu bavranasr-landepemmséaﬁdaﬁslvhwend of the

new y formed flbﬁﬁﬁﬁireszethmﬁ B?h&%‘ thEHEQ@.&' aétahewanéeFasbm will
sever the actin | anent sgicessl Yy Untl actin- solin

conpl exes are pPE§§ﬁFethé Bybin Pdﬁﬁt&EpSFgﬁEPPang t he fllanent Free
and conpl exed (to actin) gelsolin 258 spmadtli€andtibaali actha-bihdiagi onal

properties. Al though.fr | | a C

actin- gelsolln Sﬁgﬁé§e§88§§h§§ kgeﬁ Rﬁﬁﬁ%i ag.%ggobgéﬁgfgén in the plasna
and ot her extraestracellulardf§lnidse s@ﬂéﬁmucgﬁﬂspﬂuanéhﬁ§er§0frpmgeIsoI|n
i s present in exeg3ai1ak aetusahﬁnby aal %@dlhéafaunzsoa&haéescaas gerned; if

actin s in exc%iﬁ ah?géec32$1nﬁgeo 5? Olh%?”irs a%gtgg Rsoglns are
10 the products of a single gene. Plasma gelsolin has
three actin-binding sites and binds with high affinity
to either G-actin or F-actin. . ) *
~ Plasma gelsolin binds a second actin molecule
with a higher affinity than it binds a first actin
15 molecule. Thus, it preferentially forms 2:1 complexes
over 1:1 complexes and binds filaments in preference to
monomers. When added to F-actin, plasma gelsolin
severs the filament in a nonproteolytic manner and
remains bound to one end of the newly formed filament.
20 If free gelsolin molecules are present, they will sever
" the actin filament successively until only 2:1 actin-
gelsolin complexes are present, thereby rapidly
depolymerizing the filament.
Free and complexed (to actin) gelsolin
25 molecules differ in their functional properties.
Although free gelsolin can sever actin filaments,
actin-gelsolin complexes cannot.
Gelsolin’s primary function in the plasma and
other extracellular fluids is to sever actin filaments.
30 If gelsolin is present in excess of actin, only
" gelsolin-actin complexes are formed; if actin is in

excess, there are free actin oligomers and gelsolin-

actin complexes. The actin severing occurs by_way of a

nonproteolytic cleavage of the noncovalent bond between
35 adjacent actin molééuléé; Gelsolin‘s severing activity




actin conpl exes. The actin severing occurs by way of a nonproteolytic

cl eavage of the noncoval ent bond between 35 ,adj acent actin nol ecul es:

Gel solin's severing activity -6 1is acti vat'ed by m cronolar Ca[err] and
by pH above 6, and has been shown to be inhibited by phosphatidyl inositol
4-5- bi sphosphate [err] and phosphatidyl inositol-4- nonophosphate (PIP).
Since extracellular CaJerr] 5 concentrations are at mllinolar |evels and
extracellular fluids do not normally contain PIP or PIP2 in a formthat
inhibits gelsolin, plasma gelsolin is constitutively active in

extracel lular fluids. Human extracel | ul ar” @brasna) gel solin cDNA 10 has
been cl oned and sequenced (Kw at kowski , D J et aI , Nature 323: 455-458
(1986) ; Kwi at kowsKki

Fragnents of th&S nﬁFF%KaBthBVnmﬁﬁFEWC? ﬁ thgn §7$§3$% %% %?;%??n have

been |dent|f|edhéBrbeen dhowd. t8ebe Bnhhbltadle'phﬁ%phaeidy198ﬁ¢s;tﬁln
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genetical ly gol &Ba&aHtEaEQohexaeat lcnmtlhqmaqam&vaqaehna di sorder called
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. ’ Human extracellular (plasma) gelsolin cDNA

10 has been cloned and sequenced (Kwiatkowski, D.J. et
al., Nature 323:455-458 (1986); Kwiatkowski, D.J. et
al., J. Cell Biol. 106:375-384 (1988)). Fragments of -
the native protein which retain the ability to bind
actin have been identified (Bryan, J., J. Cell Biol.

15 106:1553-1562 (1988); Yin, H.L. et al., J. Cell Biol.
107:465a (1988), abst. no. 2616); Kwiatkowski, D.J. et
al., J. Cell Biol. 108:1717-1726 (1989); Way, M. et
al., J. Cell Biol. 109:593-605 (1989)). There is no
evidence to suggest that it is genetically polymorphic

20 (except in the uncommon genetic disorder called
Finnish-type amyloidosis in which single amino acid
mutations are found in plasma gelsolins), indicating
that use of recombinant human protein should not lead
to immunogenic or other toxic effects. Plasma gelsolin

25 has been detected. in many body fluids, suggesting that
gelsolin may also be a normal component of airway '
 f1uid, at least in states of inflammation.

DBP has also been cloned (Coocke, N.E. et al.,
J. Clin. Invest. 76:2420-2424 (1985); Yang, F. et al.,

30 Proc. Natl. Acad. Sci. USA 82:7994-7998 (1985)). DBP

has a single actin-binding site and binds

constitutively to monomeric but not F-actin.




DBP has al so been cloned (Cooke, N.E et al., J. din. Invest. 76:2420-2424
(1985); Yang, F. et al., 30 Proc. Natl. Acad. Sci. USA 82:7994-7998
(1985)) . DBP has a single actin-binding Site and binds constitutively to
nmononeri c but not F-actin. -7- Actin and DNase | The catalytic activity
of DNase | is inhibited by actin, to which the enzyme binds tightly

(Li ndberg, U., Biochem Biophys. Acta 82:237-248 5 (1964); Lazarides and

Li ndberg, Proc. Natl. Acad. Sci. USA 71: 4742 4746 (1974)). Actin conprises
about 10% of the protein nass of Ieukocytes IT follows, therefore, that
abundant actin, as mell as DNA polyners, mght exist in purulent airway
contents. If actizy éﬁf é%)ﬁ;lthese contents, the efficacy of DNase |
i n DNA degradatlon woul preJ—l ably be reduced by bihding to actin present

in the very secretions for qyd ey ‘hnﬁgqﬂﬁ 4 laments
al one produce nepggfks of 15n@k%2 e ast|C|t en |nter enetrated
wi t hin mucus and Tor &R &S] %I%‘%ﬂ Rinde tightdyy
rigid gels as the(y.mhmw:@) fubr IBY dclEhie\BidpHs . Bidl@l SR (1992)) .
20" copect ai 1y by e0R gt AT %M@%ﬁ%}? Sy At § 5T Col |
Bi ol ogy 3:4-11 (M1)7)1 |4s'74t2rrdt’76f60r(e.m)at A r Acttire aqnmmzsa”s tabcnﬂﬂummg:ﬁ he
SOl v s (e, 2 sl I A i B
mol ecul es shoul d actln, as well as DNA polymers, might
exist in purulent airway contents. If actin does exist
10 in these contents, the efficacy of DNase I in DNA
degradation would predictably be reduced by binding to
actin present in the very secretions for which DNase I
was intended.
Actin filaments alone produce networks of
15 high elasticity, and when interpenetrated within mucus
and/or DNA polymers, predictably would contribute to
very rigid gels as they do with fibrin (Janmey, P.A.,
Blood 80:928-936 (1992)). Introduction of actin-
binding molecules that disaggregate actin filaments,
20 especially by severing actin filaments (Janmey, P.A.,
Curr. Opinion Cell Biology 3:4-11 (1991)) is therefore
an attractive approach to reducing the consistency of
airway mucus, and especially- purulent airway mucus.
Since actin inhibits the catalytic activity
25 of DNase I, actln-blndlng molecules should also enhance -
the efficacy of DNase I in degrading DNA by
solubilizing actin and facilitating its removal from
DNA-containing airway mucus in which DNase I is
intended to be effective.

30 SUMMARY OF THE INVENTION

The present invention is based upon the
Applicants’ consideration that, since leukocytes are a
significant component of purulent mucus and actin




the efficacy of DNase | in degrading DNA by solubilizing actin and
facilitating its renoval from DNA-containing airway nucus in which DNase |
is intended to be effective. 30 ~ SUMVARY OF THE | NVENTI ON
The present invention is based upon the Applicants' consideration that,
since | eukocytes are a significant conponent of purulent mucus and actin
-8- conprises about 10% of the prot'ein mass of | eukocytes, abundant actin
m ght exist in purulent nmucoid airway contents. The invention is also
based on the consideration that the efficad of DNase | in degrading 5 the
DNA polymers in purul ent nucus woul d predictably be reduced by binding to
actin present in the nucus, Therefore, the effect of both endggenous DNase

| and DNase | 2 GORRTASES: RPPRSedO%: 9y Profsding Mass aduderRBEYhafdi ng t o
Fcti n present i abuhdaner ;cs.&nr elights ebdist] Anvpurtulidit autioiRb affway

nt ended. Accor%o?‘gl ts.heﬁeeiﬁ%ntq ntl1 0318%0 %s%% upon i d t he Appl lcant's

consideration t € admnrstration of "actin- ng conpounds or
fragments or f umﬂ%ﬂ&t%&hﬂe&hﬂw@f@ﬁa% O(fatlmaﬂ% Inidrh degrading

pat hol ogi cal sMuegied pieal Wait Ildld?ftOWSt Wl@'ﬁréﬁléﬁ%lly fb
protection agalnst obstruc i.on of t resplratory tract efore an
obj ect of the i RGN to AQtHgy PreseRty iy e YRSt i n

filanments, prevemterlego&etl Ith[é0|e)ﬂﬁerdt2aiﬂ mtm@ddyerﬁhsim%!mgaﬁ&le
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by blndlng to actin present 1n the very secretions for
10 which the enzymes were intended.
Accordingly, the present invention is based
upon the Applicant’s consideration that the B
administration of actin-binding compounds, or fragments
or functional derivatives thereof, to patients with
15 pathological mucoid airway contents will provide
treatment of and protection against obstruction of the
respiratory tract. It is therefore an object of the
invention to provide a method for depolymerizing actin
filaments, preventing actin polymerization, and for
20 decreasing the levels of actin in the respiratory tract
of individuals with airway disease.

. It is an object of the invention to provide a
method for the reduction of viscosity or solubilization
of mucoid airway contents, obstructing the normal

25 patency and flow of air in the respiratory tract in
individuals with airway disease, and especially

-

inflammatory airway disease.
Accordingly, the invention provides a method

to reduce the vigscosity or consistency of pathological
30 airway contents by instillation into the respiratory

tract of actin-binding compounds, and especially actin-

binding proteins which: 1) disaggregate (depolymerize,

fragment and dissociate) or preﬁent aggregation of

actin filaments released from disrupted leukocytes and
35 other cells that solidify airway contents, and




met hod for the reduction of viscosity or solubjlization of nucoid airway
contents, - obstructing the normal 25 patency and flow of air inthe
respiratory tract in individuals with airway di sease, and especially

i nflammat ory airway di sease. Accordingly, the invention provides a nethod
to reduce the viscosity or consistency of pathol ogical 30 airway contents
by instillation into the respiratory tract of actin-binding conpounds, and
especially actin- binding proteins which: 1) disaggregate (depol ynerize,
fragnent and di ssociate) or prevent aggregatPon of actin filanents

rel eased from disrupted | eukocytes and 35 other cells that solidify airway
contents, and -9- especially nucoid airway contents, and/or 2) prevent
actin from i nhi bieSPeFiAd Yadui b2k rwa riegiemis aand/(an ¢ dxgeert DNA
pol yners that inectdse firten iiti0silvisig ey beiBiw e die dNasfe | DfEYe PE 5

endogenous or suppl.ied for_ ther ut_i ur poses by, aerosolization or any
ot her apptopri at S‘Rﬁ’ﬁ: éiﬁ%&*%%%&ﬁ‘&% o'ﬁ?‘?g? VR SI® Het® obj ect of the
i nvention is redwiiscpelasticidly ff amcus bi Mther(PNasd (I Didgsebe i n t he

respiratory trac %?H% W {4 [ =i ndd and
espgci al | yyacts?n%'n'rﬁé> | nﬁ?o{]eﬁgif%&]t er ﬁ%&%%&%%?&¥f t her

obj ect of the i nASHASH Ization: ARy pEhek FRREAPTIAYS and Rffectiye
nmucoi d ai rway comdeRiiss. by the 15 administration of actin-binding conpounds,

and especially actin-bindi ng. pLotSlas;, Teas-Ak WHRLORF g Of the

invention is reducing the level of actin binding to

10 DNase I in the respiratory tract by the administration
of actin-binding compounds, and especially actin-
binding pﬁoteins, to the respiratory tract. A further
object of the invention is to enhance DNA degradation
in pathological mucoid airway contents by the

15 administration of actin-binding compounds, and
especially'actin-binding proteins.

These and other objects of the invention,
which will hereinafter become more readily apparent,
can be obtained by administering to'patients with

20 mucoid airway contents causing airway obstruction, one
or more actin-binding proteins or fragments or
functional derivatives thereof, in doses and under a
regimen that treat the obstruction which occurs after
actin and/or DNA release into said contents.

25 - BRIEF DESCRIPTION OF THE FIGURES

Figure 1 Dynamic shear moduli of cystic
fibrosis Sputum. Sputum samples with or without
gelsolin or gelsolin fragment were placed between the
parallel circular plates of a torsion pendﬁlum (Ferry,

30 J.D. Viscoelastic Properties of Polymers, 3rd Ed., John
Wiley & Sons, New York (1980)) and a momentary
displacement was épplied to the arm attached to the
upper sample plate. The dynamic shear modulus, G, was

calculated from the frequency and damping of the




which will hereinafter becone nDre-réadin apparent, can be obtai ned by
adm nistering to patients with 20 mucoi d ai rway contents causi ng airway

obstruction, one or nore actin-binding proteins or fragments or functional. -~ : ~

derivatives thereof, in doses and under a reginen that treat the
obstruction which occurs after actin and/or DNA rel ease into said contents.
25 BRI EF DESCRI PTION OF THE FI GURES Figure 1 Dynam ¢ shear
modul i of cystic fibrosis sputum Sputums les with or without gelsolin
or gelsolin fragnent were placed between thgfgaFallel circular plates of a
torsion pendulum (Ferry, 30 J.D. Viscoelastic Properties of Polyners, 3rd

Ed., John Wl ey 8&:§§G§t1f}5""f¥eéko§égﬁhhéﬁg a &Dra%ﬂa%rtééhndlp%ab@m gIent was

applled to the armattached uppe shear
nodul us, G was c@PRERARERI] FBM‘FHB“Pr éaaeﬁéy aﬁaoaawl A8 shet pgerage 10 -
resulting free osgttint foDamefrtOlengthn (pahmepr eccant 3i Bibehseml BEkpns

B beheni stry 37 6210458822895 96 .| BT BYpERPoE e R HpstuRone: 15
Cystic fibrosis splonesplBs Qbtdki fiibrGsigysputufi plusi gedpoliny plas
gel sol.in am no ac séiégf§ﬁioé1§6 ggg“kgﬁg §g§§5 gﬁegﬁéﬁ d ﬁovery of

cystic fibrosis s tum utunlsa out i n or
gel solin fragnent 5FSE%Bthr§E€n pl ates of the torsion pendulun1mere

subjected to a constant shepigfitec3s. shéhe swbe ?quaatréeboéﬁptbgnc Stic
quantified as the spear ; comBLkARCe: shituh®bhop?bsaSEeh 8L 8iPnb3c!

10 gelsolin or gelsolin fragment placed between plates of
the torsion pendulum were subjected to a constant shear
stress. The subsequent deformation is quantified'as *

~the shear compliance, the ratio of shear strain to the -
imposed stress. Previous studies have shown that the

15 compliance of F-actin increases sharply as the average
filament length decreases (Janmey et al., Biochemistry
27:8218-8226 (1988)). The abrupt decreases in strain
represent release of the applied stress.

Fiqure 3 Dose response curve for gelsolin

20 and DNase I. The change in viscosity of sputum samples
with gelsolin or DNase I was measured in a torsion
pendulum after 60 minutes of incubation. The change in
viécosity with increasing concentration is shown as a
percentage of the initial viscosity.

25 ' Figure 4 Effect of gelsolin combined with
DNase I on the viscosity of sputum. The change in" T
viscosity of sputum samples with gelsolin, DNase I or
gelsolin and DNase I was measured in a torsion pendulum
over.a period of 60 minutes after the addition of the

30 compound. The results are shown as a percentage of the
‘initial viscosity over time.

- Fiqure 5 Effect of a combination of actln-'
binding compounds on the viscosity of sputum. The '
change in viscosity of sputum samples after the

35 addition of gelsolin combined with Gc globulin (vitamin




i nposed stress. Previous studies have shown that the 15 conpliance of
F-actin increases sharply as the average filanent | ength decreases (Janney
et al., Biochem stry 27:8218-8226 (1988)). The abrupt decreases in strain
represent release of the applied stress. Figure 3 Dose response curve for
gelsolin 20 and DNase |. The change in viscosity of sputum sanples wth
gelsolin or DNase | was neasured in a torsion pendulumafter 60 m nutes of
i ncubation. The change in viscosity with increasing concentration is shown
as a percentage of the initial viscosity.” 25 - Figure 4 Effect of
gel solin conbined with DNase | on the viscosity of sputum The change in

viscosity of sp ' e | DNage.l or,_gelsolin and, DNase
was measured i n%%ﬁ%?@#ﬁ%& J'é%%rhga%%]r:? dlgfaGBg"ﬁfﬁﬁ?egeﬁ REEM; e
addi tion of the @ercorprxaed offhe0rvinutesarttenobhe aaddipiosenfagkeof the
initial viscosityofy&inds T8 Thé WHeSude & 4861 sREWA 58RI PaLELAL QG 86! N-

bi ndi ng conpounds, on, the, vjscosity, of sputum The change 1 n vistosity of
sput um sanpl es HFReriHelal VABFPELRY 0PVEEI §8PEn conbined with Gc gl obul in

(vitamn - 11 - D binding protein) was nmeasured in a torsion pendul um
over a perioq%of 60 m nutes after é#f@iﬁﬁﬁiéégg¥ p+1S conpounds. The
results are shown as a percentage viscosity over tine. 5

DETAI LED DESCRI PTI ON The present invention is based on the consideration
that airway (respiratory tTRRetpresentninveayienniai hagedi enfthanents and

DNA pol ymers whi&bnsideration that airway (respiratory tract) contents
may contain actin filaments and DNA polymers which
increase the consistency or viscosity of the airway

10 contents and, by doing so, prevent normal clearance and_
lead to pathological consequences. Accordingly, an '
object of the invention is to reduce the viscosity or.
consistency of pathological airway contents by causing
the disaggregation or depolymerization of actin

15 filaments, the inhibition of actin polymerization,
reduction of actin levels, and the degradation of DNA

"polymers. Accordingly, in one embodiment of the
invention, an actin-binding compound or compounds are
introduced into the respiratory tract of a patient

20 whose airway contents contain actin filaments and DNA
polymers that contribute to respiratory distress. The
actin-binding compound may disaggregate actin, prevent
or reduce the polymerization of free monomeric actin,
and/or prevént the binding of actin filaments or -

25 monomers to DNase I. A general embodiment of the
invention is a method for the solubilization or
reduction in consistency or viscosity of pathological
respiratory contents in the respirétory tract of
individuals experiencing respiratory distress as a

30 result of the presence of such contents.

The present inventioq is further based upon
the consideration that airway mucus may contain actin
filaments and DNA polymers which increase the
consistency or viscosity of this mucus and thus prevent




I ncrease the consistency or VISCOSIty of the alrmay 10 contents and, by
doi ng so,- prevent normal clearance and | ead to pathol ogi cal consequences.
Accordingly[ an object of the invention is to reduce the viscosity or
consi stency of pathol ogi cal airway contents by causing the disaggregation
or depolynerization of actin 15 filanments, the inhibition of actin

pol ynmeri zation, reduction of actin levels, and the degradation of DNA

pol ymers. Accordingly, in one enbodi nent of the i nvention, an actin-binding -
conpound or conpounds are introduced into Th%zrésplratory tract of a

pati ent 20 whose alrmay contents contain actin filanments and DNA pol yners
that contribute to re S._.The acjin-bi.ndi oppound_may
i sagor egat o act TP IRLVARE LI (4 cEESAERSF b PORFRERe BY - T EEeSHoABer i
actin, and/or pr@&mﬂCQPnﬁtﬁhﬂlmgeﬁénacinwentienenosreduce26henwmaeos1tp
DNase |. A gener aby eidhiadi dEdhcpl of hsueHVﬂa&henbystﬁensammléefawsn,

sol ubi l'i zation or,  reduction I n, consistency or visgosity of pathol ogi cal
respiratory conte&ﬂ%?|§P?rﬁ??E%ﬁ@?%fBrQr?FEC?oﬁFaFHHFglﬁ%%PSmEQB§r|@§CFﬂg

respiratory distressimoinding esompoahdt 6 poapetndsof 'Bh@hcﬁﬁpbﬁﬁﬂsmaifhe
pr esent |nvent|on s . further based ﬁ §§§ on5|deuat¥ hat nucus

may contain actin ??IQX&; T2 AECIRAT LLYNFERZTHET 38 l?hglésﬂgﬁgfency
or viscosity of timEprnmnmnamGROMGSSprbYehindlns to achinnad asrtbow and

cl earance. ACCOV%Mé/nt'EhéSb‘ PH €6k QEt%HetﬂfﬁﬁgEE ¥NVERLH@ERL O ffduce

the viscosity or ‘tonsistency o suc nicus mnistration, into the
respiratory tracthﬂﬁﬁ%ﬂﬁl%@Ys%%ﬁ°nﬁEEstoPrﬁﬁentlng the polymerization

10 of actin monomers into filaments. By promoting mucus
clearance, the compound ultimately can reduce the
levels of actin in the airway contents. Accordingly, -
in one embodiment of the invention, a method is

provided for reducing the consistency or viscosity of

15 airway mucus or solubilizing said mucus, by the
introduction of an actin-binding compound or compounds
into the respiratory tract of an individual whose
respiratory tract contains said mucus.

The present invention is further based upon

20 the consideration that purulent mucus in the '
respiratory tract contains significant leukocyte
contamination such that said mucus contains DNA
polymers increasing the consistency or viscosity of
said mucus and may contain amounts of actin filaments

25 such that the mucus contributes to airway obstruction,
reduced expectoration, and other forms of respiratory
distress. Accordingly, it is an object of the
invention to reduce the consistency or viscosity of
purulent mucus by causing the disaggregation

30 (depolymerization) of actin filaments that may be
present in said mucus and by enhancing the degradation
of DNA polymers present in said mucus. Therefore, in a
preferred embodiment of the invention, the consistency
or viscosity of purulent mucus is reduced by

35 introducing into the respiratbry tract of an individual




5 actin-bi ndi ng conpound or conpounds. The conpound may act by

di saggregati ng (depol ynerizing) actin filanments into actin nononers, by
binding to actin so as to prevent the binding of actin to DNase |, or both.
The conpound may al so act by preventing the polynerization 10 of actin
nmononers into filanments. By pronoting nmucus cl earance, the conpound
ultimately can reduce the levels of actin in the airway contents. '
Accordi ngly, in one enbodi nent of the inventi®sn, a nmethod is provided for
reduci ng the consistency or viscosity of 15 airway nucus or solubilizing
sai d-mucus, by the introduction of an actin-binding conpound or conpounds
into the respiratwight gaéd vhcus.i adi acgdat-bindiogr eompboundr w1t r act

contai ns sai d MICUsmpdRaR! eSehk hRESALLIRGRgl LohPElnBas fa v RRRatle! e
consideration that purulent nmucus in the respiratory tract cCoitains

significant |eukoEhearcBRfSRFNRYI SRPOIINeTRAZLNGaRAF i 48 CoRCH1Rs DNA
pol yners i ncreasi fignbfiers)nbiatdengy ter actinofilpmehtsaatidwmondmid By as

contain anounts of actin fil nts h t he .mucuys trihutes to
ai rway obstr uc?i OI:I‘,D PEGYER gg%&& 8?‘2'9%%?] téngkgtsll%erl i %%né’%%?"r espir at ory
di stress. Accordi agihpount mayaslst est by prevemrdmg &iret polamesd zatd.on

consi stency or vi 6%0§L~.ﬁ;xn%op%u&%ntimlm%ea%%si NGy Be-cHctasy aRRhiLn 30
(depol ynerization) of actin filanments that may be _preSent in sai'd nucus an
by enhanci ng the Gé§PZX@RCPantHL SRR inatedyt caR ednsadhe '

Therefore, in a plevelsedfeakrednrdn tie afieway edintentd.he consistency or
VLscosity of LU Nt et s e ibdiheitd WY VA bt "S5
DNase I is present, it can be either endogenous or
added exogenously for therapeutic purposes. When it is.
added for therapeutic purposes, it may be co-
administered with the actin-binding compound or
15 compounds or separately.

In further embodiments of the invention,
fragments or functional derivatives of the actin-
binding compounds are administered to patients with
pathological airway contents, mucus, or purulent mucus

20 in their respiratory tracts to protect against
obstruction of the respiratory tract or reduction of
expectoration.

In the preferred embodiments of the
invention, the methods are directed to reducing the

25 consistency of the specific airway contents by )
introduction into the respiratory tract of a patient‘in-
need of such treatment, actin-binding compounds which
may do one or more of the following: (1) diséggregate,
depolymerize, fragment, and dissociate actin filaments

30 (or prevent aggregation or polymerization of actin
monomers and oligomers) released from disrupted
leukocytes and other cells that solidify airway
contents; (2) prevent actin from inhibiting the action
of DNase I which degrades DNA polymefs by blocking

35 actin binding to DNase I; (3) ultimately reduce the




- 13 - with saidsucus, -an actin-bi ndi ng conpound- or conpounds. The
actin-bi ndi ng conpouhds may produce their effect by depol ynerizing actin
into actin nononefs, binding to actin filanents and nononmers so as 5 to
prevent their binding to DNase I, or both. The conpound may al so act by
preventing the polymerization of actin nononers into filanments. By
pronoti ng mucus cl earance, the conpound ultimately can reduce the |evels of
actin in the airway contents. 10 - 14 all enbodinents of the
invention, if DNase | is present, it can be either endogenous or added
exogenously for therapeutic purposes. Wien it is. added for therapeutic
purposes, it may beveD-ofdacvifnt ehediwiwap tbetentsnbli paomgtdogpound or 15
conpounds or separately. In furiher Lmen €N ' r nts
ornFunctionaI der?@%??%%geo?EtgéeaSPﬁgggg%ﬁdi%S g%n%guﬁ SEE?%E% ﬁ?ﬁi??g?ed
to patients with paehatbyhcrreaeniajic SREPAT3ILORYCGORLERTFUr dP&ntMucus 20
in their respiratgpypbsachs tRePiaveaLidagi 5! eRbThCellngarobctin in

respiratory tract” or _reduction of gectoratlon. I%Féhe gref rred
embodi ment s of 5t h&atAvERRFERTS 4B %é RoBOREPE* dPFected™ESFY 8888 ng the 25

consi stency of the specificIa awpprtdeudariybpreferced: embodiment: o€ the
respiratory tract ,of i eqt i of .su :, N JudidiiRg
conmpounds whi ch nﬁgvggtgﬁé’o?hﬁonggggfh%r?oPFg%%ﬁg%ﬂ§ ?gﬁgggpfgaatél .
depol yneri ze, fragedsplianerdansasitive fxaoment] % fupcidqnal %eamtlve
aggregation or pokygeebzali @R18b13 WAy HRORRRY ol igRiER e T el eased
from di srupted | eukocytes .and ot her cells tg_r#g mse%lﬂo%sf Yo Ayl VA t(ipont ents;

(2) prevent adPinTEEBATALRRY SERFT MY FN se used

to administer DNase I to patients with respiratory
distress. The treatment is not, however, limited to
gelsolin alone. Gelsolin may be co-administered with

other actin-binding compounds (preferably vitamin D
15 binding protein) or with DNase I.
| Ih a further embodiment, an actin-binding
" compound or ;ompounds (preferably gelsolin) may also be
introduced into the airway by the intravenous route.
The embodiment is based on the consideration that drug
20 delivery by inhalation may be inherently limited in
congested airways because of obstruction. Effective
solubilization could be expected to enhance drug
delivery by inhalation. On the other hand, an assault
from the blood side may deliver the drug into alveoli -
25 as well as bronchioles and bronchi, such delivery be%gg_.
heightened by chronic inflammation and concomitant
increased blood-tissue permeability.
It is known that plasma proteins can enter
the airways as evidenced by a-l-antitrypsin therapy of
30 hereditary emphysema. Presumably the efficiency of
blood to tissue:delivery of plasma proteins is a direct
function of blood levels of those proteins.
Accordingly, plasma gelsolin levels ¢an be measured to
determine if airway binding to actin has had a

35" depleting effect.
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of DNase:l which degrades DNA pol ymers by bl ocking 35 actin binding to
DNase I; (3) ultimatély reduce the - 14 - level of actin in airway
contents by pronoting clearance of the contents. It is to be understood
that the actin present in respiratory contents, for the purpose of the
invention, is extracellular actinin 5 said contents in free nononer or
filament form In a particularly preferred enbodi nent of the invention, the
met hods are priacticed with the protein gelsolin or an active fragnent or
functional' derivative thereof. Gelsolin nay b2 tntroduced into the 10
respiratory tract by routine nmethods such as those used to adm ni ster DNase

| to patients with respiratory distyess. ,.The o]
Iinitgd to gelsolin alone. gé|¥%§lﬁﬁ @mbngdE?ﬁggtéP 2§§fﬁﬁgtmﬁ¥85’
acti n- bi'ndi ng corqudnads. (Bevt eRebpy Eusanﬂﬁ8®425 -BBAdi(ng8pd dt Ehar plammah
DNasé 1. In a fur ?ofﬂﬁoﬂfggﬂ% aé@ de &ngbadiﬂge QEQHEHtQ% iﬁﬁgounds

(preferably- gelso may a e 1 ntroduce al rwa
i ntravenous rout elRIREY ARBdLReRLipdicBdsARDSm ARG 96H§F§eP§FFoﬁlﬁhﬁﬁddrug

20 delivery by i¢hatathepeniy bemenhe&a&hbnshhﬁlbedweEncaueeabeﬁaasruams
because of obstrucilon gFaﬁgilve sol ubi | i zation

expected,to
enhance drug del i® ?mﬁy AP SRPCERTER, l8Pﬁer ﬁgﬁﬁoggn ssabPFkPrgﬁﬁthe
bl.ood side nay deGrowp Fhenda@gonnfvbduwaamanEblamew§ln4531&ﬂoddBB@Dés and

bronchi, such del sygry Fﬁenaagogegan&%@e@fb 18%9“?% Ehﬁ”ﬁ%t hﬂ%cﬁ d 3¢
conconi t ant |ncreased bl ood-tissue perneabi nown t ['asma
proteins can ent epdy be that levels fall as patients become 1ncrea81ngly

10 cachectic in response to chronic infection and hypoxia.

In all embodiments of the invention in which °
the efficiency of DNase I is enhanced, the ultimate
object of the embodiment is to enhance DNA degradation
in pathological airway contents, and particularly in

15 mucus and purulent mucus.

The diseases that are amenable to treatment
by the methods of the-present invention include, but
are not limited to cystic fibrosis, chronic bronchitis,
mucopurulent or purulent exacerbation of simple mucoid

20 bronchitis, bronchorrhea, bronchopneumonia, widespread
bronchiolitis, purulent pneumonia, pneumonic-alveolar-
consolidation, asthma, with or without asthmatic
bronchitis with mucus plugging, acute and/or chronic
purulent sinusitis, empyema, bronchiectasis,

25 bronchocoele, adult respiratory distress syndrome
(ARDS), post- transplantation obliterative ‘
bronchiolitis, and allergenlc bronchiolitis (flbr051ng
alveolltus)

-.

In order to provide a clearer and consistent
30 understanding of the specification and claims,
" including the scope to be given such terms, the
following definitions are provided. i
The term "respiratory tract" or "airway"
. would be understood by the skilled artisan to refer to
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the airways as evidenced by [err]-1-antitrypsin therapy of 30 hereditary
enmphysema. Presumably the efficiency of blood to tissue delivery of plasm
proteins is a direct function of blood | evels of those proteins.
Accordingly, plasma gelsolin |evels can be neasured to determne if airway
binding to actin has had a 35 depleting effect. - 15 - It was shown
(Am J. Path. 130:261-267 (1988) and Am Rev. Resp. Dis. 138:429-434
(1988)) that plasma gelsolin levels are degrggsed in experlnental | ung
injury and in clinical  ARDS, and others have @laimed 5 that there is sone
rel ationship between muscle mass and plasma gel solin concentrations

(Yamanoto, H., Osgka @&Bu?éi?uanﬁoéa%frh%spkb%aﬁét Lo g%'r'tﬂ@%ui'le%élg)a'l‘”

(1992)). -Since the maj or _sour.ce of g asma gel Sol.in 1I's nmusc
that levels fall H&2p&t PENVELIFBCBhe " PREFFaSIERGRY 216 BacRec BRS IePFCIhéE‘Eénse

to chronic infectbegwaed Ambexnha. alift akld @lood aeat m@hghlne abdwent i gRiksn

which - the efficien f h t he te o] ect of .t he
enbodi ment is to gﬁﬁgécg Dﬁlﬂaﬁ‘ﬁkgagt %(%L %ﬁgg‘[eholl efal Ay r.‘\'ts
and particul ar By eavisynaodscenchperulthe phacyngefile opiendnge oft ma are
amenabl e to {real ggAlcByy! PaRES! RAMS piiarivhs PitieNlasyiNENchR) crdchide, but

are not limted to_cysticC i.br osi_s hronlc bronchltls mucopur ul ent "or

purul ent exacer baItPGn SPné’P&pl and, theq 1pas-ondhe ilnventdemdsr fdxected
bronchopneunoni a, te¢i deeptmentbodnaireiay icontentd, emtuqu;uwment mucus,

Do o0l YA Bt S of Whel O SHITELA
10 sub-trac eal
' "It would be understood by the ordinary
skilled artisan that "airway contents" or "respiratory °
tract contents" comprise a mixture'of substances
normally produced by the cells lining the airway (for
15 example, through secretion) or remnants of the cells
themselves. Accordingly, the skilled artisan would
understand the term "pathological (mucoid) airway
~contents" or "pathological (mucoid) contents of the
respiratory tract" to refer to those contents that
20 contain components leading to structural and functional
changes in the airway contents (such as excess actin)
which cause abnormal respiratory tract function and/or
disease. These include, but are not limited to, mucus,
purulent mucus, thick mucus, such as in cystic
25 fibrosis, bacteria, and the like. The components may
also be biological components of mucus that alter 6ﬁé
properties of mucus and cause disease or distress. The
components themselves may be caused by an underlying
disease state that contributes to an increase in the
30 amount of normal airway contents or a change in the
type of components from the componeﬁts normally found
in airway contents. For example, there may be an
imbalance or disproportionate amount of certain
components normally found in airway contents (e.g.,

' 35 excess actin). By "respiratory distress" is meant the
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purul ent sinusitis,.enpyema, bronchiectasis, 25 bronchbcoelef adul €
respiratory distress syndronme (ARDS), post-transplantation obliterative
bronchiolitis, and allergenic bronchiolitis (fibrosing alveolitus). In
order to provide a clearer and consistent 30 understanding of the :
specification apd clains, including the scope to be given such terns, the
follow ng definitions are provided. The term"respiratory tract" or

"ai rway" woul d be understood by the skilled gmtissan to refer to - 16 -
t he tubul ar and cavernous organs and structures by nmeans of which pul nonary
ventil ation and gas exchange between anbient air and bl ood are brought
labgut : TEi S V\Dw d dmsm;imrfne@dm pathd it cdnteeirvdy scorttentesehich cavi L y
land conchae, the pharyngea U ts itory t rynx, the
larynx,.the tr achég{%r‘t%’bjb&ﬁ:g%gé]gln t%lgﬁ%ltgsgé%hxéé#{%\e/%%t%@%ﬂi rected

to treatment of aibiEy kAl the @irway uiredueed wespiratoryany of the
parts of the tractylRfdddd! By |0i1kR S Yhedicdd) e sp i Fa b CelaHdliied Shpod by

the ordinary skilled artisan that, "airway contents”, or "rqégérator tract
contents" conpr s&UEGHLAY, MeGhAR TR RN 0 HetHecel | s
i ni ng the airway tHrmyatl5 andrrieeziny ocugsmiacatdrpnroitattiosantsomf t he

cells themsel ves. ﬁ%ﬁ%@é&?'é’méé@: %}&i:‘tﬂ %hé"éééééhﬁ,”'&é‘”ﬁ%&?ﬁéf&%@
t erm " pat hol ogi cal® (1uc al rway content's” or "pathologrca NUCOI
contents of the rdspikaayrg-dexised 1lyhig anzv¥resosnTIAMBIL ALY hat
mediators, fungi, mycoplasma, bacteria, or other
10 microorganisms.

By the term "mucus", the ordinary skilled
artisan would understand the free slime of the mucus .
membranes, composed of secretion of the glands, along
with various inorganic salts, desquamated cellé, and

15 Jleukocytes.

By the term "purulent mucus”, foi the purpose
of the present invention, the skilled artisan would
understand mucus that is rendered highly viscous,
relatively solidified by DNA polymers derived from

20 white blood cells and/or desquamated and/or broken
endogenous airway cells.

The phrases'"solubilizing (mucoid) airway
contents", "solubilizing mucus", or "solubilizing
purulent mucus®" are inténded to mean changing the

25 mechanical properties of said contents, mucus, or )
purulent mucus so as to render such contents more rike
a liquid and less like a solid, more compliant, and
better able to flow in response to shear stress.
Disaggregation of polymers contributing to the

30 viscosity of these components can also release proteins
and other molecules trapped in the interstices of the
contents/mucus/purulent mucus gel. The terms "reducing
the viscosity" or "reducing the consistency* would also
be understood to mean changing the mechanical

35 properties, as described immediately above. The term




,

20 contain conmponents leading to structural and, functianal changes in the
airway contents (such as excess actin) which cause abnormal respirateory"
tract .function and/or di sease. These include, but "are not limted to,

mucus, purulent nmucus, thick nmucus, such as in cystic 25 fibrosis,
bacteria, and the |ike. The conponents may al so be biol ogi cal conponents
of nmucus that alter the properties of nucus and cause di sease or distress.
The conponents' t hensel ves may be caused by _afgunderlying di sease state that
contributes to an increase in the 30 ambunt of normal airway contents or a
change in the type of conponents fromthe conponents normally found in
airway contents. Pordsescmipy, wdidrd baunderatoocddyarnte akililgd cparisanat e

anount of certain.,co t I f 1, al4 way. . gontents (e . 9., 35
excess actin). By t‘%)r gség{laftraét osdr;bq‘[ a{%ér%sg%%%]#éqﬂ%{ Y%eagbg]‘{aﬁcf -t(hatg 1S
consequences of p&AeRSISENalCThithGEHaiian Liiteh eanpinant nnikeculencs

I : m.t ed tob req;Jqu;e@l rg]_li(agi ngsgr{éjiaddﬁh&fl_ .the myS,virwgéal cgcgﬁ&pih dtory
clearance by cilia, r ced.respirat.or ear gnc musc r. mechani sns
such- as coughi g, %9 :i??g%qpqﬁ?ﬂtzgdah h Pl?lg‘?/e‘-’rre%‘-’pi‘? t'or3FE ¥R t ati on
fram prol onged coidetsieen idonpgonerninelieculids, rwieardasm afeduced

| eukocyt e-derived Js\yi] G s YISy i lﬁ%H§¥ qﬁgi rs, ' sna,
bacteria, or ot hep}l%téo%l%%org.arﬁ.s%. y ﬁ%reé%ler m %r?ﬁc%sd’%%s%r(ﬁf%gj}e;
skilled artisan wsfgragh®f frvigrion between igampanente mekeculesiaskhey
conposed of secretdiGEe by e tdfer 2l ONg Wi th various inorganic salts

desquamat ed C%kJS’ and By "exogenous DNase" is intended DNase which
is added by clinical means to a patient in need of such
DNase by virtue of respiratory distress caused by DNA .
polymers in the patient’s respiratory tract.
' By "endogenous DNase" is intended DNase which
-15 is found normally in the respiratory tract of a
patient, and particularly in the mucus of said
patient’s respiratory tract.
By the term "enhance DNA degradation®" for the
purposes of the present invention is intended adding
20 that amount of an actin-binding cbmpound which will
bind to actin present in pathological airway contents,
mucus, or purulent mucus, which actin, if not exposed
to said actin-binding compound, would bind to DNase
present in these fluids, inhibiting this DNase from
25 reducing the amount of DNA polymer to-allow decreased
viscosity, enhanced respiratory airflow, expectorabion,-.
and relief from other forms of respiratory distress
caused by the airway contents.
The term "actin-binding compound" is meant to
30 include any compound, and especially any protein (or-
peptide), which is capable of binding actin so as to
modify any of actin’s many functions, including

suppressing the ability of actin monomers to pélyﬁerize
into filaments, to fragment (disaggregate, '
35 depolymerize) pre-existing filaments, and ;6 bind to
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15 | eukocytes. Ewbthe.tern1"purulent mucus", for the purpose of 1 he ﬁresént
I nvention, the skilled artisan would understand nucus that is rendered
hi ghly.viscous, relatively solidified by DNA pol ynmers derived from 20 white
bl ood cel |l s and/ or desquamated and/ or broken endogenous airway cells. The
phrases "sol ubilizing (nmucoid) airway contents", "solubilizing nucus", or
"sol ubilizing purulent nucus" are intended to nean changing the 25
mechani cal “pfoperties of said contents, mucusy -Or purulent nucus so as to
render such contents nore like a liquid and less |ike a solid, nore
conpld-ant, and better able to flow in response to shear stress.
Di saggr egati on ofDNase/ ks s When raduinisteved oo 39 pasiesttin akeedest
conponents can alsQAtheRse m&té&@f’n%&i T HhESoE T dpRetLd, :
interstices of- the contents/mucus/ puru entlﬁgaﬁs gﬁ. jﬁg'ternsgnfgﬁgg$ﬁg
the ‘'vi scosity" or2?e SHRELAPLIRLIGNETLE Pk MatRtRd aPReaptraREersibeld to
mean changi ng t heagssdiate abiQd smlsp@dsmp':@.sndaéidﬁéﬁrIbediirmﬂhaéelkyl | od
above. The term - -« mviscosity! u be_understood, b he skille
artisan to de‘rilgot PrOKIRMOTIG %?o%@#%%y%&%i %%%?aneﬁ fﬂaYlF‘EXd PBnent on
the friction of ireswldhpvhentchemical esynthesty) sl i fechycompoandsher. A
highly viscous soipdigfle S Ml dr@onGhal A1 £La760 Oicfalbtiuien’ S6e0h
friction between conponent nol ecul es, ereas a_reduced viscosity would be
characterized by @Ig’é?‘%m#?nl‘?ﬂes‘ﬁ%ﬁr%% gelseiin| andpEBRecan@onmponent
mol ecul es as theyigttsifeluraehacti+binding proteins such as those most
10 abundant in cells (for example, myosins, tropomyosins,
profilin and cofilin) and those most abundant in non-
muscle cells. Actin-binding compounds within the scope-
of the methods of the invention also include but are
not limited to a) actin-binding compounds that
15 predominantly sequester actin monomers, that is, bind
monomers in a complex which is resistant to
- polymerization (for example, DBP, profilin, B,-thymosin

1, and cofilin); b) actin-binding compounds which
sequester monomers and possess filament severing

20 activity (for example, gelsolin, villin, fragmin and
severin; c) actin-binding compounds that predominantly
block the ends of actin filaments and prevent the
exchange of monomers with that end (for example,
tropomodulin, capZ, cap 100, ASP-56); and d) actin-

25 binding nonproteinaceous molecules that have such
effects on actin (for example, cytochalasin or
biologically-active derivatives thereof, that block the
ends of actin filaments and which are modified to
remain extracellular). The skilled artisan would

30 understand that useful compounds would remain
extracellular in order to prevent any toxicity by
interaction with functional intracellular actin.
Fragments of actin-binding proteins with retained actin
filaments severing and/or monomer-sequestering activity

35 ‘are also within the scope of the present invention.
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10 By "exogenous DNase" is intended,DNase which is added.by, :
clinical neans.to a patient in need of such DNase by virtue of respiratory
di stress caused by PNA polyners in the patient's respiratory tract. By °
"endogenous DNas&" is intended DNase which 15 is found normally in the
respiratory tract of a patient, and particularly in the nmucus of said
patient's respiratory tract. By the term "enhance DNA degradation" for the
pur poses of the present invention is intende?oagding 20 that anount of an
actin-bi nding conpound which will bind to actin present in pathol ogical

ai rway contents, mucus, or purulent nucus, which actin, if not exposed to

sai d actin- brndrng conpoundzfmagbqraandsh@hDN@@@oghgge '%ethese fluids,

i nhibi-ting this | the unt _of mer -to al | ow
decr eased vrscosFmgmlﬂﬁﬁgﬁEg F@sggFa% S%argtﬁseﬁ Qﬁr n, and
relief frontotheraboepsabﬂereabtrabothedaanmais caused by the airway
contents. The term "actin- bipfdi g 40 Qﬂﬁﬁl"'ﬁg”ﬁéQ%ﬁtQOSQddTHd%d%lﬁny

conpound, and especial |y any protein pept i i ch_i's capabl é of
bi ndi ng actin 8o & §1tnalﬁoer1ry arp Sregcachia ﬁ’&'n?%ﬁctfrweﬁtﬁcllﬂdrt#&

suppressing the abphtinh @oudd be deteimentiad R LHe phydidledy lcFRMeS, tO

f ragnment (drsaggre ate., 35_ depol yneriz exrstrng filanents, and to
bind to - 19% SAR8Y - FrRaRoRkyPOCEL AR GUTRLA are HRS
treatnment, the achpwemenrdr thec dmyemtdonofist moti n.\rmend@rd &ce beu et ant ially

free ?.f nngt ural coRmaTiRYN! e VBeSRAIERHIH T dnteab1GUIROHYE Rifdher in

10 present invention to treat any and all animals which

may experience the beneficial effect of the invention.
An "efficacious amount" of an actin-binding -

compound is one which is sufficient to reduce or

eliminate the toxic effects of actin in the respiratory

15 tract contents of an animal. With respect to the
present invention, it is the amount of compound
effective to solubilize or reduce the viscosity or
consistency of pathological airway contents, mucus, or
purulent mucus, inhibit actin-binding to DNase I in

20 these liquids or gels, enhance DNA degradation in these
liquids or gels, or reduce the consistency of these
liquids or gels so as to treat various forms of
respiratory distress. BAn efficacious amount of an
actin-binding compound is also that amount which may

25 reduce bacterial content, the incidence of clinical
infection, reduce the content of inflammatory
mediators, or the content of degradative and cytotoxic
enzymes in respiratory distress syndromes cau51ng or

. caused by these liquids or gels.

30 The amount of the actin-binding molecule to
be given, and the duration of therapy, may be
determined by monitoring the-frequenéy of exacerbation
of symptoms or the deterioration of symptoms, the
sputum volume and consistency, the pulmonary functions

35 "such as FEV, blood p0O,, pH, pCO,, total lung capacity,

-




5 prokaryotic or eukaryotic) host, or invitro (as a result of a chen1cm
synthesis). Such conpounds include, but are not lLimted to extracel | ul ar b
actin- binding proteins such as gelsolin and DBP, and intracellul ar '
actin-binding proteins such as those nost 10 abundant 'in cells (for
exanpl e, nyosins, troponyosins, profilin and cofilin) and those nost
abundant in rfon- nuscle cells. Actin-binding conpounds within the scope of
the methods of the invention also include but_are not linited to a)
actin-bi ndi ng conpounds that 15 predoni nantl yz:'sequester actin nononers,
that is, bind nononmers in a conplex which is resistant to polynerlzatlon

(for exanple, DBPre”sfgidév% cLﬁIrﬁé &}/ B8 dir &°fiﬁf&t1@%if%%%htetc.

acti n-bi ndi ng conpoun nonomers and pPossess [
severing-20 acti w'ﬂ;e (Sb‘klls@rﬁil@lfg?eﬁ%dmﬁﬂ-dvbﬂfﬂﬂl ag vkt nsoukiaei n;

c) actin-binding GIDGHE¥ENG Al EQees necs&lye@bﬂﬁxtébp erestménectin

filaments and prevent the exchange of: np gr exanpl e,

t roponodu 3 100%3%911 FSeotH2ed sat Fii

n{)ﬁg?g? ernggeogpmgﬂmmwaﬁe Mmmeg?éeccsdmxgatm t\h:zlé‘:pmaeﬂhees

cytochal asin or bi eald [ eset f ck the
QY1 de I NE CRL JALLY °Se ! BRASET inhlPhe Pl

ends of actin filanents an to remain extracellular).
The skilled artlsamfﬁ&mﬁ%VQKfQMd%¥%§§m%n§h%f B%E%ﬁptédﬂﬁﬁbnagaﬁﬁuld r BREi n

extracel | ul ar |r1cg£§m 10, Pi&y e tREN, tﬂxLC|t§tbyllBtgragﬁlqgeawthssoc,
functonal v ecel T ACLAy H o Saol Sl ) 20500, BAE! CLBE T,
are al so withinot pesippe" of Théedpsesdeliveredt ionvivo is related to the
effective amount determined in vitro. For example, if
sputum is successfully'solﬁbilized'in vitro by the -
amounts éxemplified herein (i.e., 2-10 pug/ml), a
thousand-fold increase over the in vitro dose would be
15 administered (i.e., 2-10 mg/ml). Of course, it would
be understood that the amounts and regimens for the
administration of actin-binding compounds can be
determined readily by those of ordinary skill in the
art of treating respiratory disorders. Generally, the
20 dosage of'actin~binding compound treatment will vary
depending upon considerations such as the type of the
actin-binding compound employed, the age of the
patient, the health of the patient, the severity of the
disease, the kind of concurrent treatment, the extent
25 of tissue damage, the gender of the patient, the
duration of the symptoms, counterindications (if anyJ,
and other variables understood as needing adjustment by
the individual physician. The correct effective dose
could routinely be determined by monitoring the airway
30 contents by aspiration or as sputum.

A material is said to be "substantially free
of natural contaminants if it has been substantially
purified from materials with which it is normally and
naturally found before such purification. Examples of

35 natural contaminants with which actin-binding compounds
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- 20- If desired, such conpounds ‘may be adnminisiered in the formof a
pharmaceutical Iy acceptable salt to the animal. The term "aninmat" is. meant
to include all 5 dnimals in which free actin or actin filaments in the
sputum woul d. be detrinental to the physiology of the animal. Forenpst anpbng
such ani mal s are humans; however, the invention is not intended to be so
limting, it being within the contenplation of the 10 present invention to
treat any and all aninmals which may expeﬂeyui%the beneficial effect of the
invention. An "efficacious amount” of an acti4f bi ndi ng conpound i s one
which is sufficient to reduce or elimnate the toxic effects of actin in

the respiratory 15n;.§1{@@5e mdﬂlta%éﬁ & ARl Cﬁ“t@lﬁ&f’% éoﬁgg’bé‘?u'ze or

pr esent i nvention, i he anou Of conmpoun ective

reduce t he VISCO&ti 1tre X%ﬁ?ﬁﬂcEﬁRﬁ& @F r WbipPEdait ent's, nucus
or purul ent nucus ,metrﬂir_atnés AEUdL- bizndiageFia DNas esd id Ned Obe t @SS A EHA LS, OF

el s, enhance DNA | ' |iquids p el s, or reduce the
gonsistency of these ?%ﬁﬁggﬂg%ﬁg fiﬁpﬁé?QEFt%éa. QEE | CRRtIBIRANLH _
respiratory di $trasymaddyefand aatousaldp found witlacthe - dhbsit ace ofmpovdwb i S
al so that amount Wy Cih NRYeRS af@%%&ﬂ ]F% gggéggtfr{)fpe |gg‘,hglfrc?e%e

clinical infection, reduce the contqpt of mrat or ors,~ o
content of degradaﬁlﬁ/é“%’d;t Mc%#ﬂ*ésﬁﬁ%@?ﬂ%@%#@%sthat

syndrones causi ng s:rc}ca:mﬁxhtﬁx}natdwen}e C&&ﬁtﬁeﬁrc@@éﬁztéﬂy al:lajsrsertnl: or d Jhe
?glrjgtpyc’f mtacebgcfjl er m ne}gcb@ncgﬁﬁtog'f f??d??e?fg%/?egjq?fgﬁncgp%? %ﬁ%r%??%%f
synptonms or tH& detldr idnes ingt dnterfareroyitiheche desired therapeutic
effect of the active agent (herein the actin-binding
compound) in the preparation when such preparation is *
administered to an animal and (2) does not harm the
animal as the result of the administration of such
15 preparation.

The term "administration" is meant to include
introduction of actin-binding compounds into the
respiratory tract of an animal by any appropriate means
known to the medical art, including, but not limited to

20 inhalation of an aerosolized compound, instillation by
bfonchoscopY» and intravenous infusion.

The actin-binding compounds of the present
invention may be co-administered with DNase or one
actin-binding compound ﬁay be co-administered with one

25 or more distinct actin-binding compounds. By the term .
"co-administer" is intended that each of at least Ew;-
compounds be administered during the time frame wherein
the respective periods of biological activity overlap.
Thus, the term includes sequential as well as |

30 coextensive administration of the compounds of the

'~ present invention with each other or with DNase I.

The term "pharmaceutically acceptable
vehicle” is intended to include solvents, carriers,
diluents, and the like, which are utilized as additives

35 to preparations of the-actin-binding compounds of the




sput um vol une and.cgngfstency, the pul monary functions 35 such as FEV, 7
blood [err], .pH - [e&rr] total |ung capacity, - 21 - residual volune tests
of air flow, infection rate, etc. The skilled clinician would be fam|liar
with routine nonifforing techniques for respiratory treatnment. The anount of
aerosolized actin-binding 5 protein nmay be determ ned according to those-
procedures used to determ ne the doses of DNase inhalation effective-for
treatnent of. patients with DNase |I. For exanghe. see Aitken, ML., et al.

J. Am Med. Assoc. 267:1947-1951 (1992), particularly page 1948, "Study 10

ol

Desi gih." The dose delivered in vivo is related to the effective anount
determined in vitinveheioaxasmphe, tid prpwide as catedessiod ladjasiaHy lfsged in

vitro by the anou i £ herein (i.e . 2-10Jerr]/nl), . a
t housand-fol d inc?é%sgégggﬁs%kggﬁ%%b%F?g$ﬁgﬁéxﬁgﬁ*ﬁl € 15 admi ni stered
(i.e., 2-10 my/m). O cour The termpoitaessmentdr oo dEreattingte imount s and

regi mens for the agdpknigsl &b 9RALGRE iha famfim%:&%&w%ﬁs Gt binding

determ ned readily by thgse of or |na2%bskil In the art, of treating
respiratory di Sor geFPoundseta Py PatFenEy faxs Ry noses whiah mavhdndmsiauind
treatment will vapyophpdasisg wpelioratiider,apreventich ar tdirdype of the
acti n-bi ndi ng conpound enpl d e aqe of the.patient, .the healih of the
patient, the severity of thg%%iggégé,%%ﬁ rd o She ] ety t he
extent 25 of tisspergiengef ehacjemde sthiche provisies a meghendt iadh af t he

synptoms, count er hpdi6abidEEny feciiPOund Whi¥H s wﬂﬂ&w%& d as
needing ad| us&ge ngc?:){nt rr}t%dort}tdelrvsl %%%{/o%h%%v%r%.r}ig -I:_Er}'.%.a%l(gr{tesc-t teiIe etCetJ.lm eisdose
: ;
meant to include actin-binding fragments which are made
from any source, such as, for example, from naturally- -
occurring peptide sequences, synthetic or chgmically-
synthesized peptide sequences, and genetically

15 engineered peptide sequences. Further, if such
fragment is a peptide, a fragment of a peptide of such
actin-binding protein is meant to include to any

"variant of the actin-binding protein.
A "functional derivative" of an actin-binding

20 compound is a derivative which possesses a biological
activity that is substantially similar to the
biological activity of the actin-binding compound. By
"substantially similar" is meant activity which is
quantitatively different but qualitatively the same.

25 For example, a functional derivative of an actin- )
binding protein of the invention would contain the ‘same
amino acid backbone as an actin-binding protein but
also contains other modifications such as post-
translational modifications such as, for example, bound

30 phospholipids, or covalently linked carbohydrate,
depending on the necessity of such modifications for
the performance of the diagnostic assay or therapeutic
treatment. As used herein, the term is also meant to
include a chemical derivative of an actin-binding

35 compound. Such derivatives may improve the compound’s
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could routinely be det er mi ned by nmonitoring-the;airway 30 contents by
aspiration or as sputum A material is said to be "substantially free of
natural contaminants if it has been substantially purified frommterials
with which it i's normally and naturally found before such purification.
Exanpl es of 35 natural contam nants with which actin-binding conpounds -
22 - mght be associated are: non-actin- bi ndi ng peptides, carbohydrates,

gl ycosyl ated peptides, l|ipids, nenbranes, etc. A material is said to be
substantially free of natural contam nants 5 R4 hose contani nants 5 normal |y
and naturally found with the substance in yivo or in vitro are

substantially abs @?H!S 9{ e ter| " ntially
absent” is mgant t at s(uircgrﬁfdon Jt‘grp'arﬂ@e&acel al %ﬁéﬁg’réf*a & dP%re
present at such Iéiﬁ*éﬁr?@éﬁqsaﬂvdﬁsa#mtdqqmab%rté@rrmc—mt(yl)Oﬂm not
interfere with thegleshiied H&eramwﬁét@féﬁ@tn@nditee% S Ner ei n

the actin-binding ¢ e ar.atj on when suc reparation is
admini stered to aﬁlg%pr?gkd%ﬂ:d éZ)t ul}%{r {%Fre d?ﬁ??ﬁ?a%ﬂs‘@%é‘%sult of
the admi ni strats omspelcifiically,praipmmical moiktedercapaiie o thiediatling S
nmeant to include i O%ﬁé% ‘Qbré"céiébﬁ NG, GOIRS ;gnto t he

respiratory tract. an ani ropriate e nown to the
medi cal art, incl &iﬁ#g’amtwl IS%QQ@BQ o(mq)nhaIRuQQﬂdure%rfmerosol i zed

conpound, i nstill Hdupl ity i hesieides aryl d nﬁa@@fwsaf&fw%t Pliendif in
actin- bi nding cong&ynd Of HHF Rﬁgﬁﬁ”ﬁfdﬁ2§¥gﬁa'1J“¥&v§%f¥gn {Erléﬁéﬁééd
wi th DNase or one
10 to include chemical derivatives, variants, analogs, or
pharmaceutically acceptable salts of an actin- blndlng
compound. ’ : -
A "variant" is meant to refer to a compound
substantially similar in structure and biological
15 activity to either the native compound, or to a
fragment thereof.

: An "analog" of an actin-binding compound of
the invention is meant to refer to a compounds substan-
tially similar in funotion to either the native actin-

20 Dbinding compound or to a fragment thereof. For
example, an analog of an actin-binding protein is a
protein which does not have the same amino acid
sequence as an actin-binding protein but which is
sufficiently homologous to an actin-binding protein so
25 as to retain the biological activity of such actin-
binding protein. o
The term "pharmaceutically acceptable salt"
is intended to include salts of the actin-binding
compounds of the invention. Such salts can be formed
30 from pharmaceutically acceptable acids or bases, such
~as, for example, acids such as sulfuric, hydrochloric,
nitric, phosphoric, etc., or bases such as alkali or
alkaline earth metal hydroxides, ammonium hydroxides,
alkyl ammonium hydroxides, etc.
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actin-bi ndi ng conpound may be co-adm nistered with one 25 or nore distinct
actin-bi ndi ng conpounds. By the term"co-adm nister"” is intended that each
of at.least two conpounds be adm nistered during the tinme frane wherein the-
respective periods of biological activity overlap. Thus, the termi ncludes
sequential as well as 30 coextensive adm nistration of the’ conpounds of the
present I nvention with each other or with DNase |. The.term

"pharmaceutical |y acceptable vehicle" is intgfded to include solvents,
carriers, diluents, and the like, which are utilized as additives 35 to
preparatLons of the acti n-bi ndi ng conpounds of the -23 - invention so as
to provide a carrier or adjTwenibiologﬁeahdatnxsitgvioﬁ thesd6p6aHAS USES.

The term treatmany phuoli6ahiNG"chssLLeRdey ool BELUABCLEE ans moqiey.

adm ni stration of actln oun 0" a patient Tor purpos
may i ncl ude pr ophiyt adareo @n@¢r@rﬁhl@h lﬁré@éﬁtt@ﬁlert@uae amhmalethan

"fragnment™ is m%mé@:.fﬂé& ugler £RY pQﬁ&h%o&ifﬁc&EhSﬁUhSy""BéCEh@r9¥éﬂf§ |
segnent of an act%£ the conpoun 0 actln
e

mononer s and/ ot }3@€H%n? tPﬁecP@PﬂPPésnﬁﬁﬁisFo°FnEng esul
acti n-bi ndi ng fragnenémlmhlcbraenzynAE1érneaenyonowh&eh sashlas,fiom
exanpl e, fron1nat % @gcurring pepti de sequences, synthetic or
chem’cal | y- synthe5|ze peptT de sequences, and genetically 15 engi neered
peptide sequences. Further,The Barhierdgreactin-hipdngdmolgcniegnthatof a

peptide of such a&fé”tﬁé“ﬂhﬂﬂe@tobﬁlﬂhéSmEEﬁBHstéflEﬁeuﬂﬁvbﬁtiaﬁ ¥gei ant of
the actin- b'”fb”gp€£££1e3 native and recombinant actin-binding proteins,
and other non-proteinaceous actin-binding molecules,
and biologically-active fragments thereof, which are -
characterized by the presence of unique actin-binding
domains which possess the biological activity of being
15 able to sequester actin in a monomeric form or rapidly
to desegregate or depolymerize actin filaments or to
cover sites on free actin that are toxic to host cells.
Individual actin-binding domains possessing this
biological activity may also be produced by synthetic,
20 enzymatic, proteolytic, chemical or recombinant DNA
methods. _
In a preferred embodiment, gelsolin or actin-
binding fragments thereof, or DBP, a combination of
- gelsolin or actin-binding fragments thereof and DBP,
25 are provided to a patient in need of treatment. Other
preferred actin-binding compounds for use in this - ~
invention include B, thymosin and ASP-56. 1In a

particularly preferred embodiment, gelsolin or actin-
binding fragments thereof, or, a combination of

30 gelsolin or actin-binding fragments thereof and vitamin
D binding protein are co-administered with DNase I to a
patient in need of treatment.

Preparations of the actin-binding proteins of
the invention for parenteral administration include
35 sterile aqueous or non-aqueous solvents, suspensions




A "functional -derivative" -of an actin-binding 20 conmpound is a derivative

whi ch possesses a biological activity that is substantiallysiflar tOwﬁhefi“T”

bi ol ogi cal activity of the actin-binding conpouhd. -By "substantlally
simlar” is neant activity which is quantitatively different hut
qualitatively the same. 25 For exanple, a functional derivative of an
actin- binding protein of the invention would contain the-same amno acid
backbone as an actin-binding protein but also contains other nodifications
such as post- translational nodifications such as, for-exanple, bound 30
phosphol i pids, or covalently |inked carbohy %te, dependi ng on the
necessity of such nodifications for the performance of the diagnostic assay

: ' e r QL S ant _to include
a cher cal der i vatiye ol an Betl p b ol o 35 n%%ag%ﬁa.% SolReats: Sxrives
may inprove the HPIRRS glycoby polyethyieng, g ¥Sek pt veaetbbdkogiital
hal f life, etc_'mﬁshkniyarau&siﬂ?zcaﬁspﬁﬁgﬁg??gglgagggﬁxl?%g%?QEFtPﬁe
ol ccul o, etc.. DTirietE BACHE Gab¥, RESr hehnol Snireires. capabi o of
medi ati ng suctP effreksions of s%mmwsimﬁeninengluding%lalmeag?ca{\xgﬁgfﬁﬁg&;
i the art. The tamE et |l ey PireFor epl MR A6 n b1  ne
cheni cal deri vétﬁfgs“, 1R drtagenig dextrese phalwaient i dextyosecppuabl e
salts of an acti redsiiuii nhbonpdeinsolét ion] | Riiget 55 BTGt {6n ' EbREa1R:AY
compound lactose, or fixed oils. Intravenous vehicles include
10 fluid and nutrient replenishers, electrolyte
replenishers, such as those based upon Ringer‘s
dextrose and the like. .
The actin—bihding proteins of the invention .
may also be administered by means of pumps, or in
15 sustained-release form, especiall&, when the primary
injury is prolonged or delayed rathef an acute.
Administration in a sustained-release form is
more convenient for the patient when repeated
-injections for prolonged periods of time are indicated.
20 For example, it is desirable to administer the actin-
binding proteins of the invention in a sustained-
release form when the methods of the invention are
being used to treat a genétic or chronic disease based
upon an actin-related disorder so as to maximize the
25 comfort of the patient.
The actin-binding proteins of the invention -
can be employed in dosage forms such as tablets,
capsules, poﬁder packets, or liquid solutions for oral
administration if- the biological activity of the
30 protein is not destroyed by the digestive process and
if the characteristics of the compound allow it to be
absorbed across the intestinal tissue.
 The pharmaceutical compositions of the
pPresent invention are manufactured by means known to
35 those of skill in the art, for example, by means of

3

" . ':..-:-_-;-'-,‘,. . L ey,
0 uotehdipalfand®e . - L L B -



¥ o
3 d

~

substantiallyssimlar in structure and biol ogical 15 activity to either the
native cohgg&hd, or te a fragnent thereof. An "anal og" of an actin-binding
conpound .6f the invéntion is meant to refér to a conpounds substan- tially
simlar*in functionto either the native actin- 20 binding conpound or to
a fragment thereofs. For exanple, an analog of an actin-binding proteinis
a protein which does not have the sanme am no acid sequence as an

actin-bi nding protein but which is sufficigwg y_honol ogous to an
actin-binding protein so 25 as to retain the biological activity of such
actiln- bi nding protein. The term "pharnmaceutically acceptable salt” is

i ntended to incl ugeneeht SoRdl thexdtg| NgbhRCl 86iB8gPAYAEEeOhakifigl NVent i on.

$uch,sal £s can be forned. 30 fyomphatnmaceutically,acceptabl e acidg, or
base's, such as, f%?s%ggﬁﬁ?%t %%?ﬁglgbﬁﬁnﬁs°§uFfﬂ¥%§F R BFSEﬁFBricihﬁitric,
phosphoric, etc., conpbastiossichf ashel paesent ahikehtihengainhandt of

hydroxi des, anmmon ygndy id -Egng [ h j.de . - 25
- The "bioIogicaréactlv??€§'0f§?%g#§%%%o n g gghtégﬁgﬁegn foﬁagéntheir
ability to bind atRfwced Physiedcgicaht damages nPehithchyonissoroarytes an
ani mal than unnodrhé eSompbs it idns hofiothéi eaveAniBRY dReetbBe thesBblybsOobwhhe

eacti on whi on 1 CORTLASEPRR, S08 ORRRAPAG YL theoBEP BRCAFRLBALP FBB ndi ng
nmol ecul es t hat bloodstream or extracellular tissues to its maximum -
potential. In intravenous dosage form, the
10 compositions of the present invention have a
sufficiently rapid onset of action to be useful in the
acute management of potential tissue damage.

Actin-binding proteins which are
substantially free of natural contaminants can be

15 isolated and purified from their natural or recombinant
sources in accordance with conventional conditions and
techniques in the art previously used to isolate such
proteins, such as extraction, precipitation,
chromatography, affiﬁity chromatography,

20 electrophoresis, or the like. '

One of skill in the art can identify the
actin-binding domain(s) of an actin-binding compound
using techniques known in the art, without undue
experimentation, and such domains are preferred in the

25 methods of the invention. For ekample, derivatives of
the native actin-binding proteins, or, derivatives of
recombinantly produced actin-binding proteins, can be
made by proteolytic cleavage of the full-length'actin—
binding protein with common proteases, such as, for:

30 example, trypsin, chymotrypsin, and subtilisin.
Affinity chromatography with actin-derivatized resins
may be used to assay such fragments for'their actin-

~binding ability. . )

When identification of compounds or fragments

35 'thereof which possess actin-severing activity is




are thesubject of the methods of the inventionsare 10 purified native and

reconbi naht acti n-bi.nding proteins, and other non-protei naceous

actin-bi ndi ng nol ecul es, and bi ol ogi cal | y- active fragnents thereof, which
are characterized by the presence of uni que actin-bi ndi ng donmai ns mhlch
possess the brological activity of being 15 able to sequester actin in a
mononeric formor rapidly to desegregate or depol ynerize actin filaments or
to cover sites on free actin that are toxic t% host cells. Individua

acti n-bi ndi ng domai ns posséssing this biol ogi %- activity may al so be
produced by synthetic, 20 enzymatic, proteolytic, chem cal or reconbinant

DNA rmet hods. In a qugfedd £0s el n o) t

fragnents thereof, <§ coﬁﬁ?natldﬁggéf gfg%f%%@%rbggt?% g glng

fragments thereof %éﬁp?iéie S8R ?R?%ﬂﬁﬁ?ok%P%%t%%n?h?naﬁeedfgr

treatment. O her gxaiple £dbycfolduirind nghe orpeeinds d@polRetrDzaPisn of

I nvention include éﬂ tf%ggf%% gg -56. In a particularly preferred
actrn-"Dbin

enbaodi ment , gelsoll fagnents thereof, or, a conbination
of 30 gelsolir® or act| n- bi rﬂﬂ‘@ﬁ‘—tagﬂ@sfrwnmtsamalyvbeanden&.medlhg

protein’are co- adrine & HidhbYbdy EDESEndr ndu &€ - bﬂnafﬁg 8t aeeapent

Preparations of the act proteips of the Invention era

] n-Dbi aren
admi ni stration i n(ffEFRg éﬁ@ﬁ+ﬁ%&¥%ﬁ£ﬁ&% F TRY- %ﬁu@ﬁﬁglgﬁF@eﬁgé
suspensi ons - 2BanctEivh enid li Hokl owbdonb g | nnﬂraqwsﬁpxesoiueﬂgs are

P:]JOEZ![ :Bfegg;lglnl Cﬁ%ﬁ%ﬂéﬁ@e@éi’fﬂ' gé’fggiﬂglgn&” ill[irszt] Ve espgclally
amino acid res1dues 40-351 in severin and amino. acid
residues 63- -383 in gelsolin, show extensive homology in
the domain responsible for F-actin severing activity. -

The N-terminal half of gelsolin, for example,

an N-terminal tryptic fragment known as CT45, is

15 capable of severing F-actin and contains two actin
binding sites. Efficacious amounts of CT45 which are
substantially free of natural contaminants can be
administered to a patient. One of these sites resides
in a.chymotryptic fragment, CT15N (human gelsolin

20 residues 24-150), which binds the ends of actin
monomers and filaments with high affinity; the other
site is contained in the adjacent fragment CT28N
(residues 151-406), which binds to the side of F-actin
in a polyphosphoinositide-regulated manner. Neither of

25 the fragments sever actin filaments by themselves. The
smallest gelsolin polypeptide which is capable of o

severlng F-actin encompasses re51dues 25-165 of plasma
gelsolin.

Further, compounds such as actin-binding
30 proteins are highly conserved among species and can be
easily isolated in large quantities from nonhuman
(bovine, porcine) plasma and/or muscle tissues and
fragments of these proteins can be chemicallyhér
enzymatically prepared by techniques well-known in the
35 "art. Thus such actin-binding compounds can be

s



carriers include water, water-al cohol solutions, 5 enulsions -or :
suspensi ohs, including saline and buffered nedical parenteral vehicles

i ncl udi ng sodi um chl oride solution, Ringer's dextrose solution, dextrose

pl us sodi um chl-oride solution, Ringer's solution containing |actose, or
fixed oils. Intravenous vehicles include 10 flui-d and nutrient

repl eni shers, electrolyte replenishers, such as those based upon R nger's
dextrose and the like. The actin-binding proteins of the invention may al so
be adnini stered by means of punps, or in 15 38%stained-rel ease form
especially, when the primary injury is prolonged or del ayed rather an

acute. Adm nistragj | stai ned-rel ease form,s e nveni ent, for
the patient when %%%ggégggfﬁﬁeégi%ngaggFggrﬁpoﬁﬁgg SgggéﬁsggFr?Pﬁﬁt&Fé

i ndi cated. 20 Formetkhe@seofi thesinwentibnewithauti provekinge aasevierebi ndi ng
proteins of the ifwgBhéOPebPoRisdUst ai ned- rel ease formwhen the nmethods of
the invention are being used:to treat a genetic or chronic disease based
upon an actin-rel ated di sorBdt ¥8fg¥epsegacirpdeinnEhis appldcatdon pae

gat i 'ent].c The ast |h :i]nbd:ﬁﬂblﬂetédohei:&inobyt heféﬂuﬁaéi.gnm&anbelnw!g@yﬁid lail'ly
osage forns suc t c powder et.s, or _liqui ol utions
for oral adm ni st?%??%ﬁgiaﬁ-?ﬁg ggﬁ’%&?‘?&r gg‘?i &gra‘;%’%“Ph&x?B‘Pgnﬁ& &s% §Thot
destroyed by the degexibeetpeowmaterindsi andhmethaedsacueedstinccanryting out
compound all ow i tthe bavaREebRed 2HeORXahbTebNbEs! HAR! shkiniR ?&eug.igy

phar maceut i cal coggosLtions_of resent 1 nvention are nanufacture

means known to 35tRRoiBVERtiRP AN ANYLBARREY.f or exanpl e, by means of

10 Example 1
_Specimens of expectorated sputum from B
patients with cystic fibrosis, some of whom had
received aerosolized DNase I, were thawed and separated
into sections. The procedure described by Shak et al.
15 (Proc. Natl. Acad. Sci. USA 87:9188-9192 (1990)) for
" determining the effect of DNése I on sputum consistency
was followed, except that instead of adding DNase I,
purified plasma gelsolin was added. This protein non-
covalently severs actin polymers. A recombinant '
20 gelsolin fragment produced in E. coli and encompassing
amino acid residues 1-260 of gelsolin ("gelsolin 260"),
capable also of fragmenting actin filaments, was also
used. These proteins, which have no known effects on
DNA, essentially gave the same results described by

-

25 Shak et al., (Proc. Natl. Acad. Sci. USA 87:9188-9192
(1990)) in the pourability test for cystic fibrosis
sputum. The gelsolin fragment was more effective than

gelsolin, although it was added at a three-fold higher
concentration (Table 1).




-27- conventional mxing, granulating, dragee-nmaking, dissolving,
l'yophi lizing or simlar processes. The conpositions of the-present .
invention, in and of themselves, find utility in the control of actin- 5

i nduced physi ol ogi cal damage, be it chronic or acute. The conpositions of
the invention direct the body's own nmechanisns for dealing with excess
actin in the bl oodstreamor extracellular tissues to its maxi mum potenti al.
In intravenous dosage form the 10 conp05|t|ons of the present invention
have a sufficiently rapid onset of action~t®8%be useful in the acute
managenent of potential tissue danage. Actin-binding proteins which are
substdantially free of natural contamnants can be 15 isolated and purified
fromtheir naturlal or reconbi nant sourcesTdbik 1accordance wi th conventi gna
conditions and tjechniques in the art previously used to iso|late such
proteins, such gsSpevmsampics ofrbouo 1 ¥ongyveradivided by edting with » peat blage and pladeghint y
chroomat ogr aphy, |2est mbesee d‘i“é‘!ﬁ"‘&w" “‘l"ﬁé;“-‘!"l'!!e"d% %W‘?WT‘IW?FWE’H% 3

can identify the %YC?P’rf”b si ng
Caohni ques. knbu] FEELBA SRS m &“‘(‘[‘%“? W@% ?,fqﬁ
domai ns are pref oy L e gﬁgpln
derivatives of tfhg a@u qﬁb elﬁ% or erlvatlves
reconbi nantly pr.;.*~~ - e e erehe—ioy —. ic
cl eavage of the m s,
such as, for 30 ; | |n|ty
chr omat ogr aph . - : say_éuch
fragments for theib.saM elolin 0 2+ 3+ 4+

+5 mM gelsolin fragment 0 3+ 4+ 4+

The experiments were repeated with additional
samples of sputum, and gave identical results. Boiled
15. gelsolin fragment was inactive.

Example 2

Sputum samples were studied with a more

formal rheological assay involving a torsion pendulum.
As shown in Figure 1A, cystic fibrosis sputum was very

20 rigid and elastic, as indicated by the high frequency
oscillations induced by a transient stress, from which
an elastic modulus (G’) of could be calculated.
Addition of gelsolin (1B) and.gelsolin fragment (1C)
reduced the frequency of the oscillations, lowering the

25 moduli 3- and 10-fold respectively. Again, the Co
fragment, present in higher concentration, was more
effective than gelsolin. The strain response (known as
"creep") of sputum to a steady stress showed the
inherent stiffness or poor compliance of cystic

30 fibrosis sputum, whereas gelsolin and gelsolin
fragment, again in a dose-response manner, increased
the creep compliance. All samples, however, recovered
their original positions following the removal of the
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bi ndi ng ab;,{lty Wien |dent|f|cat|on “of corrpounds or fragments 35 thereof
whi ch possess actin-severing activity is 28 - desired, such compounds
or fragnehts can al so be identified using technl gues known in the art, for
exanpl e, by following the rate of depol ynerization of pyrene-|abel ed

F-actin. 5 Further, such fragnents nay be identified by their
honol ogy to ot her known actin-binding or actin- severing domains wherein it
may be predicfed that function will foll ow 1 ogy. For -exanple, it is
known that severin, gelsolin and villin, and €specially 10 anino acid

resi dues 40-351 in severin and anino acid resi dues 63- 383 in gelsolin, show

ext ensi ve honol oGt tdld h&r@i@d&ﬁ@%@l@&ﬁei&ﬁt I\Eéﬁ?‘h | §6§Q§bf§tlvl ty.
m na

The ‘N-t-erm nal hal f - of ﬂfelsolln @TB ,
fragment known as™¥RS %ve??‘ﬁ@lm‘ac%’l‘nt%dg%bﬂt ai ns two

actin binding sites. Efficacious armunts of CT45 which are substantially
free of natural 'Qa_.’nts can be adm nistered to a patient. One of these
sites resides in%‘mﬁyptic fragnment, CT15N (human gel solin 20

resi dues 24-150), which bi rlﬁ?o&é}l?n?é‘dﬁhé’iléf&iﬂ r@gggﬁrgl % filaments with

hi gh affi n|ty, t he ot her, site | s contalped_in J acen ragnent CT28N
(residues 151- 4063° WEF RFdR 1 f3haadded 'é‘P ‘F¥%'é%‘F nfipresis sputum

pol yphosphoi nosi tdgkee imegis aklerchravees . tl&@n‘xtdiﬂséeﬁe@5lnt@l€ef pRaSENt S sever
actin filanments bcy t.hensel ve The smallest.gelsolin pol¥ eptlde which is
5

capabl e of severing PrEag! ﬁf“gn%]blﬁ%ﬁ%%‘é%n?%s'f‘ Sras kol o SamRles

contained cellular debris, the presumed source of DNA
and actin, and were brightly fluorescent. Untreated
10 and gelsolin-fragmentQtreated sputum plugs were diluted
' in 2.5 ml of 0.15 M NaCl solution and centfifuged. The*
absorbance at 280 nm was determined as an indication of
how much protein was released from the sputum gels.
The results are shown in Table 2 and show that gelsolin
15 and the 260 kDa fragment released protein from the
sputum plugs.

Table 2
Sample OD @ 1 = 280 nm (OD)
Sputum alone 0.015
20 Sputum + 1.5 mM gelsolin 0.249
Sputum + 2.1 mM 260 fragment 0.247

Analysis of protein released from cystic
fibrosis sputum gels incubated with gelsolin. Samples
of 50 pl from the supernatant solutions on which the

25 optical densities had been determlned were added to an
equal volume of sodium dodecyl sulfate- and
B-mercaptoethanol-containing buffer solution, and
polypeptides in this mixture were resolved by
polyacrylamide gel electrophoresis. The gel was

30 stained with Coomassie blue. The gel showed that the ‘
gelsolin- and gelsolin fragment-containing solutions

contained many different proteins and large amounts of
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gel solin. Further, conpounds such as actin-binding 30 proteins are highly
conserved anpbng species and can be easily isolated in |arge quantities from
nonhuman (bovi ne, porcine) plasma and/or muscle tissues and fragnents of
these proteins can be chenically or enzymatically prepared by techniques
mell-knomn inthe 35 art. Thus such actin-bindi ng conpounds can be - 29
“administered to a patient in need of the therapeuti-c nmethods of the

invention wi't hout provoking a severe i munax esponse. All references cited
in this application are 5 incorporated herein by reference. Having now _
general |y described the invention, the follow ng exanples further describe
the materi'al s ammnnaﬂmmm;aknai|nnaiudgngmpnnnc¢+mugranang(nntHTzcmmmnples

are not intendeq,dd lddlid pdieIMBNtIOGHD AWndBADLthad F@M R 1
Speci nens of expectorated sputum from patients mnt "cystic fibrosis, sone

of whom had r ec SQREF e DRATATENase |, were thawed and separated into
sections. The procedure deasti-astiry a&hﬁi@@&y&immﬁobi&@tu&?td;f Acad.

Pt um consi 3t orfP R T SRRy A SR P bt gt DREQEET
purifi edI pl asma s;mtsm |ﬁrqm3'-vazidi;cﬁf?ﬂ‘ﬁm: [pat gt sorere cwuspendsgd s."eweTls .
enconphss, ng. ani L WABR R LD HE D Rods 5 2%*?]1"‘??’( LT o thgaen ! an

capabl e al so of Ffl‘? é’gr?enﬁ”rib hamegenizedent20 Hlaoh| &he material was
added to an equal volume of SDS gel buffer and resolved

10 by electrophoresis on a polyacrylamide gel. The gel
polypeptides were transferred to nitrocellulose and the
actin band identified with an anti-actin antibody. .
Bands were seen in the lanes containing the sputum.

This result confirms that actin is present in cystic

15 fibrosis sputum.

Ex e 4
Solubilization of Purulent Sputum by Actin-
Binding Proteins. Samples of fresh sputum from CF
patients were obtained and tested within a few hours of
20 collection. In this test, commercial bovine DNase I
was compared directly with purified plasma gelsolin in
the pourability assay (Table 3):

Table 3
Gelsolin r DNase I .

Concentration, pg/ml
Time of incubation 2 5 10 2 5 10
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used. These proteins, which have no known effeacts on DNA, essentially gave
the sane-results described by 25 Shak et al., (Proc. Natl. Acad. Sci. USA
87:9188-9192 (1990)) in the pourability test for eystic fibrosis sputum
The gel solin fragnent was nore effective than gelsolin, although it was
added at a three-fold higher concentration (Table 1). - 30 - Table 1
Sputunlsanples of about 150 ng were divided by cutting with a razor bl ade
and placed in test tubes containing die i ndi*dated additives in 50 niL

vol unmes. Sanples were incubated at [err] in test tubes which were inverted
at the’tinme intervals sho t extent of
novenment noted of sputumf nOQ:V?A nq-’g‘éaq@]'ee ’%}vﬂ% C¥f'e't%ﬁ&‘c{:ube D = no
movenent; Tr =< BAYPE0 tahi!éi $hatupfingsdsalom 18k QﬂQie agfladiein eert ed tube;
1 + = 10-20% of t:@el«srawvtarm@\eeﬁae %"fi' A0-R0%:0f5 the sputdyn fovedyy &, = 0

>50% of the sputum noved; 4+ = all_of the sputum npved. Additive

mn 15 mn 30&% FaPish C’rﬁ"r’?‘l(ﬁ" RGP Nefpjconsistent withp CTr

Tr Tr +055 eMlodeldiahietric actidh expectd for YJelsolir+ wilerdds
gelsolin fragrren 4+ rd Lrgn% Wﬁée r epeat ed
wi t h additional é-'arrplges cﬁrs%ﬁlu et}mfogrn Naasveeuli ntcTeca results oi | ed 15.

gel sol i n fragnendened ymexizardorekahs ﬂ%t@ﬁnmw vieatthex tehand wit h

a nore formal rheglemtlat3Tiios M M b RmidrF S| O ASAMHLNE LSe f0Vhin
Figure 1A, cystic fibrosis sputumwas very 20 rigid and elastic, as

i ndi cat ed by theqlﬁp‘gh frequency oscillations induced by a transient stress,
fromwhich an elastic nodulus (G ) of could be cal culated. Addition of

gel solin (1B)10and gel solin éffe@@%f (&Qsolin and DNase I Concentration .
on the Viscosity of CF Sputum. To compare the effect
of concentration of gelsolin and DNase I on the
viscosity of CF sputum, we measured the change in
viscosity of sputum samples after the addition of

15 wvarying concentrations of those compounds.

Sputum samples were collected from CF
patients by expectoration and were either tested
immediately or frozen in liquid nitrogen and stored
at -20°C. The stored samples had rheclogical

20 properties indistinguishable from those of fresh
specimens. _ .

Viscosity was measured in a torsion pendulum
and values were computed from the rate of creep of the
sample at a stress of 125 mPa, as described in P.A.

25 Janmey, J. Biochem. Biophys. Methods, 22:41 (1991). -
Uniform plugs of .25 ml were cut from coherent masses
of the sputum samples and the plugs were layered onto
round cover-slips. Ten microliters of Buffer A without
additives or Buffer A with 50, 75 150, 250 or 500nM

30 purified, human gelsolin'or with 100, 250, 500, 600 or

750 nM, bovine pancreatic DNase I (Worthington
Biochemical, Freehold, New Jersey) were added to the
sputum samples. After a 60-minute incubation, the
viscosity of the sputum sample from each patient was




reduced the frequency of the oscillations, |oweri ng the 25 nodul i 3-— and

10-fol d respecti Vel y. Again, the fragnent, present in higher concent ration,
was nere effective than gel solin. The strain response (known as "creep") of
sputumto a steady stress showed the inherent stiffness or poor conpliance
of cystic 30 fibrosis sputum whereas gelsolin and gelsolin fragment,

again in a dose-response nanner, increased the creep conpliance. All

sanpl es, however, recovered their ori gi nal- pasi-ti ons foll ow ng the renoval
of the - 31 - stress, indicating that coherent polyners, possibly
nucopol ysaccharides and DNA, remained in the gels. Exanple 3 Rhodami ne

phal | oi'di n, whi cReBsHEed: a5 dupllyieatiec afcteach wencentartiorcyadt i ¢ fi brosi s
sput um speci nensa\dallgla_v\ge,re t hen observed in the phase contrast and

f1 uorescence m croscopes. es ont.ai ned cel |l ul -y debris, the .
presuned source of DNA and ctsi%r‘? S @Rd 1o FeEsc S 999 /alda ed
10 and gel sol i nchuagdeat m:m:lemdasa plmg&smrsa.uy lewterd dth thed ml  of

0.15 M NaQl sgl uply s%“@:o?x@étr{t'zfa%%% e grhan b%tase 4 HHE

determ ned as an 1n |cat I on how ntich “prot el n vvas' rele
sputum gel s. Theef&egkt 9na|téxeswémq&4tvamfe they U ath songsutations and
the 260 kDa frageEnup’ eeademmrotein fromthe sputum plugs. Table 2 Sanple

D @ = 280nn(CD) Sputum al one 0.015 20 Sput um +
1.5 nmM gel solin 0249
| Table 4
Additive Concentration % Initial Viscbsity .
o - (M) Gelsolin DNase I '
50 6 R
75 30 —_
100 ' - 100
150 ' 28 -_—
15 25 28 102
500 30 105
600 . - 62
750 . - 30
Example 5 —
20 Synergy Between DNase I and Gelsolin --

Concentration-dependent release of proteins. A protein
release experiment was done that showed concentration-

. depeqdeﬂt dissolution of sputum Samples.from three

”cystic fibrosis patients. Sputum samples of about .

25 equivalent volume were suspended in 0.5 ml of a 0.15 M
NaCl solution containing purified plasma gelsolin
concentrations of approximately 2.0 pg/ml, 4 pg/ml, 7
ug/ml, and 21 ug/ml. After incubation at 37°C for 30




Sputum + 2.1 mM 260 fragnent 0.247 Anal ysis of protei'n rel eased from
cystic fibrosis sputumgels incubated with gelsolin. Sanples of 50 [err]l
fromthe supernatant solutions on which the 25 optical densities had been
determ ned were added to an equal volunme of sodi um dodecyl sul fate- and

[ err]-mercaptoet hanol - contai ning buffer solution, and pol ypeptides in this
m xture were resol ved by pol yacryl am de gel el ectrophoresis. The gel was 30
stained with Coonmassie blue. The gel showegsthat the gelsolin- and

gel solin fragnent-containing solutions contalined many different proteins
and | arge anounts of - 32 - three proteins, including one co-mgrating
with actin used mnutem) améaéamplﬁltwéiénd&idnfﬁgéd%ﬁ& the S?ﬂi&&i

super nat ant . Ant% ac.tt_ln Qp b#)%%)nnug b%ot Stu&{? cystjc Tibrosis
sputum Dupl i cateEHr Ly S5i % T UTPT W\Btcﬁ‘? Lr RS pMeFent s
wer e suspended idetsrneiied. vod)xurae ﬁél&ti&e%éaﬂéuntﬁélﬂ{,d FRadd ng¥d Wdrss HCL,
pH 7.0, and hom ea%iﬁg # rrk$£of tgg mat-er | i was_ added t? an equal
vol ume of .SDS gé ?wéﬂmi 8 Qo by4eF%éP dpho?®si & K/ ml:

pol yacryl ani & del86; Rie gmimbol y®@pt i The We.ﬂuemsf ¢g/ed DNase I was

nitrocel | ul ose | an tin I.bo
Bands were seenaéllﬂ)%a\ nei;’coﬁal ni ng% spu ""ﬁ?né P@C?ﬁet Iaghﬂ %\b{
that actin is prisowk 9@?-&3/]53&11* wvas appm:ssmgtsbmmna Ex@edbsolin

Sol ubi I'i zati on PrdAiicdE thor® didadYuttdh NexBblEbddafr 9t FoWSdos8 "Ph eEhaf

fresh sputum from CF
putu presence of a basally ineffective DNase I-

10 coébncentration.

Effect of Gelsolin Combined with DNase I On
the Viscosity of CF Sputum. To determine whether the
combination of gelsolin with DNase I shows synergy in
reducing the viscosity of CF sputum, we measured the

15 viscosity of sputum samples over time after the
addition of one or both compounds.

Sputum samples were collected from CF
patients by expectoration and were either tested
immediately or frozen in liquid nitrogen and stored

20 at -20°C. The stored samples had rheological
properties indistinguishable from those of fresh
. specimens. |

Viscosity was measured in a torsion pendulum

and values were computed from the rate of creep of the

25 sample at a stress of 125 mPa, as described in P.A.
Janmey, J. Biochem. Biophys. Methods, 22:41 (1991).
Uniform plugs of .25 ml were cut froﬁ coherent masses
of the sputum samples and the plugs were layered onto

. round cover-slips. Ten microliters of Buffer A without

30 additives, with 250 nM purified human gelsolin, 250 nM
bovine pancreatic DNase I (Worthington éiochemical.
Freehold, New Jersey) or with a 250nM combinatibn of
gelsolin and DNase I were then added to each sample.
The cover-slips were then pressed against the suspended




patients were obtained and tested w thin a'femuhours of 20 collection. In
this test commercial bovine DNase | was conpared directly with purified
pl asma gelsolin in the pourability assay (Table 3): Table 3 Gelsolin

DNase | Concentration, [err]g/m Time of i ncubati on 2 510 2 5
10 25 at37C. 1 mn 0 0 3+ 0 0 03 mn 0

Tr 3+ 0 0 Tr 5 mn Tr 2+ 4+ Tr Tr Tr 10 Tr
2+ 4+ Tr Tr 2+ 30 15 mMn - 36 Fr 2+ 4+ Tr 1+ 3+

- 33 - Since the nol ecul ar weight of DNase | is 31,000 and that of

el solin, 84,000, .gelsolin is considerably nore effective on a weight-
gasis "Al so, thglgﬁﬁi8f0ﬁ§€tt8F%%9ﬁ(ﬂ?q&§L9@hsi§¥§ﬁﬂﬂmﬁﬂ1m§a$urements

st oi chi onetric aofi nheewmeebedt}‘yObfgfﬂr@!dpmtBimgag@lié fﬁc?‘&{ %b%ng%%%eé{tﬁrer
DNase nore consi gient w.th_depal.yneri zat ,_en 0SS O S .
than fragnentati %%“Bf pg‘é{%l rllgpoﬁ;cl)ﬁemrié @rnde%;yﬁéﬁ“é:efctai o hgnaddigion

Ef fect of Gelsol PR the bmfiferl. Concentration on the Viscosity of CF Sputum

To conpare thg effect of cgaceRbiAl iigﬂﬂ | 90! iga i s@NasGy ;s o the
viscosity of CF Butu we neasured the ange ‘i IT Vi Scosi t'y” of "sput'ur
sanpl es after thg 388i i 6Auged18 GXERLey Fedustion iienshef issosicomedunds.

Sput um sanpl es wehe sputamt eHahr @1dCelsolin alone. DNase I at the
same concentration had no effect on the Giscbsity of
the samples. The viscosity of sputum samples from the

10 same patient that were treated with Buffer A alone did
not vary over the course of the expefiment.

Example 6
Effect of a Combination of Actin-Binding
Compounds on CF Sputum. To test the effect of a

15 combination of actin-binding compounds on the viscosity
of CF sputum, we measured the change in viscosity over
time of sputum samples after the addition of gelsolin
combined with Gc globulin (vitamin D binding protein).

Thirty-two sputum samples were obtained from

20 S5 CF patients. The samples were either studied
immediately or were frozen in liquid nitrogen and
stored at -20°C. The stored samples had rheological
properties indistinguishable from those of fresh
specimens. .

25 Viscosity was measured in a torsion pendulum
and values were computed from the rate of creep of the
sample at a stress of 125 mPa, as described in P.A.
Janmey, J. Biochem. Biophys. Methods, 22:41 (1991).
Uniform plugs of .25 ml were cut from coherent masses

30 of the sputum samples and the plugs were layered onto
round cover-slips. Ten micréliters of Buffer A without
additives or with a 250 nM combination of purified
human gelsolin and Gec globulin (Calbiochem, La Jolla,
California) were then added to each sample and the




patients by expectoration-and were either tested i Mmediately or frozen in
I|qU|d nitrogen and stored at [err] The stored sanmpl es had rheol ogi cal 20
propeﬁtles i ndi stinguishable fromthose of fresh specinmens. Viscosity was
measured in a torsion pendul um and val ues were conputed fromthe rate of
creep of the sanple at a stress of 125 nPa, as described in P. A 25
Janney, J. Biochem Biophys. Methods, 22:41 (1991)- Uniform plugs of .25 m
were cut from coherent masses of the sputumzsanpl es and the plugs were

| ayered onto round cover-slips. Ten mcroliters of Buffer A w thout
additives or Buffer Awth 50, 75 150, 250 or 500nM 30 purified, human

gel solin or wth coBRrIHEPSMEréEressddagainsovihe paspended cpDibscof

(Ver t hi ngt on Bi ochem&als s & 650k whNew Wﬁeé’abé\’eﬁ@dégdéﬂeﬁpe the spytum

sanples. After a 60-m nute |ncubat|on the Vviscosit fhe spufumsanpl e
from each patlenfv%%&9°lty o TRGESRYY SR T%PHH%Ift%?eeaf“e%%ﬁ—%%ﬂcéﬁ¥$at|on
of additive. As sk 15, T30 &18 @idl 60 figutes 3afget Sthé NadaLc£6n dofar ked

decrease in V|§cq$£ l@ﬁgn at the 5 | owest concentration. In contrast, .
DNase | had no ef ?WmeV|sc05|ty of the sputum at concentratlons of
up to 500nM Table 4 % | ni tAs|shawms cisi Figuweli §1 veelsntint cambimedOwith  (n
M Gc globdEirtdglidly redddédCehe iscosity of the spufiim
samples. The viscosity of sputum samples from the same
patient that were treated with Buffer A alone did not
10 vary over the course of the experiment.

Now, having fully described this invention, .
it will be understood by those with skill in the art
that the scope may be performed within a wide and
equivalent range of cohdition, parameters, and the

15 1like, without affecting the spirit or scope of the
invention or of any embodiment thereof.
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62 750 o 30 Exanple 5 20______“ Synergy

Bet ween DNase | and Gelsolin -- Concentration-dependent’ % ease of

proteins. A protein rel ease experinent was %ne that sho l m,m’ m,,”n

dependent di ssol ution of sputum sanples fro hree cysti
patients. Sputum sanples of about 25 equival ent vol une MQre suspenﬁed i

0.5 nm of a 0.1 Msolutlon contalnlng purlfled pl asma gel solin
concentrations of approximtely 2 e&%.rr] 4 [errlg/m, 7 [err]g/n,
and 21 [err]g/nm . After in&ubatPoR rfiﬁlqkﬂllziﬁs patholegicehe

sanpl es were Ce”&:{:hflé’ﬁeéoﬁﬂéntbe eﬂwlozdwyeﬁ efidus 2808RE of the
super nat ant sol utions_were relative scale gge §Eep Lf

readi ngs were ast$EPLHRAEOTY ?EFngFﬁ?a(?%E?eQF{eﬁ?Tﬁyﬁ?lnﬁ
[err]g/mM: 5 1 &Emidisterihg/ effit@®iouEhecldwsls af tenedofemotrg/ actbhase |

as appr oxi et el ; 0ab g ThERALRLEL Bl £ sk Phase LrobisnZs or

[err]g/ M gel solThn wWas~ap I mately g;oduce g
di ssol uti on expeéueqtapna IéﬁIGU§§HW¢%tﬁh?ﬂ%%%nc§n BheaseppPirRferYect i ve

DNase: 1 10 concegipati 8. tﬁ@fg@tr@hﬂ&ﬂsolln Conbi ned with DNase I On the
Viscosity of CF Sputum To determ ne whether the conbination of gelsolin
wi th DNase | shows synergy in

2. A method for reducing the viscosity of
pathological airway contents, mucus or purulent mucus
in the respiratory tract of a patient, comprising the
step of administering efficacious levels of one or more
actin-binding compounds other than DNase I, or
fragments or functional derivatives thereof, to the
patient.

3. A method of treating respiratory tract
obstruction in a patient wherein said obstruction is
caused by the presence of pathological airway contents,
mucus or purulent mucus in the respiratory tract,
comprising the step of administering efficacious levels
of one or more actin-binding compounds other than DNase

I or fragments or functional derivatives therof, to the
patient.

4. The method according to any one of
claims 1 to 3, wherein at least one actin-binding
compound possesses actin filament severing activity.

5. The method according to claim 4, wherein
' the actin-binding compound or compounds are selected

from the group consisting of gelsolin, villin, fragmin
-and severin.
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reducing the viscosity of CF sputum we neasured the 15 viscosity of

sputum sanpl es over tinme after the addition of one or both conpounds.
Sput um sanpl es were collected from CF patients by expectorat%eﬁ—aﬂd—meﬁg_____
either tested immediately or frozen in liquid nitrogen and .
[err] The stored sanples had rheol ogi cal properties .indist ﬂ"ﬂﬂﬂ!ﬁ“ﬂiﬂﬂﬂﬂﬂ
t hose of fresh specinens. Viscosity was neasgged in a torsion pendu .
val ues were conputed fromthe rate of creep of the 25 sanple at a stress -
of 125 nmPa, as describéd in P.A Janney, J. Biochem Biophys. Mthods,

22:41 (1991). Uniform plugss of .Dhenhetboé aatoktddmgc aloeicdeiinass athafeime
sput um sanpl es a t ; I n ver-slips,, .len
mcroliters of BS FEE?E¥Mt cﬁﬁii%_g%§é§geg$$gwégﬁgggggh%ﬂnﬁqfﬁ%ﬁfﬁ%n&n

gel solin, 250 nMEBEEMENHAK rBsrceionalederivetinenghesBiZocheni cal

Freehol d, New Jersey) or with a 250nM conbi nati on of gel solin and DNase |
were then added to each sanpl e. Jhe covgr-sli S ggre t hen _pr.essed agai nst

t he suspended - 36 - plate of BRTED g?oﬁCEQH PImEODGPE®L % wWherein
measur enents of the watdos tfragmeme Sputben shypbt riyptice fraguairite dTa®r €
made 15, 30, 45 and 60 minutes after the addition of the buffer. 5

As shown in Figure 4, gelsolin conbined with DNase | caused a greater
reduction in the viscosity &f thEpaethrdnancardigs s cidadme. Whersin

at the same conceher aidtiivéd Bragmeit c6bn0aihCamiineOaiciv e il e 855
The viscosity ofo§pggfgéfggﬂes fromthe

9. The method according to any one of
claims 1 to 3, wherein at least one actin-binding

compound sequesters actin monomers in complexes that
resist polymerization.

10. The method according to claim 9, wherein
the actin-binding compound or compounds are selected
from the group consisting of vitamin D binding protein,
cofilin, pfofilin and depactin.

11. The method according to any one of
claims 1 to 3, wherein one actin-binding compound is
gelsolin or an active fragment or a functional
derivative thereof, and another actin-binding compound
is vitamin D binding protein. -

12. The method according to anf one of
claims 1 to 3, wherein DNase I is co-administered to
the patient. )

13. The method according to any one of
claims 1 to 3, wherein said pathological airway -
contents, mucus or purulent mucus is associated with a

. pathological respiratory condition selected from the

..::.‘._.'?;,.,:' :
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10 sarre patient that were treated W|th Buf f er *A al one did not vary over
the course of the experinment. Exanple 6 Effect of a Conbination of
Act i n- Bi ndi ng Conpounds on CF Sputum To test the effect of a 15

combi nation of actin-binding conpounds on the viscosi tE ﬁ sSpu

measured the change in viscosity over time of sputums "ﬂmglmﬂgm
in).

addi tion of gelsolin conmbined with Gc globulin (vitari
Thirty-two sputum sanpl es were obtained from4 -5 CF. patl?ent's The *
sanpl es were either studied i medi ately or were frozen in liquid nitrogen

and stored at [err] The stor.ed.samples had, rheql o cal erties
i ndi sti ngui shabl eFPYR CRESESHANG é’sfﬁ ‘?refﬁ‘g’ Enrbnic Vi scosity

was neasured in abmmMmmndmlampmdemi wes plmtelemmm&adei-baﬁlbheofate

of creep of the s a nﬁﬁ_, 9191?4? ibed in P.A Janney,
J. Biochem Bi ophgmlpﬁf h‘ug:s?%td’zﬁfm(]ﬁé% nll'?a'l ugs of .25 nl were
cut from coherent ng@mqgap.at havigRARKe ath i @Schh@l ihéspl pyrudent
layered onto roungdneowRimd, umlraxan}écsﬁls—é&ngsﬂa&ﬁow t Bgthma,

addi ti ves or V\ntha 50 nMc |nat| ri elsolin and G
gl obul i n (Cal bi ocHe®* CX Yd'ltl “tcéﬁ ‘a‘?%@%&h’éﬁsa‘ﬂﬂgh PYCBEch sanpl e

and t he - 37 - plogering,i rx:umzer apt fss achegai o gputhbesuspéndsdtpkat e of
t he torsion pendul pI [ ntl%gﬁ‘i co of the sputum
sanpl e from each Sa &N vvere ma e 1 gg‘ C}Ef?%%g%éhu géngter the -

addition of 5 therelsprlﬂr@tory distress syndrome (ARDS), post-
transplantation obliterative bronchiolitis, and

allergenic bronchiolitis (fibrosing alveolitus).

14. A pharmaceutical composition comprising '
one or more actin-binding compounds and a
pharmaceutically acceptable carrier for administration
to a patient ‘suffering from a pathological respiratory
condition. '

15. A pharmaceutical composition according
to claim 14 wherein the actin-binding compound or
compounds are selected from gelsolin or a fragment or
functional derivative thereof, vitamin D binding
protein, and a'combination of gelsolin or a fragment or
functional derivative thereof and vitamin D binding
protein.

16. A pharmaceutical composition. according
to claim 15 wherein the gelsolin fragment is the
chymotryptic fr_agment' CT45.

17. A pharmaceutical composition according
to claim 15 wherein the gelsolin fragment comprises
amino acid residues 25 to 165 of plasma gelsolin.
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As shown in Figure 5, gelsolin conbined with G& globulin rapidly reduced
the viscosity of the sputum sanples. The viscosity of sputum sanples from
the sane patient that were treated with Buffer A alone did not 10 vary over
the course of the experinent. Now, having fully described this invention,
it will be understood by those with skill in the art that the scope may be
performed within a wi de and equi val ent range of condition, paraneters, and
the 15 like, wthout affecting the spirit 6r4§06pg of the invention or of
any enbodi nent thereof. - 38 - VE CLAIM 1. ¢ A nmethod for

sol ubi l'i zi ng pat hol ogi cal airway contents, mucus or purulent nmucus in the
respiratory tract of a patient, conprising the step of adm nistering

ef fi caci ous | evels of. one or nore actin- binding conpounds ot her than DNase
I, or fragments or functional derivatives thereof, into the respiratory
tract of the patient. 2. A met hod for reducing the viscosity of

pat hol ogi cal airway contents, mucus or purulent mucus in the respiratory
tract of a patient, conprising the step of adm nistering efficacious |evels
of one or nore actin-binding conmpounds ot her than DNase I, or fragnments or
functional derivatives thereof, to the patient. 3. A met hod of treating
respiratory tract obstruction in a patient wherein said obstruction is
caused by the presence of pathol ogical airway contents, nucus or purul ent
mucus in the respiratory tract, ABSTRACT

The invention is generally directed to
methods of promoting normal respiratory tract airflow
in patients with restricted airflow and ciliary .
5 clearance caused by the presence of pathological airway-

contents, and particularly mucoid contents. Actin-
binding proteins are administered into the respiratory
tract of a patient with a pathological respiratory

condition involving the presence of such contents. The

10 actin-binding protein binds to actin polymers in the
contents and decreases the viscosity. The actin-
binding proteins also prevent actin from binding to
exogenous or endogencus DNase I, thus increasing the
degradation of DNA polymers in the contents.

) L
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conpriesi ng the step of adm nistering efficaeious |evels-of one or nore
act:i n- bi ndi ng conpounds ot her than DNase | or fragnents or functional

derivatives therof, to the patient. 4. The net hod according to any one of
clainms 1 to 3, mhereln at | east one aCtIE glnd}ng conmpound possesses actin
6 according to claim4, wherein

filament severing activity. 5. The et
the actin- b| DOU

romthe group

> ' i n, fragn1n and severi n. 39- 6. The

it o cl ai n t jn-bi ndi np conmpound is gelsolin
arjrent orr&érﬁ*\ﬂiﬁ&' SAR&/@E e thereofy. 7. The nethod
ilm 6, wherein the active fragment is-4he chynmotryptic

The net hod according to claimé, Aerein the active
amno acid residues 253165 of gelsofin. 9. The nethod
bne of clﬁla’@23d @/cmkerein at | eapt on G ml ndi ng
rs actin nmononer s |n conpl exes that Jesist 3 &y I zat i on.
bording. to claim9, wherein the actif-binding conpound or

or“an active fr
.according to d p
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derivative thereof, and another actin-binding compound is vitam n D binding
protein. 12. The method according to any one of claims 1 tpg3, wherein
DNase | :@is co-adm nistered to the patient. 13. The nethod according to any
one of clainms 1 to 3, wherein said pathol ogical airway contents, nucus or
purulent nucus is associated with a patlgd¥®gical respiratory condition

sel ected fromthe 40 group consisting of cystic fibrosis, chronic
bronchitis, mucopurul ent or purul ent exacerbation of sinple nucoid

- bronchitis, bronchorrhea, bronchopneunonia, mndespread bronchiolitis,

pur ul ent pneunnngy 5
W t hout asthnati g onchitis wi'th micus p u.glng acute and/ or chro-ic

purul ent sinuskti enpyena, bronchi ectasis,_brg
respiratory dlgtréz oSt - tra %h_g’g@e gm& ergtive
bronchiolitissgyand @ | ergenic broncjiol\tis 14. A

phar maceuti c cdpdsi ti on conprisyng ong or-ﬂﬁws actln bi ndi ng co Jounds
and a pharnmaceati cal i i ni i

i ent
suffering frofa ica
conposition aagor { or
conpounds areégel i vative
t hereof, vi-tawrgn a
fragnent or
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f'unct i,onal derlvétlve t hereof and vitanin D hinding proteéin.

pharnaceutlcal conposition according to claim15 wherein the gelsolin
fragnent is the chynotryptic fragment CT45. 17. A phé}naceutleal
conposi tion,according to claim15 wherein the gel sol i h fragnent cénprises

am no acid residues 25 to 165 of plasna gglgplln
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