EP 0 131 150 Bl Descri ption SUMVARY OF THE | NVENTI ON 5 This invention

is concerned with a growth factor useful in prom)ti ng wound heal i ng

i solated from bovine brain. The acidic gpy {3:f{shgb! ast growth factor is
purified a nmnimm of 35,000-fold to apparent hom)gene- ity by a

conmbi nation of differential salt precipitation, ion exchange, gel

filtration, |sameseddtiohc focusing and hydrophobi c chromatography on a [err]
reverse phase HPLC colum. Two mi croheterogenous forns of the nolecule are
obt ai ned with HuUMMARYIOMTHEBMVENTIONBSsses of 16, 600 and 16, 800 dal tons. 10
BACKGROUND OF THE | NVENTI ON M togenic activity for fibroblasts was

recogni zed i & br aThis inventionds eoncaread with a gewthdacky gsey inrameting wand héaling i§dd@BHomkovine
Exp. .Bi ol ., 16,brapTtr0adidigibrpip fibrakizst growth A0ior Srrutified a ninimgrg ot I5A90-fokhte apparest homogene-
cl ai @of puri f ity 2y oppmbisation of (sisier @hﬁttpyecwﬁaﬂan HnaeXabages. i96e@irafiers popledtrinctoeysing and
was ade by Godyéieripbiaichromategraphy on aCy gevgise phase diP|-f Colpmm Twg aifronsierReeRdus farmeef the
G owt h Hor none MRguiRare gbiaieduily apprient 9 ar masgesef 16,9074 1§490galtonpy 5] v/,

Excerpta Medrc | pp. 141-165 and (1978) J. Biol. Chem
253, 3736- 3743%%%@3&@&2& ety of act|V|t|es and tar get cel I s of

t he m togen, Gosp ar ow owa et & 975 IA xp c Di s

nic w asts Was n rél ove t al.,
eds., Luft, l(f%s ? :%o; ( %mi cl of pur on o
an appr oxi e rain-de clof ird lnt natonal
honogenat e the S@ﬁﬁ&s}ﬁ owil: H |1n %L!at ﬂieé rpta

to be a famly hﬁﬁica?lElQéVQF % Wm‘k o fﬁgeﬁ BMdS1998 frﬁﬁ Cﬁbn‘b@% @73@@9133'%0 dy& aavanety
et al., (1978) oPhcutiesNAl ltarg AR of # i mito§én \Gdspodafthiica; ¢t GIl,T1978) 1 QiaG.tih MeRBdiic Visorders,
the nyelin sheatd) sy ROY miu ¥ (RRBMIE PRES) NaR Orope Volp BESR 1338 At OBIS appidXinately 1000-fold
i deti f i cat izon padficatioe frofh ta0gEIRSooNfe BraY Mo jehadd theraoiile Girctein ffibivliest igrowlrattor (FGF), was
pr ot ei n subsequspnitddyto Waa fabily ofl 8 ptebigit, fraghenmsst myelin tasic profelrd 8@}tall] ot 4, (1B78 R@M Natl.
255, 5517- 5520 Agatid Sticu$rorg, 4615-4678, a cpdstida of the Gayklin Boath s@boundingZnah@ Braireand pedipberal
fragments of npedrems. basic protein were ultimately confirmed to be the major

protein speci es ilhetideatifisation of theanitogans ap degrageton prsiucts Rbmyglip jbgiic potelsruhspquently was
| npur e aFGF # s dputedld Thomssn & @ly| (4380) 4. Blel hemy 235e 5H&15P3Pcamd dPBTEh of Ble (1§P2)-. Cell Biol 95,
EDGF), bovine B%216R "lS'r‘Q? (FAORRS ‘?féEIVe BRsichPretelp tvsre ult f°’t§F‘"°So‘9|"ﬁe‘h° major protein

itogops:
hypot hal anus (é’??Q'B’H'f "’B@?‘P" bYgre gt e aet}vemt?&gy S descr d 3 rgm%ram_
gdescribed

B | ular tiss
af” " éuB't Olet w fgg NG@ smgﬁgn Ié‘ ala juﬁ 7, 5333-
'ggldo |d1 rtfﬁdfs eofthe
W th I's I nvent

purified 1066 am
factors could i

|'s provided a pr %@S§| Qu'is i 8:%8 o lﬁeaoy Poﬁ:és%%r' & 38bocdsils %hﬁﬂc&foﬁ'of‘ ac:dlc bram
fibrobl ast gr op§rbbidsBgbh faid an% as&&.&asa&atel&aa@ the protein.

provi ded by sf hi s Aisa\Ritidb®By isQnveridh B8 GRaHnkdeaicalCldMBERIohd EWRHPriSiiy RS h&rbmoﬁtmctor as
novel grow h fagibeingraderdCt | ve ingredi ent. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 40 The novel .growth factor. of this invention is an acidic
brain fibrobl abETAWEDBESCRIRTIGN OF MHE INVENBIONI al | y pure form which exists as
t woh¥i cr ohet er ogeneous forns Wi th nasses of 16,600 and 16,800 daltons with

an anm'no aci@l corfposovel growth sactoh ofithis inventiculis en acidmlﬁ‘a@@b@&!assgmwth factor in substantially pure
form which exists as two microheterogeneous forms with masses of 16,600 and 16,800 daltons with an

amino acld composition as shown in Table ).

m
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EP 0 131 150 B1 TABLE | Anino Acid Units Aspartic Acid

14 Asparagi ne 10 Thr eoni ne

9 Serine 10 G_ut am.c | d 16 15

G utam ne Proline ' #oa{gf @%‘i ne

14 20 Al ani ne 5
Cystei ne 4 Valine 5 25
TABLE .1 (cont'd) 30 B Met hi oni ne

1 1sol euci ne . 6 LeuGARLE L 19 35
Tyr osi ne 7 Phenyl al ani ne 7

Hi stidine s 540 . Lysi ne
13 Argi ni ne Aming Agitht ophan Units 1 45
Onesunit of mitogenic activity iﬁaﬁﬂi@/i&bf&r}ge' | sy4is defined as the
ano of pure protein required for half-maxijmal stinulation of synthesis
of DNA, corresponds to 40 pg/ MASRaLADYRe faetor. Al though the acidic brain

fibroblastrgrowth factor of thigs,idieilid on i s descrided as being isol ated
from bovine brain, the same or substantially simlar growmh factors may be
i solated fromother nmamualian Wefiine so including Himan brain. The nove

process of this invention for ieQledd fidHe acidig brain fibroblast
grow h factor fromthe above mammal i an ti ssue conprises the sequence of

steps of: ®) extraction and di f3lttaming sald precipitation fromthe source
tissue; 2) ion exchange; 55 Plodgle filtration; 4)yion exchange; 5)

i soel ectric focusing; and 6) hydrophobic reverse phase chronat ography. 4
EP 0 131 160 Bl The extracti on @i ferential salkX4precipitation is

acognpl i shgd by sequential tregiyg{iseWith 0.15M ¢
Cysteine 4
Valine 5

25

TABLE 1 (cont'd)

%0 | Methionine 1
Isoleucine 6
Leucine 19
3% Tyrosine 7
Phenylalanine 1
U Histidine ‘5
40 Lysine 13
Arginine 6
Tryptophan
45

One unit of mitogenic activity for BALB/c 3T3 cells, is defined as the amount of pure protein required for
half-maximal stimulation of synthesis of DNA, corresponds to 40 pg/ml of growth factor.
Although the acidic -brain fibroblast growth factor of this invention is described as being isolated from
bovine brain, the same or substantially similar growth factors may be isolated from other mammalian brain,
50 including human brain.
The novel process of this invention for isolation of the acidic brain fibroblast growth factor from the
above mammalian tissue comprises the sequence of steps of:
1) exiraction and differential salt precipitation from the source tissue;
2) ion exchange;
55 3} gel filtration;
4) ion exchange;
5) isoslectric focusing; and
6) hydrophobic reverse phase chromatography.
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dmmoni'um sul fate at .pH 4.5; 1.52M ammoni um sul fate at pH 6.75; and 3.41 M
amoni um sul fate at pH 6.75 foll owed by dialysis and | yophilization of the

hi gh salt concentration precipitate. Thepigisiereplgnge step conpri ses batch
adsorption on carboxynet hyl - Sephadex[err] (Pharnacia)resin at 5 pH6

foll owed by sequential elution with 0.1M sodi um phosphate buffer containing

0. 15M and 0. 60M s&e enrretinn end dilerdntigl | saiveracipitation i lagaomplishertiby pwtitlit@amemn with 0.15M
the 0.60M sodi (AMRIA|UBYSutiRte stpHc4S: HPRM Frhmo suffgte etrpkt §-Bnangt iagmgyewm@mmwnﬁis
a Sephadex[err] °@”‘7‘Bb ‘F*Wéﬁsrf‘ﬂ‘é [vahilieaien ehiherijohepiteqnerntraliop AregiPefd: armoni um

bi car bonat e, %088 S159 CpoRsises; Bajch gfi-'fomt}own Elﬁ@x ﬁH\Yéaeqﬁl Pégl'tarmacua)resm at
activity fraét IPQE% olig eg 8%%17‘%"'1" ﬁ'“ d"l‘f% @iM sgq "éf‘ﬂ)p 15M and 0.60M sodium
car boxynet hyl ¢ 'st?g % '@ | e
H6.0 and el ut foo e§ at "'l“ﬁ !¥ &B B 0M
12 10 o ctv )b ractions.
loaded in 0.1M

har
ol Mwed by | y
per formed i n10U|aH 09% an | teﬂ'% ﬁ‘é%é)a o M Fﬁe uﬁ
‘phase hi gh per fgﬁwy ool [ap I C pur| | Eatron o ttﬁe
m togeni c aci tivi fsUeldcﬁic?o% r@‘f@ﬁtﬁ%e fbh@;fd (}_Ké @aftf]ers%brt% g% based HPLC
col um (The SepargjdréphsoidariibRe pHERPREH Perfotmaried)) liquid \Aén bRE durifidatidn’ 8€ tHeORuidic

and Salt Preci mhifogdnicOiiivly) iB¥ienta ob Vadabé CW@iﬁ& tabdcim e doliP (78 Sedralibns Group, Hesperia,
sl aught er houge capd transported on ice. Visible blood clots and the outer

nmenbrane of the meninges with their constituent blood vessels were rempved.
The brai ns wer &@MPE2d i nt o cubes approximately 2 cmon an edge, quick

frozen In liquid N2 and stored at -70 C. Distilled water was used to make

al | sol utions &8P p+Edradtioesnd\fet Brecipifatint ed ver sus standards at the

te rature 38f 25 use. All steps were perforned at 4 C unl ess ot herw se

not €d. Four kg ofB‘{Vi“E §'(§l93 {ars gbeinadiropibes! glayghterhpise pribiragengiterkon igge Visible leagbelots and
in 4 liters of 9 fane °be‘?@ %H@i‘ fheir %P“%Wh'd°°ﬁ‘l"@?§6(§r’"°@rfﬁ"‘a yEhe dgpins gere
pH 4.5 using 6 I bP anp . Auick frazem ligyid e, ﬁ-‘lﬁ C. Distilled
di aneter pr ogel‘"f’"@'r ‘”%st yspq @r 13{' ‘?'”"i Haaﬁ PH éesh“(ﬂ% ?Pé{"'ﬁ%?ss 8?ﬂ‘§ ?‘f'LPg’@’Bpeé"t“"e of
13,800 x g f°

§Pq=A §ep
ur; tls 1 (hﬁ 4)2504,
and 200 g/l itey, g;ba %,ggip i o usl é i a 1524

rin nd xn g wi
centrifugati on re | mgo gf for 40
liter of super Hi% tthé ta B WM R o YAithr of %mwuy
pel I et di ssqhVeagtel Whi Qirr Q?e iﬁubaﬂo htah)éé@g gﬁgﬁﬁﬁeé @5 é&Qva dded per
cutof f bags ( Smecdeiskibrvhal (§3 )] THd Wibltdrd G reééﬁﬁif HeSsultifePp tQisQél iV 500 $H Of water,
two 14 liter Veiy#Basta0hourkaih &/0068000 MOsIdH Ibaé@dSpe&ElmSWE&cﬂ lndustrles. Los Angeles, California)
Car boxynet hyl - Gegisase e RS i A idshmbdd i zed protein fromthe salt
precipitate of 16 kg of brain was dissolved in 900 ml of 0.05M sodi um
phosphat e, p# 6TER 2:tCachoxymethykSaphieiadnaiatograpiay pH 6.0 with 1 M NaCH and
clarified by centrifugation at 23,300 X g for 30 minutes. The supernatant
was stirred for 21¥onhilizagtrectelnfrort tr@3at prbcipithte lof ¢h ku of draibawds gisyetest lin/$00 nd @f 0.05M sodium
Sephadex[ err] phosghatePpkh faethd mixtu reasiustediiaypH O §ith) 10 Ne@PH arigrcigrified! by contriiggation at 23,300
phaogphat e buf f 8, o $eminpas Joe swampirms et atined drel® inttesoYthaB00 guired dydrtert Bareqrymethyl-

glass filter® §?R§W%&%W§ﬁ@é°’%”t‘?ﬁ‘%’ah’¥é} Sq”B'P’aUd R0 ik ?*E’Fp"éﬁd’" %(ci(‘%d"adsmbed

into a col um Bpted sS""E'F‘rP ?es' pggked
A R e e D

0 m sequence

500 m pool gg"
6,000-8,0004Nw%sa al zf’ %1 our's Ve rsus rsqi’ er vo "l‘J"r’r%s of ra" é’°phmz%d

| yophi | i zed.” 4gr@lEP 3: One-quarter of the Iyoph| i zed protein fromthe '
C-50 colum wa ssolved in 20 M of 0.1 M anmoni um bi carbonate, pH 8.5,

clarified by a 1@n@3%@0f%ﬂ§d’pﬁ:ﬁﬂg ?lfo{eﬂ'?roﬁ\tthgé-sg Q8untn Nastidobdaas bb ANGH0R MicRium
Sephadex[ err] Gbhrtandte, dH 8IS iAol By niteCcehBfubatioR & 271060 £ gShd RactiGrialed ¥R a Gephadex®
90 cm) at asflaws Q%@na@iﬁ) (Zélﬂéﬁ il particle/siza) Sdiurdnl (8 &1ob @mP atRBioWGats of 745418 47.5 ki Ractions
~hi ghfSt ﬁclt Vi %éjhgf dofizlet OTHS higRADAHVitS Fractibrd (dHdBKB78 ko 1086 mE bikskiss) W pBoigtDsMt G@philized.
and | yophili ze

STEP i Carboxymethyl Cellulose Chromatography

85 Protein from the Sephadex® G-75 column was dissolved in 10 ml of 0.1M ammonium formate, pH 6.0,
the pH readjusted to pH B.0 with 0.1M formic acid, clarified by cenirifugation at 27,000 x g for 15 minutes
and the supernatant loaded on a CM52 carboxymethy! celiulose® (Whatman, Clifton, N.J.) column (1.5 x 6.5
cem). The protein was eluted at 60 mihr with 0.2M followed by elution of the growth factor with 0.6M
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STEP 4! Carboxynethyl, Cellul ose Chronat ography 55 Protein fromthe
Sephadex[err] G 75 colum was dissolved in 10 ml of 0.1M ammoni um for mat e,
pH 6.0, the pH readjusted to pH 6.0 with 0.1 Mformc acid, clarified by
centrifugatien at 27,000 x g for 15 nfM@d8518hB1t he supernatant | oaded on a
CVb2 car boxynet hyl ceIIuI ose[err] (Whatman, difton, N J.). colum (1.5 X

o) ane AR L B B by of o B 1 ut o

6.0. The actbgé sPORlecti@Bockd@Phi | 1 zed directly. Step 5: Isoelectric Focusing
5 Prote 5 et I%Doel ectric focused in Utrodex[err] (LKB,

Gai t her sbuy 9 Wtér.t Sdiiblos Wale SheRc D fibisb@ i Uitiddedd |LkB PEMRRerdohid! K& ParddP G 2 \Hodifiod
plate with nmikd Muliptio? AstbddOREBING PlaeP RIS minlafii R G6dubing 15hC WBbIstlic\¥ecasihy/ RasCEhitay
per for med onpéofhedtcod LA Bbrikdiikg B lahed ®D.50f 10erh, oach ittCT8 m§ aCUIrdtek I 1PMIE walor
U trodex in donfliniy 106 MG pAI3-OFMERIaRe®qPhkdfaclapind] 474 ofpdH 811l Amftlomeamke)t tHetikdid
(Pharmaci a) estevipordtel 33% 6F wailghtOEithdr enFRP Isarmislé er 1 jrgldéll) of chvehrbretiatll MéAfglobin
evapor at ede 3@igmay Swduighiissdatif e Noatidtcin FFEERLISA thp labove Wilutedramphalyté sabitiore TheogHgradiant
¢ and henogl ebihad Builbiing @ moSktaredL isyiihe stahilitg Db thei qurrev.sthé pasifiens of hel§Bchreme | aod
t he above di hamogidbin siphriatdgtand the ifioel pld profidtikhe [gbl whs aiiiidedh intortem t tre dlicesjand lepdiirsegment
as noni t or edelggd bthd sesueryal|5 migute fenirifugations withi383 Lt 4§ 8.6MANACE 4t 89(x @ih atMfiet microfiltration
cyt ochr ome ctubhEoTainiASya GLHM PoteatRsareepseraind cellyioss REH0 fiig® {Bigtalvic Sysiems dust. Wiess
di vi ded i r§ olafaypite; Ingigqal | The pid °faﬁ#6‘ eateabpnewesuadyeEe &F Otandgdential 5

m nut e centrrfugatrons wrth 333 err] of 0.6M NaCl at 200 x g in a M1
microfiltrat P8 y] pore srze regenerated ceIIquse
RC-60 fi Iter[eri:,rlll naI 16S ster'ﬂ;vc)!d ett

a
-Ilégvelrog eOLﬁ§2§° L % jores P umr:i}:gt%?l"\é}ﬁﬁ Taéﬁ iﬁf’:g{o csl%éa oli3 éﬁg WZZ
&efji afitve toy ?JO é%sorbmg
Vydac[err] [&hfahin ‘% 'ﬁ.g n&a (? (e
lu

focusmg resin were
Separations &&pd,,e

)
hh QJIJM seéa‘/ﬁl p\a@ra Qq 6'7% d’i.‘etgrﬁ)(r' ¥t adient, the active

trifl uoroacelrbtsin 8ahdleriod étta 360@557 REdhinReiS| y passed through a [err]
preparatiyge reverse phase PLC co um to renove UV absorbing contam nants.

The m t ogeni midgbic Asky ve acidic (pH = 5-7) fractions eluted fromthe
focusing restn were 1njected directly on the colum. The colum was

devel oped w t hBalLHe STEAR dibioblasts (Amletica) ITamh Guittre ColteetianC RéckalispWiaryieidnwére piagd at 2 x
el uted at api9* cuiisrat 38 ym3Ganifier Mot eedeseribbd by Ehonfes, dviat. (1980)iJc Bidls Staeyn.. BBG. B517-68318
A31 fi brobd aand dncbatadrin %nCORy(PY 7@6 [0Sk TBoEdlle bedawa fullRguikasent b repleting /e media with
wer e pl at ed &% hest inaetivatpd calf| serumpfiognd JGaimt kfiuegriatere At Sictolrs aiter platingr e saindigs 1.1 ug
Thomas, et &if and degmelhasgne wpreaddedha P, hoqssacheﬂmasem'esen%w@ ? Helaf dmetbyi-TH-
7% [ er r] (thW“'QBB 20.G °'°Tﬂe" Eegland W@%r@wmrmvsﬁwm By ok 8 P%Rq hygnidieg,
nmedia with s?‘ﬂ?hé’a‘i' aF C'Pq"(FaF‘éocel',sal‘”f"'e 'é'?‘i??ﬁe "291 iH‘ES’EPP§‘ ?'a ol\ps

55 hours &ft |( mat & f 702)15 segg;*pgrlﬁglpﬂl age of
added, at 7 ‘H‘B "° :,c poo ts ot ;T;rt::
[ et hyI [err n e
Masgachuset tg;gn ﬁ%%ﬁ v%ggb 0 'a dbtfk%; ito engr;s_7

the cells v
docurrent e‘d F;gpggm%f gﬁu@tﬁ eQ to ) hrOrBe diWﬂEH%SS?O Each ggﬂ LA

dose-response point was the average of trr pI I cate determ natrons The

anmount of m pedgRinbtion aflblddulaymids €ach chr omat ogr aphi ¢ pool was det erm ned

from dose-r esponse curves established from4 or nore nmeasurenents at .

10-f ol d i mcr enesiysry@aidaer gl @lebraphdifisCof CufeC Mtrthafhdt@in thehprésegcvel & ddnatantt ¢sediumy
_nore accur atdedeoytisuifatsy ediuof Bitreutte teduatant (Btmeaceptoothanoi) raygateti € paicoii veiytcjosé bards at
“commonl y usei®,680 agl 18,800 dattoms. Aqind acld arslysis samobsteted ithat thede weret ruigreireterogensbis formg of

i s defined ebe ¢ame pd@eimnount of protein needed to elicit a 1/2 maximal rise

in activity fromwhich the total nunber of activity units
50 Amino Acid Analysis

Protein samples eluted from the HPLC column were evaporated to dryness and hydrolyzed in 6N HCI

(Ultrex, Baker Chemical Co., Phillipsburg, New Jersey) containing 2% phenol for 24, 48 and 72 hours.

Cysteine content was determined as cysteic acid after performic acid oxidation Moore, {1963) J. Biol

55 Chem., 238, 235-237. Tryptophan was measured after hydrolysis in 4N N-methanesulfonic acid (Pierce,

Rockford, flinois) for 24 hours Simpson, et al., (1976) J. Biol. Chem., 251, 1936-1940. All analyses were
performed on a Beckman 121 MB amino acid analyzer.

Employing the biochemical procedures and analytical techniques described supra, the stepwise
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per pool was cal cul ated. Determ nation of Ml ecul ar Mass 45
Pol yacryl am de gel ‘el ectrophoresis of pure growh factor in the presence of
a denaturant (sodi um dodecyl sulfate), with or w thout a reductant
([err]-nercaptoet hanol) reveal ed a pai EPH 13%150 Bl ose bands at 16, 600 and
16, 800 dal tons. Am no acid anal ysis denpbnstrated that these were

m cr ohet erogene forns of .t sane protein.. 50 Am no Acid al.ysis

P ot el - samp! 85gRier S eriad bt EREeRRlTRE e e iie RrufeBR o Bsom
hydrol yzed in 6N HCl (U trex, Baker Chemical Co., Phillipsburg, New Jersey)
contai ni ng 2% phenol for 24, 48 and Wfte RonrigatiGes midiaesieort ent was
determ ned as cystere—eetrt—afier—pertorf H-e-gat-or—h 1.0

Biol 55 Chem, 2R8rcadbss37. A
4N N-net hanesul fanic acid (Pierce Rockford 1llinojis) for 24 hours

Simpson, et al..,(1okel,) Bl , Ghem , 251 19361940, AL ang yse ere

perfornmed on a Béckman B am no aci d anal yzer. Enpl oyi ng %
bi ocheni calro pr oceuunes~amd anal ytictal tseotml ques descri bedzsup?a, ths

stepwi se 6 EP&%@EHO Bjmpyr{'o{j,catziso‘qoﬁummri é’?d in ng!,‘gaéll i

acconpl i shed. overald . there Was a purification factor of 0. Table I
Purification of iseiTeers Br ai n 2erti? Or ot smoRecover yis Act $.vk 50y Recmwery
Activity Sp. Activity Purification Pugificatign ep :
() 15 @2 (units) 3 Rec'(’)°v'e’§y[ err] ks t'%rfi l?;!i:/ mgf® * 10?
Factor[err] Braimeeshoregenate -f 1. 1as4%fr] " 467.9 X [err] -

100 1. [err] 1.0 1 Salt fractippated . 8
X [err] 5. 2"2‘>2"'f<errj 0 66 Dot 2. ét'x [ersr)' 0y 3'3.’(5‘:’]‘
Sephadex C:.50 . 5.8 x Jerr] 2.5 x [err| 32

4.2 x [errf° SéY'D*‘Sepha‘déX“G@"?S brain. 2.1 x [err] 1.2 X
[err] - 15 5.7 x-[err] ' -19.0 [err]

[err] _ 1.0 x T)B&ﬁq for the value for the houdpdhate, these are minimd yalller thi€ afe@ftin)tad asuning 26 X
[err] lsoelectric facuSinIBitial sitsgenic actfv®f Is]acidic bratnFrr, 3. 6 X 106

4.6 25 - - [err] HPLC 0.144[err]

3.2 x [err] e 41 2. r 3 r] .20
[err] Val.ues based 5?1‘_"3,.'3__%#’_ _o:\gﬁ‘em 'f):%l)énr'l‘[‘i eélgur‘J E?(’Q?em'tmf géﬂgﬁ%&’@;l%”?'or
t he honobgenat e, thes:'é'c‘ar‘ep"}ﬁ i) Waf’ﬁesa?ﬁ‘at' are es |'h’é'(‘f"§" B ng”that
all of the initial mtogenic actiwity is acidic brain FG-. 25 [err] Protein
estimated #®y 260/ 2@mwnazmm*m§(-nma for Biochem cal Research, 2nd ed.
(1969) [err], Darson, RMC., Elliott, D.C, Elliott, WH. and Jones, K M
(Oxford Univ. PresSeohardan @py e 526:+627]. 30 [err]Protein
estimated using [err] = 10. [err]Protein estimated using [err] = 1.9. 35
[err]Protein not qUaNLILAlGRMudsL! ] Protein quantitzied by amno acid

anal ysis. #0 The grom h factor of this invention can be used to
pronote the healing of wounds by application of the novel peptide of this

i nvention to the woltPfairgresitsted ¥ e %Y1 y or subcutaneously near the
edge of the wound in an anmount of about 0.1 to 100 [err] of surface for

topical appli cathdRowth Meto?Bithik #I5dEOT can R UsSd D 1dTRG Bbkihd & onwsgﬂlaaﬂlkﬁ of the
are useful sy spdb 3f Eﬁ%ﬂk&nﬂoﬂ%ﬁf&muﬁ@kﬂéﬁb P topd&lly Sor siltahboliy} Rdar #18!6dbd 6 the
pol yners suchwcaia R%A SR 6QRY 0686 106 1Q7E2loRs ecfgrté | &plidalén. | NQredient "i s
: For application, various pharmaceutical formulations are useful such as ointments, pastes, solutions, .
gels, solid water soluble polymers such as hydroxypropyl cellulose in which the active ingredient is
45 incorporated in amounts of about 10 g/mil.

Claims

1.  An acidic brain fibroblast growth factor in substantially pure form with molecular mass of. 16,600 or
50 16,800 daltons and an amino acid composition of: '
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45 incorporated in anounts of about 10 [err]/m . O ainms—1— i
fibroblast growh factor in substantially pure form wt of
16,600 or so . 16, 800 dal tons and an ami no acid commlm"mm)"lmﬁill?

EP 0131 150 81 purification sumrari zedEP o 18ad6@ Bitl i s aceonpliishaed. s «
Overall, there was a purification factor of 35,000. Table Il Purification
of Acidic Brain err] 5 Protein Recoverglooo

Activity Rec oDificAtion Wa{ﬁepy\ Table it is accgﬂpusm p\/ﬂriliythe'fpl\'jlﬁf ? pyifiegtign, factor of 3

Purification Step () ' (units) Recovery [err]
(uni ts/ ng) Factor[err] Brain sadORPGaRALS of actdic shinrarX [ €51 ] 7.9
X [err] 5 100 1-;?;;&&;&' 1010 '| Sal t
fractionated Jf§ % rr tain - tiyit Activity b!p. tvity Purification 2.9
x [err] - 4.0 S’épﬁatdeXSL%-SO nd __ 5. 9(x' Lerr] v o 2(?“ x)[er'r'w

32 4.2 x [err 58. 0 Sephadex ,C- 15 2.1 [err

1.2 x [err] . 'L"TBL Wx W E et or ) 10 79 g ’[%N? .
S54[err] 10 LsOtxndiRkbtd 10 s wic 182:w 885 x [rdd® 246 X
[err] Isoelectric fdusing : oH—[err] , 3.6 x [err] 0" 4.6

- - PR pLC Y 2! 257100 0 144 &r] 42210 3 2%0err]
4.1 2.5 g 213 5024 [enkk 120 15 [ &l Wal uesg.pased

on 4 kg of bovine brain. [err]Except for tge val ve for the hompgenat e,
these are rini mffval ues that afe esti *at3 assuni My that ' FIBF ¢ b x &
initial mtogenimeaadii sty 1S act di c begknsFG-. 25 {err]Protein estimated
by 260/280 ratio nethod (Data for Biochm cgl Research, 2nd ad.’ (1969 ﬁps.
Darson, RMC., FSott, D C%™%1iott W and Johks, KM* Poxford UMl v

Press, London) pp..626-627). 30 [errJProtern estinmated Usingy
[err] = 10% [err]#?umimthmmdeWh-ng [err] = 1.9 [err]Protein not
quantitated. 35 Protein quantitated by am no acid anal ysis. 40 The

growth factor of t®Prhdetit e VaiudRr G ibopRuid) SIRA ate QIARMROETN: @l HE e:O1RAY bd3GinPdhat

wounds by applicat i @erQle hite dRNRL 2GR s I8aOfrark RES 1 Nvention to the wound
area eitheg topically or subcutaneously near the edge of the wound in an

amount of about 0.4 to 10%&%err of surface for, topi.cal application. For
appl i cation, vari of&'PhEt EAratie B Pt feohietall "ﬂ'é"é?'tfp’ 2 QKN 48 Oanon,
ointments, pastes, Sbi-ub?igistc-gBHet Yy pP Frat-b L6 B BRh P sS5tith as
hydr oxypropyl cellulose in which_the active ingredient is 45 incorporated
i n anount ssoof abou?nﬂﬂnbe\n@hﬂh.gp-ad.rm 1. An acidic brain fibroblast
grow h factor in substantially pure formw th nol ecul ar nass of 16, 600 or

' so 16, 800 daﬂ’ﬂr&ﬂﬁn&%@ﬂ»%ﬂ D@gacid conposition of: 55 7

35 . nmmn not uantitated,

')Prouln quantitated by smaino acld amaiytis.

40 The growth factor of this invention can be used to promote the healing of wounds by application of the
novel peptide of this invention to the wound area either topically or subcutaneously near the edge of the
wound in an amount of about 0.1 to 100 1g/cm? of surface for topical application.

For application, various pharmaceutical formulations are useful such as ointments, pastes, solutions,
gels, solid water soluble polymers such as hydroxypropyl cellulose in which the active ingredient is

45 incorporated in amounts of about 10 ug/mil.

Claims

1. An acidic brain fibroblast growth factor in substantially pure form with molecular mass of 16,600 or
50 16,800 daltons and an amino acid composition of: :
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EP 0 31 150 Bl Anino Acid Units Aspartic—Asid -

Zymm cagmen " MM

Autamc Acid : 16 Gu

7 15 . GI yC| ne

‘Al ani ne 5 Cysteine : 4 20

Val i ne 5 Avitriio o ik Units 1

| sol euci ne 6 19 25

Tyrosi ne h}%ﬂy{‘&[ an| } 14 7 Hi stidine
5 30 Lysing : Asmmag;inﬁ ne 6
Trypt ophan 1 TJ(}'? acidic braingfibroblast growh
facfor of daim1, i soI ated from bow he'brain. 40 3. A process for the

i sol*ation of acidic brain fibrobl &rlg'reawth factor in d@bstantially pure

f or m whi ch corrprl ses the sequence %H [eDs IQé extragtion and
differenti'@al salt precipitation fr He source | ssue” by sequenti al
treatments with 0. 15M amoni um sulGlattemmineoH 4. 5§ 1. 52M anmoni um sul fate at
pH 6. 75; and 3.41M ammoni um sulfat H 6 75 fol | one by di al ysis and

| yophilization of the high salt prerccfa];ﬁr? | on exchange by
bat ch adsqgption on carboxynet hyl -Giaphbsex (Phar maci a)l4 esi n at pH 6

foll owed by sequential elution wt hla-nlM sodi um phosphate buffer

containi ng 0. 15M and 0. 60M sodi uf'@ % de fol | ovned byedl al ysis and

I 'yophi l'ization of the 0.60M sodi umgydt®ingle fraction, gel filtration on
a Sephadex G 75 (Pharnmacia) col u%a%& elution with 0. 1d§/| anmoni um bi car -
bonat,e, pte8.5 foll owed by |yophil M%n of the pool ed’high activity
fractions; so 4) i on exchangecloiomigar boxynet hyllcel | ul ose col um

| oaded in O0.1M amonium formate, p 0 and eluted wth.0.2M and 0. 6M
anmoni um fornate, pH 6.0, in sequeﬁ;c‘gl?‘bcf’r'b%\ed by |yoph?lization of the
active pool; 5) isoelectric focusivguaeind) trodex (LKB,1%aithersburg,

Mar yl and) N ng anpholytes frompH 3 to, pH 11; and 55 6) hydrophobic
reverse phase hi gh performance | | |’b°%‘}f$)%rrat ogr aphi c p'(JI’I fication of the
acidic mtogen on Vydac [err] sil ireemabellani€ col um T The Separations.

G oup, Hesperia, California). 4. 'I;pe PIpLess of Claim 35for the isolation
from bovigg& brain 18

Lysine ' 13
Arginine 6
Tryptophan _ 1

35

2. The acidic brain fibroblast growth factor of Claim 1, isolated from bovine brain.

40 3. A process for the isolation of acidic brain fibroblast growth factor in substantially pure form which
comprises the sequence of steps of:
1) extraction and differential salt precipitation from the source tissue by sequential treatments with
0.15M ammonium sulfate at pH 4.5; 1.52M ammonium sulfate at pH 6.75; and 3.41M ammonium
sulfate at pH 6.75 followed by dialysis and lyophilization of the high salt precipitate;

45 2) ion exchange by batch adsorption on carboxymethyl-Sephadex (Pharmacia) resin at pH 6 followed
by sequential elution with 0.1M sodium phosphate buffer containing 0.15M and 0.60M sodium
chiloride followed by dialysis and lyophilization of the 0.60M sodium chloride fraction,

3) gel filtration on a Sephadex G-75 {Pharmacia) column by elution with 0.1M ammonium bicar-
bonate, pH 8.5 followed by lyophilization of the pooled high activity fractions;

50 4) ion exchange on a carboxymethyl cellulose column loaded in 0.1M ammonium formate, pH 6.0
and eluted with 0.2M and 0.6M ammonium formate, pH 6.0, in sequence followed by lyophilization of
the active pool; :

5) isvelectric focusing in Ultrodex (LKB, Gaithersburg, Maryland) using ampholytes from pH 3 to pH
11; and

55 6) hydrophobic reverse phase high performance liquid chramatographic purification of the acidic

mitogen on Vydac C, silica based HPLC column (The Separations Group, Hesperia, California).

4. The process of Claim 3 for the isolation from bovine brain

8



8’ EP 0 131 150 B1. 5. A pharmaceutical growh pronotimg conposition

conprising a pharmaceutical carrier and an effective gr.op
anount of the fibroblast growth factor oép 6:11?.‘ 01_ 1Revenl“ﬂ'ﬂlmull mm“l
Facteur de croissance de fibroblaste cervical acCide sous For#re L :
essentiell ement pure, ayant une nmasse nol 6cul aire de 16 600 a 16 800

daltons et |a cenmophatrhdasuticl Jrolvthesiorddlind) BompakitionaddhrisingCa PrmPddbulEal carrier and an effective
Unites 10 Aci de asjamtt profticting damouhtiof At [lidiogiadl Qrowth fastdt ioNElaim 1.

9 15 Sdri ne 10 Aci de

gl ut am quel Réve@igations ne J 20

Prol i ne 5 7 dycine 14

Al ani ne 1. Facteur de croissance de fibrgdlaste cervical acide sous forme essentiellement pureCpyattaing enasse
4 VAline moléculaire de 16 600 & 16 808 dalteh$etdneomposition d'acides aminés suivante : 1

| sol™uci ne 6 30 Leuci ne 19

Tyr osi ne 7535@&\"&:3@ ne Unités - 7 35

Hi stidi ne 10 5_Lysi 13

Ar gi ni ne : 6A de aspartiquis 14

Trypt ophane Asparkg@iecur de oi ssance de fi brobl aste

cervical acide selon |a revendi cat @ﬁn 1. lsold du cerveauq de bovin. 45 3,
Procedd d'isg] ement du facteur ROMdNE: de fibroblasle cervical acide
sous forne essentiell enment pure, qsérqaﬁprend | a serie digtapes suivantes:
1) extraction et precipitation de g b d|ff6rent|ell Ie tissu source
par une serie de traitenents avec i} g&l &P& ‘§|UH1 15M a pH 4,5; du
sul fate d'ammoni um 1, 52M A pH 6, 75Glatadingo ulfate d anmonl um 3, 41
Ma_pH 6, 75, Ui vie de ia dialyse 5% gi ia Iyophlllsat|0n7du precipite a
forte teneur en sel; 2) echange d'i R 8 r adsorption par’ charges sur une
resi ne de carboxyndthyl Sephadexe GlyBhaenaci a) a pH 6, Buivie d une sé6rie
d' el utions avec du tanpon phosphatg ﬁ ﬁgdlUﬁ]O 1M contenant 0, 15M et 0, 60M

de chlorure de sodium suivie une di al yse et d'une Iyop ilisation de la
25 Cyste ine
Valine 5
Méthionine 1
30 Isoleucine 6
Leucine 19
Tyrosine '
. Phénylalanine 7
Histidine
Lysine 13
Y, | Arginine 6
40 Tryptophane 1

2. Facteur de croissance de fibroblaste cervical acide selon la revendication 1, isolé du cerveau de bovin.
45 :
3. Procédé d'isolement du facteur de croissance de fibroblaste cervical acide sous forme essentiellement
pure, qui comprend la série d'étapes suivantes :
1) extraction et précipitation de sel différentielle dans le tissu source par une série de traitements
avec du sulfate d’ammonium 0,15M & pH 4.,5; du sulfate d'ammonium 1,52M a pH 6,75; et du
50 sulfate d'ammonium 3,41M & pH 8,75, suivie de Ia dialyse et de la lyophilisation du précipité a forte
teneur en sel;
2) échange d'ions par adsorption par charges sur une résine de carboxyméthyl-Sephadex® -
{Pharmacia) & pH 8, suivie d'une série d'Slutions avec du tampon phosphate de sodium 0,1M
contenant 0,15M et 0,60M de chlorure de sodium, suivie d'une dialyse et d'une {yophilisation de 1a
55 fraction de chlorure de sodium 0,60M;
3) filtration sur gel sur une colonne de Sephadex® G-75 (Pharmacia) par éluﬁqn avec du bicarbonate
d'ammonium 0,1M, pH 8,5, suivie d'une lyophilisation des fractions combindes & forte activité;
4) échange d'ions sur une colonne de carboxyméthylcellulose chargée de formiate d'ammonium



58 = fraction de chlorure de sodiumO0,60M 3) filtration sur get—sur
une col onne de SephadexOs G 75 (Pharmacia) par elution TOE e
d' ammonium 0, IM pH 8,5, suivie d ung%'l ﬁq%'édé tion deﬂmmwl"mmlnmr
conbi ndes &.-forte activite; 4) echan PR Bl une col*onfie de ¥ s =
car boxym-t hyl cel | ul ose: charg6e de form ate d' amoni um’ 0,1 M pHG6,0, et

ei uee avec du foiphaha &b, aTEREs WRecOu Mdikte QrafiMoniBil dand ot 88IRACHT BloV SiEBEsivement,
operations sui Vi @gsrlioh \RivieY 80HY hdphidati ded Gctbrsd6hbidas aciagzbi n6es actives; 5)
i sobl ectrof ocal i $pkbshtrslamsatidh dbRAModbl B, dafotdBerh IMHIghd) Abrhayb BrathptdiyteERY B
d' amphol ytes de pH ppipel 11; et 5 6) purification par

chr omat ographi e Ie) gurific@ioh patt @rdatob@apHIE NGuiile Mats GaHainencéd hpdrbphbbd & po@éd B pRase
i nvers6es du m t agesissadu thitogdvl atitke sarolran tutonde del CIFPAA [basse del eilicd Miydae® \Gud e
C4 The Separ at | SagardpreuPoupHdesparia GalifoGi).i f orni e) . 4. Procede selon | a
reverdi cation 3, pour lisolation a partir du cerveau de bovin. 10 5.

Conposi ti on phdirenddéselondarevendication & anur Iiselation dipericdycerveaygpberimnt un vehi cul e
phar maceut® que et une quantit6 efficace pour favoriser |a croissance du
facteur de cPoi@amAdien Pbarmpgsrise fyerisanyda ¢reisspROpCARPTEREN Y §hicule phagnaceutique et une
Pat ent anspr UCc Hiwanfité efficacespoyy @ayoriggs g prpis3pestv-agians 8 Soisiadee: fboblpsie fea revendica-
wesent | i chen rd®hd&r Formmit einer nol ekul aren Masse von 16600 odor 16800

Dal t ons und ertfolggﬁden Am nosdur ezusammenset zung: 20 Am nosRure
Ei nhei t en "As PP IREEIPe1 _ 14 Asparagin
)S 2.6 1. Ein saurer Gehimfibrog-lggt\r?a%nét%sfaktor in i eﬁmiihen .reimlr Form mit einer molekularer?
erin Masse von 16600 oder 1%300 Daltons unnger ff)lggnq’e HihGAHb bR Mn?en;etzung:
16 30 utam nr Prolin
7 @dycin g 14 36
Al arti n Aminosiure 5 Cysteipinheiten
4 Valin A . .. 5 MethropLn
1 40 Isol eucin sparaglnsaure 6 Leutfn
19 Tyrosin Asparagin 7 Phenyl al anin
7 Histidinms . 5 Lysin
13 so Th?@%ﬁﬁ?n 2
6 Tryptophan Serin 1 10
Glutamins&ure 16
30 Glutamin
Prolin -7
Glycin 14
35 Alanin 5
Cystein 4
Valin S
(N Methionin 1
4
o Isoleucin 6
Leucin 19
Tyrosin 7
4% Phenylalanin 7
Histidin
Lysin 13
50 Arginin 6
Tryptophan 1

56 2. Der saure Gehirnfibroblastwachstumstaktor nach Anspruch 1, aus Rinderhirn isoliert.

3. Ein Verfahren flir die Isolierung eines sauren Gehimfibroblastwachstumsfaktors in im wesentlichen
reiner Form, das die Sequenz der Schritte umfasst:

10



s§ 2. *Der saure Gehirnfibroblastwachst unsfaktor nach “Anspruch 1
Ri nderhirn |soI|ert 3. Ein Verfahren f ier

Gehi nfi br obl ast wachst unsfaktors in im ngs;eon Jcsﬁ(?* reﬂmmum ir]“i
Sequenz der :Schritte unfasst; 10 * C L .MS* 1) Extradk ti‘on und : .
Di fferential sal zf Al {yuBgadibs e m.ﬁ&kn&%mmeauab&ud WrspRingsgévidbd AaT Juilii@fdefSigende
Behandl ungen mit O, denaddiuvAgernint o185 m! Anhoniisul@i Bu2 BndtipM @h 45, Twit 1153 MIAdkonlMinsuifat bei
Ammoni unsul fat be! éreRcpR Pin 6/28urd, 3/ M Mehrbnidrhsiat/ T BiNém! BB Wbif 6175, lgelolgEvdheDniiysblund
von 6,75, gefol gt veswieBtoaknysdes Mdcheas-Nieagrichiagknung -des

Hochsal z- Ni eder schl 2gmenabstausch durchBatch-ddsnaioss draelsnhCalbnxghetiBd Sephadea{RinpiacigfHarz bei
an el nem Car boxynet dinem- S piva d&: xgefdith amreeoisingndeldoigentise | Eidiomaemit BiH MoNat@umphosphatpufier,
gefol gt von auf ei naentheltend 04 tlend OE0M Natriumrhtori@) géfolot YatDialvgerpidoQesiirstrqokriufg der 0,60 M
entfial tend 0, 15 M uNpdiugrclBeridfekiers r i unchl orid, gefol gt von Dial yse und

Gef Mrer t rocknung ded Gfigationanaine %MP’O@V&(H’“&WP‘B‘ “‘SF”‘Q@?‘P?WH‘%\Q] ¥rf\mppniumbicar-
ei ner Sephad®¥ G 791°q¢tP5?%§?f8‘¥tVSﬂ @pidertiopkeung der gepannelipn Fraftigneg,mit hoher Aktivitat,
Anmoni unbi car- ro 4 lonenayyauseh anipep Carbo @P‘BY:EJ'”'?FS??“&’PW@H P 8K dyropiupformiat, pH
gesammel ten Frakti o%ri‘“l‘h ﬂ'"‘ﬂﬂ??é‘?erﬂ‘f'?’(/ a2 Myund G i ACrQuWRiigh i fd gefolgt von

ﬁgbg:(%[rgf, len;ﬁ:jle:ﬂl 5§ n m' ] o si I'tr Ien é‘ AVI q%[r)snhru mgw@nciil tUnﬁPge%erdung von
%I}é (Ii rg algéo Uikl pﬁelgSrr cﬁgl'ﬁck Ussi keitschroma—
-hﬁ. gl

Focusl erung in U tr
15 Anmphol yteq., zu el nem pH von 11 un

Rei ni gung des sauren Mtogens durch hydr ophobe

Unkehr phas engHagc hgisekifdnsaikRbheod irdB solloREy aRlHideman ei ner Vydac C4-,

auf, Ki esel erde basi erenden HPLC- Saul e (The Separations G oup. Hesperi a,

Cal TTorni a). 2®. 4EindpharEle{iti et RachaEhsiNIG o URU3ardmbrisstzuihy. S erltitalenid €dinsn Ophatttzeutischen
Ri nderhim 5. El nedgenand@imcwitksaevachsnedstirdeneé Meoger ded Eibibissimarbswgerfaktorsgiach Anspruch
ent hal tend ei nen pharmazeuti schen Tr~ger und ei ne w rksane

wachst unsf 6rader nde Menge des Fi brobl ast wachst unsf akt ors nach Anspruch 1. 25
30 35 40 45 50 55

gefol gt von frler
gsel ?f Ui 8L sayie" tioh®'& roup,
von
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