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Tlle present invention relates to a prOCeS$ of recovering 

Apolipoprotein A"'I (Apo A-I) from atlApo A,...! containing 

5 protein fraction. 

HUman Apolipoprote:in A-I is the major protein component of 

{HDL} , which is an important lipoprotein in blood, It is 

synthesized by the liver anaintest.ineand is responsible 

10 for the physiological 1:'unction of HDL in the blood; the 

removal of cholesterol from peripheral tissues I oarrying 

it back either to the liver or to other lipoproteinst by a 

mechanism kno'Wnas Ulteverse cholesteroltJ;:"ansport " (ReT). 

':rna clear cqrrelation between elevated levels of serum 

15 cholesterol and the: developmen.t of co:r:onary heart disea$e 

has been repe.atedly coof:l.rmed, based on epidemiological 

and longitudinal studies. 

Hence, Apo A-I in HDL 

inflammatory function and 

is thp'llgbt 

to l:'estrain 

to 

the 

have an anti,..,. 

occurrence and 

20 development of CHD. Fttrthermore l Ape> A.,.I has shown two 

dec:rease tbe Low D~$ity Lipoproteins (LDL) level in the 

blood and is known to bind to endotoxins, thus having a 

major role in the anti."endotoxin ft.Ulction of HDL. 

The "protective Jf role of lIDI., and Apo A...,I as its major 

25 component has been confirmed in a number of stuqies making 

Apo A- I a promising candidate (particularly as part of a 

reconstituted HDL) for applications in atheroscleros:i.s 



treatment 1 acute coronary syndrome treatment (ACe), all..t:i-

inflammation treatment, 

targeting drv,gs, etc, 

antitoxin treatment, liver-

Human blood plasma is nowadays collect~d in large amounts. 

5 and pro.c;:essedt::o individual fractions Some of which 

contain apolipoprotein ~~-r. The fractions may be produced 

by ethanol fractionation acaoxding to a procedure 

origipa,lly developed in tne Doi ted States and known as 

cohn or Cohh:-Oncley m.ethods [E. J, Cohn et al., J. Am. 

10 Chem, Soc. 68, 4$9-475, 1946; J. L. Oualey at al' J J. Am. 

Chern. Soc. 71¥ 541,-550$ 1!il~91. Flt;isma fractions containing 

apolipoproteins may also be produced by a variant of this 

method, the I<istler-Nitachma:on procedv;re (R. N"itschll,'l.ann et 
al ... Relv. Chim, Acta 37, 866-873, 1954; P. Kistler and. H. 

~s Nitschmanp., Vox Sang 7 t 414-444( 1~62J. Both metnods are 

based on differential precipitation in alcohol. 

VariOus approaches have been described in the literature 

to r¢cover apolipoprotein A-I frometllanol precipitation 

fractions; 

2Q tiS $~OS9,602 fol:' instance, relates to the preparation of 

apolipoproteins from fractions of human blood plasma or 

Serum by resuspending the fractions in an aqUeous buffer 

solution in the pH range :3 to 5 or 6 to 9. Undesirable 

contaminants are precipitated by addition of a shortchl;\in 

25 a,liphatic alcohol. Use is made of buffers containing high 

ethanOl concentrations (68 ... 96% ethanol, for p.recipitating 

contaminants. Potential aggregation of lipOProteins is 

inhibited through elevated temperature tS1ightly alkaline 

pli, or by the addition ofc:haotropic agents or surface-
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active substances, which is subsequently removed by gel 

filtration. An anion-exchange chromatography step is 

included to bind the contam,inant;.s, while the 

a,polipoproteins pass through. 

Kim et aJ.. I 

Reconstituted 
M'.a,nut~ct:uring and Shel f 

Hi.gh-.density Lipoprotein 

Stability of 

for Infusion 

Ther~pYt :Siotec}:mp;Logy and Bioprocess Engineering 16, 785-

792 {2011} disclose tbe use of extraction buffers ." .. 

contailling urea in a concentration of 6 M. 

10 .A combination oiche two above mentioned methQds is 

described. in WO 98/07751 for recovering apolipoprotein A 

{APo A-l} or apolipoprotein E (ApoE) from human p1ilsma. 

Said document discloses a process comprising at least one 

pre-purification step through the use of an extraction 

lS buf fer containing 8 M urea anc1 a furthe1:: purif icat.ion step 

using anion-exchange chromatography. In. WO S8/07751, 1% 

recovery of ApbA~I re.su;l ted from experiments using an 

extraction buffer comprising 20% etl1anol, W02009/02S'154 

te<iches methods to separateApo A-I from alpha-l 

20 ant.itrypsin inc1:Ud1.ng the :use of lower ethanol 

conoentrations (8 to. 1.4.%:) to precipitate Apo A-I, 

Other methods s\lch as ttl tra -speed centrifuge and high 

performance liquid chromatography (HPLC) al."e also U$e<l to 

recover Ape A-I. However, the preparation of Apo A-I is 

25 extremely time~consUlning and only minor quan.tities of Apo 

A-I can be prepared by these methods. These methods are 

therefore not suitable for an industrial production of Apo 

A-I. 
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Thus t there rem.ains a .need .for a .. methOd for extracting-and 

recovering Apo A-r from Apo A-I containing protein 

fractious, which is suitahle for large-scale production 

anq which allows for acquiring Apo A,...I in a high yield. 

Provided herein a.re proces$esof Qbtaining Apo A-I from an 

Ape A-I con.taining protein fraction {A} ,comprising 

a} suspendipg theA-po A- r containing prot.ein t.J:.a.ction in a 
buffel.~ solution comprising 15 to 30% of a linear or 

10 branched C1 to C-t alcohol (w/w) to form a suspension, 

wherein the suspended Apo A-I. containing protein fraction 

tAl has a pH. in the range from 6. 4 to 10. 0 I (b) removing 

impurities from the susJ;>ension \lthile keeping the ApO A.-I 

proteins Solubilized, (c) precipitating Apo A-I from the 

15 suspension I and (d} collecting-the Apo A..,! precipitate. 

Insorne embodiments. the buffer S91ution comprises 20% Q~ 

the linear Qr branched C1 to c4 alcohol (w/w). In some 

embodiments, the suspended Apo A-I containing protein 

fraction fA) has a pH in the range from 8. 1. to 8. S; In 

2.0 some e·rnbodiments, the the suspended Apo A-, I containing 

protein fraction (AJ has a PH in the range f:t'om 7,0 to 

7.6. In some embodiments thebl,l.ffer solution comp.:rdses S 

mM to 35 roM NaHC03. In some embodiments r the linear or 

branched C1 to C4 alcohol is etbano1. 

25 In some embodim.e:nts, the volume ratiQ of Apo A-I protein 

fraction to buffer solution at step (a) is from 1; 1 to 

1:5. 

In sOme embodiments t the suspension formed at step (a) has 

a conductivity of 1e$$ than 5 mS/cm. 
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In some embodiments I impurities are removed in step {b} by 

precipit.ation by atiding linear or branched Cl to C4 alcohol 

to an alcohol concent.ratiOll of 45 to 65% (wlw). In some 

embodiment.s I the linearoz' branched CJ. to C4 alcohol added 

sat st~p (b) has a temperature of abOUt ~ S 0(; to l.5 Q C , In 

some embodiments, the impurities precipitated at stefl (b) 

are 

centrifugation, 

sedimentation. 

from the suspension by filtration t 

decantation, ultraf i.l tration a:ad./ or 

10 In some eqiliodiments, in step {c}, the pH of the suspension 

is adj uated in the range from 4. 6 to 5. 6 . In some 

ern}::)odimel'lta, in step (0). the suspension has a temperature 

of -2. to 20 QC forpreci~itation of Apo A-I. 

In a.cco~oe with any embodim.ents, the process may 

15 further comprise step fe), wherein the collected Apo A-I 

precipitate is delipidated, such.;ts through aCidition of 

alcohol for ex:ample ethanol at a concentrationf:tdnl within 
the range from about 40% toal:>out 96% ethanol (w!w) ,In 

particulax embodiments the collected Ape A-I precipitate 

20 is delipidated thro\tgh the ad.Q.it~ion of ethanol to a 

Goncentratioll Qf' about 40\ i or of abOUt 50%:, The ethanol 

can be any pharma.ceutical gra<ie ethanol. In partiCUlar 

embodim.ents of the invention the ethanol is a 95% 

phaJ:maceutical ~l.~ade et;1:lanol (3A containing 5% methanol) . 

2S In accordance with some embodiments/the process yields 

plJ.rifieq Apo A-X at a yield of at least 0.50 giL plasma. 

In another aspect of the pre:senti'nvention, there is 

provided a purified ApO A-I comprising; fa) less than 0 + 3 

mg: of IgA per gram of Apo A-I. 



Also provided is Apo A-I obt.ained by any process as 

descriped herein, phat;maceutical oomposi tiona comprising 

such A:po A- I and a pharmaceutically acceptable carrier or 

diluent and/or methods of producing such cOtrt:positions. 

:5 Also provide9. is :r;econstituted Hot prepared from. ApO A- I 

obtained by any process as descril::!ed berein1 

pharmaceutical Qomposit.ions comprising such reconstituted 

HDL and a pharmac¢utically accept~le carrier or diluent 

and/or methods of producing reconsti.tuted HDL and/or 

10 composi·tions oompr;Lsing same. 

Fig. 1 

1S 

Fig. 2 

Fig. 3 

25 

IntluEmce 

COtlCeutration( 

of h\lffer 

ethanol 

volu.me, buffer 

concentration! 

temperature, pH ami mixing time on Apo A,..! 

yield. Fig .. 1 Shows that the yield of Apo A- I 

obtai:ned fl:"om plasrna is maximized when using a 

buffer solution {B} lower 

qoncentrations of etbanol. 

Influence of ethanol concentration and pH on .Apo 

A,.. I yield. Fig.2 shows that the yield of Apo A-I 

obtained from plasma is maximized when using ;i 

buffer solution (B) comprising ethanol in a 

concentration within the range of is and 30%. 

Contour plot presenting the impact of ethanol 

con.centration and pH on Apo A~ I yield.. Fig, 3 

further shows the influence of the PI{ on the Apo 

A- t yield when using an ethanol concentration 

within the range from 20 to 50%. The yield .is 
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20 

Fig- 4 

Fig. 5 
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maximized when ApCiA-I is suspended in a buffer 

solution (B} GQroprising an etllc:l.nol in .;J. 

concentration within the range of lS and 30% and 

apR of the s'U.spensionwi thin the range from 6.4 

to :U). O. 

Fitted line plot ~llowing the influence of 

ethanol concentration on Apo A~ I yield. Fig.4 

shows th~t:; the yield of Apo A-I obtainedfroro 

plasma is maximized when using a buffer solution 

(E) comprising ethpnol in at. concen:tration within 

the range of 15 and 30%. 

proteolytic activity (A) and Non~activated 

partial thromboplast.in time (Nal?T'l') clotting 

time (B) in. Apo A-I precipitate (step <:l') 

purified by the method described in Example 6:. 

Fig.5 shows that minimizing the cool down time 

during the resolubil.izationof Fraction IV 

material :J::"¢<luces proteolytic activity Cll)d 

clotting fact.or activation inthepuri.fied Apo 

~-I prepara.tions. 

Described herein are processes ofO:Ptaining Apo A-I from 

an Apo A-! containing protein fraction (A} I comprising th~ 

steps of! (.a) suspending an Apo Awl containing protein 

25 fraction (A) in a buffer $olution (:B) comprising 15 to 30% 

of a litlear or branched Cl to C4 al<;ohol (w/w) t wherein 

the suspended Apo A-I containing protein fraction (A) has 

a pH in the range from 6.4 to 10.0 I and (b} removing 
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impurities from the suspension while keeping the Apo A-I 

proteins s'Oluhilized. In particular embodiment.s , step fbi 

is followed by (c) precipitatin.g· Apo A-I from the 

suspension( and, optional1Yt (d) collecting the Apo A-I 

5 precipi ta te . 

Tuthe context of the processes described herein, the term 

"suspending al'l Apo A-! cont.aining protei.n fraction" mea.ns 

solubilising the Apo- I containing protein fraction, thus 

bringing into solution. at le.ast a major part of the 

10 protein fraction. 

Surprisingly, it has been found that if the Apo A-I 

containing protein fraction (Po..) is solubilized in a volume 
of buffer solution (B) comprj,sing 15 to 30% of a linear or 

branched Cl to C4 alcohol (w/w) " .. herein the suspended Ape 

25 A~ I containing protein fract.ion {A) has a pH in the range: 

from 6. '* to 1.0. 0 i incl ud.ing 6. 4 to 7. 5 or 8.1 to 8. 5, much 

more A.po A-I proteins can be suspended in a given buffer 

vohlme than with the previously known methods, even 

withQut theaddi tion of chaotropic substances such as 

;,10 urea. Therefore, the amount of Apo A- I obtained from the 

starting fraction (A) can be increa.sed substClrttia.l1y as 

compared to preViously known methods. 

These findings are particularly noteworthy I since 

according to the state of the art, alcohol concentrations 

25 in the range of 15 to 30% (w/w) are insufficient for 

solubilizing the Apo A-I prot.eins, leading to very low 

yields. 

Contrary to these 84-pectations { in some embodiments, the 

unique combination of pH and alcohol concentration 



9 

according' to the processe.s described herein achieve:/? 

purified Apo A-I\>.Ti'tb a yield of Apo A~Iot at least 0.50 

grams/Liter of plasma (giL plaema). In some. ~mbodimentf1t 

at l~aetO. 60 giL plasma of Apo: A"'I is obtained by the 

5 processes described he:t"ein{at step bl. In oontrast, when 

the amount pf ethanol exceeds 30% w/w then the Apo A-I 

recovery is .lower. For ex:ample, at 4$% w/w the recovery 

ofApo A-I is appr.oxima.tely 0.12 giL plasmal indicating 

that the methods described herein are a.ble to increase Apo 

lOAwI recoveries by at least 300%. 

The processes described herein provide a simpler and more 

economical way o! solubili2ing Apo A-I than suggested in 

the re.lated art. Also ,thereduced explosion ha~ard due to 

the Ul:~e of lower concentrations of the linear or branched 

:is Cl to 4 alcohol offers ~dvantageB of lower costs with 

.regarp to the oons:tl"'u.ction pf the manufacturing unit for 

the precipita.tio:n step. 

1"urtherntore, in embodiments where the pH range of the 

suspended Apo A-I containing protein fraction (A) is from 

20 6 .4 to 9. () ~ thi.s pH level is believed to prevent 

deamidation of the proteins, thereby leading tea reduced 

risk that the resulting biopharmaceutical drugs will be 

immunogenic. In some embodiment.s the suspended ApO A-I 

containing protein f;raction (A) has a pH in the range from 

25 Ei.4 to 9" 0, includingf.rom. 7. 2tb 8.8/ or from 8.0 to e. 6, 

01; from 8. 1 to 8. S r or from 8. Z t08 . 4 # Or from 6.4 to 

7.4. 

The processes descriped herElin are fast, robust, specific 

and safe, and provide an improved yield and purity of the 

30 product of interest during precessing. Therefore, the 
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processes described herein ar~ particularly \I,tell suited 

fer use in. large""'scale purification of Apo A-I. suitable 

for large-seal.e purification in the context of this 

disclosure means purification starting from tens of 

5 kilograms of a starting lliate.rial such as a human plasma 

fraction i for example starting from 50 kilog:ramso:t morel 

such as. 500 kilograms! of a Apo A-I protein con.taip.ing 

starting- fraction. 

As used herein., flplasmal! refers to liquid. blood components 

;to and includes pla.sma derivatives, and pJ,a.sma-contain,ing 

compositions. 

The present processes thereby facilitate an improved and 

acceptab.lebalance between yield of product and economy 

invol ved, compared to the conventionally used methods '. 

15 The processes will now be. illu.stri;iteq. with regard to 

speci,Ciq embodiments. It is to be understood from the 

followihg description that the invention includes iilll 

permutations and combinations of the diff:erent embodimentl? 

of the different steps, compollen1;:.s I and parameters 

2:0 illustrated below , 

lmystarting material comprising Apo A-I can be used in 

the methods described nerein, suc;:h as any st~rting 

m~terial containing a. substantial amount of Apo A-I, such 

as any unpurified mixtures of proteins containing a 

25 substantia.l amount Apo A-X. 

The term IIApa A-I1r refers to. Apo A-I proteins and 

fractions the.rebf. Typically I the apolipoprot:'(i!in A-;r is 

either a, plasma-derived or recombinantapolipoprotein A,.I 
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scuohas Apo A.,.::r, pl."'o-apO-Al ora variant such as ~po A-I 

Milano or so called oxidi1tion resistant forms such as 4WF. 

In some embodiments, the apolipoprotein A-;r is plasma 

qerived Apo A~!. Also contemplated are biologically-active 

s fragments of the apo;t.ipoprotein A-I. Fragments may be 

naturally occurring,chemical s:yntheticor recombina~t. 

According to apecif.ic embodiments, the starting material 

is an Apo A-I containing protein fraction (A), such as one 

selected from a fraction of hUmal1 plasma such as. plasma 

10 fraction IV- I or IV (sometimes also refe·r'red to as 

Precipitate IV or siiuilar), for instance, obtained by cold 

ethanol fractionatiQnof human plasma according to the 

Cohn Fractionation method or the Kist:lera:nd Nitscbmann 

method or Qthersimilar methods. Other examples can 

15 include ammonium sulfate precipit~tes which cOlitainApo ].\.­

:::r, When us.ing plasma fraction IV as its raw materiaL the 

processes described he;r"ein. offer the advantage of making 

full use of plasma resources. In partic1.tlar etnbodiment$, 

the atarting material is a Fraction IV or a Cohn Fraction 

40 IV1 or a Cohn Fraction IV4 or a similCilr Fraction. In 

further specifice:ml;>odiments{ the starting material is 

derived from a Fraction IV precipita.te. Other .A.:p.oA-l 

containing protein fractions (A) 

which alpha-l-antitrypsin (AAT) 

can include those in 

has been previously 

2$ removed for separate manufacture into an MT thera~eutic 

product, such as Z~aira·!M. Examples of s't,lch APO A ... r 

containing p.rotein fractions are descrl;Ped in we 
2009/025754. The AAT can be separated f:rom the Ape A~I by 

i} treating a starting human plasma fraction compri~3ing 

30 Apo A-I and AA'! to separate an Apo A-I containing fraction 

from an AAT contain:ing fraction, comprising a) optionally 



12 

treating tbe starting human plasma fraction which is used 

as the starting material such that both Apo A-'r and AAT 

are sQlubilized; b) precipitating the solubilized Apo A-I 

by aq<.'iing ethanol to a concentration of & .... 14% 'ii/v and 

5 adjusting the pH to about 5 to ~:P9ut 6 so that Apo A-I 

pre'cipitates and AAT remains in solution; alid c) 

separating precipi.tated Apo A-J'; from the solution 

containing AAT. ':t'h:f.s precipitated Ap6 A-I, in particular 

embodiments of the present invent. ion. is the Apo A ... r 

10 containing protein fraction (A) . Tile starting human 

plasma fraction comprising MT and Apo A~I can be selected 

from one or more o.f Fract:i.oIl·IV~I or IV (sometimes also 

referred to as Precipitate IV or ·similar) obtained by cold 

ethanol fractiona,tio;o.of human plasma according to the 

~s Cohn Fract ionation method or the Kistler and Ni tschmann 

method or other similar methods. In some instances these 

fractions may be referred to as Cohn fractions IV¥ 

precipitates from Kistler-Nitscb.mann supe.rnatants A and 

A+~ (e.g. precipitate A + IV). Other laxamples can include 

2Q ammonium ~ulfate precipitate!3 which contain AAT and Apo A~ 

I. In some embodirnent!3 the. Ape A-I containing protein 

fraction comprises a. finely divided silicon dioxide, such 
as Aero::; i l'm, 

The Apo A-I containing protein fraqtion ad is suspe.nded 

25 il".): a huffersolution (B) comprising 1$ to 30% of a linear 

or branched C1 to C4 alcohol (w/w) and the suspended Apo 

A-I containing protein fraction (A) has a pH in the range 

from 6. 4 to 10 . 0 . In some embodiments the pH of the 

suspended Ape A-I containing protein fraction {Al is 

3.0 adjusted in the rangce 6.4 to ~O . 0 after the A.po A- I 
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containing protein fraction (A) has been su.spended ill the 

buffer solution {B). 

In Some embodiments the buffer sol::qtion, (B) for 

sqlubiliziug the Apo A .. :t protein fraction (A} comprise9 16 

5 to 28%, or 17 to 26%'/ or 18 to 24% or 19 to 22% of the 

linear or branched Ci to C. alcohol (w/w). 

In some embodiment S T the buffer solution (a) for 

solubili.?iing the Apo A-I prot~il1 fraotioh{A} comprises 

20% of the linear or branched C1 to C" alcohol (w/w). This 

10 low alcohol, copcentration comparec;t to prior art methods is 

not only beneficial from an ecopomicalpoin,t. of view l1ut 

also allows for;!SoltJbilizing an increased amount. of the 

Apo A-I protein fraction (1\), incre~sing the overall yield 

of pu.rified Apo A-I from a given amount of starting 

15 material. 

Insolne embodimente t the huffer solutiqn (B) has iii pa in 

the rqnge from (;).4 to 10.0; including' from 6.4 to 9. 0 o:r .. 

from 7.2- to 8.8 or from 8.0 to 8,6 or from 6.4 to '7.4. In 
more ep~cific etnl::J.Oc;Ument.s t the pH of the buffer solution 

20 {:a) is in the range from 8.1 toe. 5, such as 8.3. 'rhese pH 

ranges are believed to minimize deamination and 

denatut'ation of Apo A-I proteins. 

In other more specific embodiments, the pH of the buffer 

solution {ll) is in the range from 7.0 to 7.4/ such as 7.3. 

25 This pH range is believed to minimize deamination and 

denaturation of Apo A~I proteins. 

The buffer solution (S) Gan be prepared with any suitable 

salt. One suitable salt for preparing the buffer solution 
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(IS) is .NaECO~ . NaHC01is low in price and commercially 

available ill l?l.rge amQunts~ and thus is well suited for 

industrial scale applications. In ~qme emboq.iments¥ the 

buetersolution (B) comprises 5 mM to 35 mM Na.HC03, su.oh as 

5 15 roM or 25 roM NaHCOa. These buff(::!x c9nditionsnave b(::!Em 

shown to be pax-ticularly effective for solubilizing the 

Apo A-I protein fraction (A). In addition, NaH003 is 

particularly advantageous due to its low toxicity and ease 

of use. However, other suitable bu.££e;ring agents maybe 

1.0 also used. The choice of buffering agent should take into 

account that the. particular agent needs to be both 

biologically compE!.tible and pos$ess good solubility 

propel.~ties in. aqueoUs/alcohol solutions. 

For of price, toxicity and ind:ustrial 

1& applicability. the linear or branched Cl to C, alcohol is 

typiGal1y ethanol;. :!EthanOl has the further advantage of 

bein:9 easy to handJ..e and also being suitable for 

industrial applications. Yet I apart from ethanCil l other 

alcohols sUGh as t1le~nol, n-propanol or isopropanolf n-

2.0 butanol., sec-butanol, isobutanol or tart-butanol are 

suitable tor U$e in the presen:tly <iescribed proceSSes. 

When ethanol is used.. the ethano.l .l.stypically any 

pharmaceutical grade ethanol. In particu.lar embodiments 

of the invention, the ethanol. is a 96% pharmaceutical 

2!5 grade ethanol (e. g. 94 % ethanol and 2% methyl ethyl ketone 

(MEK) J . In partiqula,r embodimepts of the invention the 

ethane.l is a 9$% pharmaceutical grade ethanol (3A 

containing S~ 1l1etha;r:tol) . 

To minimise coagulation. factor and protease activation t 

30 the temperature of the suspension of the Apo A~I 
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containing protein fraction {M {such as for. ex~mple 

Fraction IV} in buffer (B) is cooled to 1.0 ± O.S °C 

within about 90 minu.tes of the buffer (8) contacting the 

A,:po A-!containing p:rotein fraction (Al. In particular 

5 emhodiment$ I the suspension is cooled to ~. 0 ± 0 . 5 cc 

within about 60 minutes of the buffer B Gonta.cting the Apo 

A-I containing protein fraction (A) (e,g. Fraction IV). 

In some embodiments after the Apo A - I fraction (l~) is 

suspended in buffer (B), the pH of the sU$pension is 

10 adjusted, if necessary, to be lD the range from 6,4 to 

lO • {} , such as in the r,;m9·e from 7. 0 to 7. 4 I such as 7. 3 or 

such as is in the range from 8.1 to 8.5. such as B.3. 

In order to facilitate the suspension of ApO A-I in the 

buffer (B) I the buffer (B) can have a temperature of about 

15 10°C to 26~CI including about 10°C to 16°C, such as about 

13 QC f when it is contacted wi th the Ape A-I containing 

protein fraction (A). 

In some embodiments,the volume ratio of protein fraction 

(A) to buffe::t'" solution (B) is from J.: 1 to 1; 5 I such as 

20 1 ~ 2. The use of low volume ratios of ApoA- I fraction {A} 

to buffer solu.tion {B} is particularly beneficial in 

industrial scale production for reduc ing the costs of 

material and storage of the buffer solution. 

:tu some embodiments, the conductivity of the suspension is 

2S less tharl 5 mS/cm t such as in the range of from O. S to 1.0 

mS/cm. 

As outlined a.'Qove, after solubilisation of '~po A-I 

containing protein fraction (Al in the buffer solution 

{B) I impurities such as other undesired protei.ns or other 
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cow.ponents present in the Apo A-I protein fraction {A, are 

removed from the suspension, while Apo A-I proteins are 

kept in solution (step Co} } . In some embodiments I 

impurities axe precipitated hyadding linear or branched 

5 C1 to C4 alcohol to an alcohol concentration of 45 to 55%' 

(w/w) 1 SUCh as 50 % {wjt,<i} or 60 % (w/w). This range is 

believed to be effective fol' solubilizing many protein 

components except for .Apo A~r. This purification step 

therefore offers a bighly specific and effective way to 

10 separate A:po A-I from other undesired components. 

In order to facilitate the preCipitation of impurities, 

the linear or branched (;1, to C" alcohol added to the 

suspension may have a ternperatu;-ce of about -5()C to 30 OCt 

such as about sec. 

is In some embodiments the linear or branched C1 to C4 

al<::ohol. is ethanol. In part icular embodiments the ethanol 

c011centration is in the range from 55%t6 65% (w/w). 

The pH is maintained in the range from 6.4 to 10. In some 

embodiments the p.H: is in the range from 6.4 to 9 . 0 i 

20 including from 7 . .2 to 8. Stor from e.o to$. 6, or from 8.1 

to a.5, or from 8 . .2 to 8.4, or from 6.4 to 7.4. 

Insorn€: embodiments, the precipitated impurities a1."8. 

removect from the suspension by any known process I such as 

filtration, centrifugation, decantation, ultrafiltration 

25 and/or sedimenta.t,ion. 111 some embodiments, impurities are 

removed by filtration. In accordance with these 

embodiments, the filt·ers can be chosen specifically to 

retain t.he precipitated impurities but not the desired 

product Ie. g . I not the desired Apo A ~ I proteins. Fi lters 
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useful il1 such processes include polypropylene filter 

sheets and CH9 cellulose filter sheets. 

In some embodiments 1 after imput'i ties have been removed, 

ApO A-I is precipitated from the suspension (step (c}). 

5 This Apo A-I precipitation may be effected by adjusting 

the pH of the suspension to a pH in the :range from 4.6 to 

5.6, such as 5.4. In this pH rar1ge, precipitation of Apo 

A- I is believed to be highly selective? such that other 

undesired proteins may be kept in solution. 

l.Z1 In some embodiments, the temperature of the suspension is 

adjusted (if necessary) to a range from -2 to 20 o C, for 

precipitating Apo A-I. 

In some embodiments, the Apo A.-l precipitate is collected 

(step (d}). In accordance with these emboo.imentst after 

15 precipitating Apo A~I, a filter aid which facilitates the 

passage of the li.quid through the filter may .be added to 

the suspension. :f'ilter aids are inorganic mineral powders 

or organit;; fibrous materials which are used in combinat.ion 

with filtl~atibn hardware to enhance filtration 

20 performance. Commonly encountered filter aids include 

diatomite. perlite and cellulose. Suitable filter aids 

are knovm in the art and include Celite™ 574 filter aid. 

In some ernbodiments, the.Apo A-I precipitate is collected 

25 by any suitable method, such as those noted above for 

filtratiotl of impurities. In some embodiments., the Apo l>~-I 

precipitat.e is collected by filtrattan. in accordance 

with these embodiments, the filters can be chosen such 

that the desired Apo A-I proteins are retained, \ .. hereas 

30 other smaller components pass through the f i 1 ter pores. 
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In specific embodiment$rthe process furt.her comprises 

using a washing solution. to remove impurities from 

precipitatedApo A~!. The washing solution may be water or 

a suitable washing buffer. 1f a wQtshing step is used, the 

5 w'ashing is carried out such that the Apo A-I proteins stay 

on the filter f while impurities are dissolved and washed 

According to further specific embodiments I the process 

comprises a further step (e} t Where the collected Apo A~I 

10 precipitate is delipidated, such as through addition of 

alcohol for example ethanol at a. concentration from \'\Tithin 

the range from about 40% to about 96% ethanol (w/w}. 

Iipidated ff in the c()nte;.~t of the p.resently described 

processes means the removal of lipids, thus reducing the 

15 lipid content of the Apo A-I product. 

Delipidated Apo J>.-1 preCipitate (a purified Apo A-I) can 

be stored at or below -20°C for a period of up to one year 

wi thout loss in the proteins;fllnct:Lonali ty. 

The Apo A~l derived from the processes of the present: 

20 invention can additionally be subject to dedicated virus 

reduction steps (virus inactiva..tion and/or virusrembval) 

to enS'l..~re virus pathogen removaL Common virus 

inactivation technologies include physical methods such as 

the classical pasteurization proceduxe {60°C heating for 

25 10 hours} I short wavelength ul tra..,violet light 

irradiation, or gamma irrad.iation and chemical methods 

such as sol vent detergent or low PH incubation. Virus 

removal technologies include size exclusion methods such 

as virus filtration whicb is also oft.en referred to as 

30 nanofiltration. These virus filtration met.hods have been 
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shown to be effective methodsfoJe removing viruses from 

protein SOhlt.l.,Ons. In some embodiments the purified Apo 

A-I of the present invention is su1.:)ject to a virus 
reduction procedure such as heat inactivation and/or virus 

5 filtration as descri~d in :&":1>1l179755.1, 

lO 

15 

The present invention provides a purifiedApo A-I 

characterized bytne followin.gproperties: 

Ca} less than 0.3 mg of 19A per gram of Apo A-Ij 

(bi less than 0.7 mg ot IgO per gram of Apo A-I; 

(c) less than (LOS rog of IgM. per grant of Apo A-I; 

(d) less than 4.9. mg of h~Ptoglobin per gram Qf 

Apo A-X; 

fe) less than 2. 7mg of hemopexin per gram of Apo 

A-I; 

(f) less than 6.4 mg of fibrinogen per gram of Apo 

A-I; 

(g}less than o. 9 mg of ceruloplasmin per gram of 

Apo A-Ii 

(h) less tnan 14.6 mg ofalbumfI1. per grant of Apo 

20 A-I; 

(i) less than. 2.3- rng of alpha ... 2 .. macroglobulin l:'er 

gram of Apo A¥I; 

(j) less tban 12 mg of alpha-l.,.antitrypsin pex:' 

gram of Apo A-I; and 

25 (k) less than :>. 9mg of tranSferrin per gram of 

Apo A-I. 

The content of the proteins can be determined by 

nephelometry, Tne Apo A-:t content can also he determined 

USing high performance capillary electrophoresis. 
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In allotn~r aspect of the present invention, there i~ 

proV'ided a purified Apo A-I comprising: {a} less than O~3 

lUg of IgA pe.r gram of Apo A,...1. In particular embo<iiments 

t'lJ.e .Apo .A- r preparation comprises less than 0 .2trtg ·0£ IgA 

5 per gram of Apo A~!; or J,ess thii.n 0,1 mg of IgApeI' gram 

of Apo A.~!;. or leBS than 0.075 mg of Ig'A per gram of Apo 

A-I; or less than 0.05 mg 0·£ IgA per ·gram of Apo ;A:·I; or 

less than 0,02 mg of 19A per gram of Apo A~:r. It is 

advantageotls to have a lowIgA purity level a.e it can 

10 potentially affect; the safety profile of pharmaceutical 

preparations comprising the Apo A-I preparation with lower 

levels desir-able to minitnize the risk of anti-!gA 

formation in !g:A deficient patients. This condition iE! 

the most common primary antibody defioie.ncyef£ecting 

lS about 1 :133 people and as the condition ie relatively mild 

it often goes: U1;l:l7ecognized in effected people, 

25-

Pu.rified Apo A- I as herei$efore deE!cr:iJ:)ed can he 

fOrffitllated into pharmaceuticalcomposi tions, such as into 

reconstituted unI. for therap.eutic use. Such pharmaceutioal 

composi tion.s a pharmaceutically accept:~le 

carrier or 

may include 

t;iiluent. NQn-limi.ting of 

pharmaceutically acceptable carriers or diltlents incluge 

water l 

buffers, 

emulsifiers, 

stabilizers, 

binders., 

salts I 

fillers t sUl;'factants, 

alcohols and polyols, 

detersentsl 

and. othe_r 

thereto. 

proteins and peptides, lipids, gums, sugars 

carbohydrates, although without limitation 

Reconstituted HDL may, in a.d(iition to Apo-A..!. comprise one 

or more of a lipid t a detergent and a stabilizer, although 

30 without limitation thereto. Non-limiting exampl.es of 
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lipids include phospholipids) cholesterol I cholesterol­

esters t fatty acidsandjor triglyc:erides. Preferably ( the 

lipid is a phospholipid. Non-limiting examples of 

phospholipids include phosphatidylcholine (pc) (leci thi:n) f 

5 phosphatidic acid, phosphatidylethan.olamine (PE) 

{cephalin} J phosphatidylglycerol (PG) , phosphat idyl serine 

{PS) I phosphatidylino$itol (PI) and sphingomyelin (SM) or 

natural or synthetic derivat.ives thereof. Stabilizers may 

be a carboh~~ldrate such as a sugar (e.g. su.crose} or a 

10 sugar alcohol (e. 9 + mannitol or sOl-bitol), although 

without limitation thereto. If present, the detergent may 

be any ionic (e. g cationic, anionic) Zwitterionic} 

detergent or non-ionic detergent, inclusive of bile acids 

and salts thereof, s':.lchas sodium cholate. 

15 Therapeutic uses for Apo A.,.. 1 and/or reconstituted HDL 

formulations may include tre.atment or prophylaxis of 

cardiova.scular disease (e. g acute Coronary syndrome (ACS, 

atherosclerosis and myocardial infarction) or diseases, 

disorders or conditions such as diabetes, stroke or 

20 myocardial infarction that predispose to ACS T 

hyperchole.sterolaemia (e, g elevated serum cholesterol or 

elevated I,DL cholesterol) and hypocholesterolaernia 

resulting from reduced levels of high-density lipoprotein 

(HDL)t snch as is s}lTl1ptomatic of Tangier disease. 

As hoted above, any unpurified mixture of proteins 

containi.ng a substantial amount Apo A~ I can be used as a 

staxting material for the purification processes described 

herein. 
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In the following examples, ApO A-I is extractedfl;'om hum-an 

plaentla} using cold ethanol fractionation according to the 

Cohn .Fractionation methods or the Kistler and Nitschmann 

methods. yie14tns: :pla~ma fraction Iv .. r or IV as a starting 

5 material. III step ta} I the fraction:rV is suspended in 

buffer solution (B} and then the PH adjusted prior to 

exposure to a higher ethanQl concentration to precipitat.e 

various :impurities in step (b). The itnpuritie/? are 

removed by d.epth filtrat,ion in the presence of filter aid 

10 atld then the pH is shifted close tq tpe isoelect:ric point 

of Apo A-I to precipitate the A.po A,.. I , as step {c:} , 

Filter aid is added and t.he~po A-I precipitate is 

collected by filtration in step (dJ. Optionally, tlle Apo 

A-I precipitate can, be re-suspended aJ4d eth~nol (e.g. 40-

15 96%' w/w} added in order to remove ,J:;esidual lipid, as step 

(e}. 

The. Apo A-I content at. various sampling points was 

measu::;ed using oapillaryelectrophoresis. 

purity was expressed as a perc¢ntage ~ measured using: 

40 capillar'}t electrophoresis anti also visually asses$ed on 

SDS-PAGE gels. 

1fXatn.E1.e 1: Preparation of ~:raction !V PreCipitate 

Human plasma W$$ cooleCl to c.Wout (ioC and adjusted tapH of 

25 about 7.2. cold et.hanol was added toa concentration of 

about 8% (w/w) , and the tempera.ture was lowered to 

approximately _2C1C. The precipitate that formed (Fraction 

!} was removed by centrifugation or filtration. 
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The filtrate or supernatant from the above procedure was 

adjusted to about pH 6.9, and cold ethanol was added to a 

concentration of about 20%- (w!w}. The temperature was then 

lowered to -5 Q C, and the mixture was again subjected to 

s either centrifugation or filtration. The precipitate that 

formed (Fraction II + III) was set aside for other 

purposes. 

10 

The filtrate or supernatant from the al")ove procedure was 

adjusted to a pH of apprOximately 5 f and the ethanol 

concentration was adjusted to about 20 %- (w/w) The 

temperature was adju.sted to about -5°C. The precipitate 

that formed (Fraction IV} \'las removed by celltrifugaticm or 

filtration and stored until needed in the fQl.~m of a paste. 

This Fraction IV paste contains Ape A-:C as well as 

15 contanlinating proteins andlipid.s, 

g~ample 2: Factors Affecting Apo A-I Recovery from 

Precipitate IV 

Initial experiments using a Design of Experiment (.DOE) 

methodology focu.sed on the dissolutioh of Precipitate IV 

2Q {e.g., containing Fraction IV} in a sodium bicarbonate 

buffer, withtbe aim of solUbilizing more ApoA- 1. Table 1 

summarizes the conditions of the six process parameters 

used for the Plackett-B1.rrman design with centre point 

runs. The para.meters examined included buffer volume, 

25 ethanol concentration, temperature, pH and mix time. 

Thirteen runs were performed on the initial screening of 

the precipitate XV solubilization step. 

An aliql.lot of precipitate IV paste was dissolved in a 

volume of buffer as specified in the DOE design. The pH 
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was then adj'listed according to the DOE design after which 

the suspension was rnixedat the temperature allocated for 

that rUn. A sample of the suspensj..on was taken and 

centrifuged for fifteen minutes: at 4/ 500 rpm. The 

5 resul ting supernatant was submit: te4 for analysi.s . The 

results of testing were normalized and expressed as 

g Apo A-I / t. plasma. 

'table l~· The :Plackett-Burman screening deli.~qJ:l. matrt.x f(,)r 

the t1issolution of Precipitate IV. 

Standard. Bu~f~r bffer Bt:lumQl Mix Time 

.'lun OrdEn~ Volwne Con~ (mK} Cone 
Tem.p (1I>C) pH 

(min) (\) 

1 5 3S 20 20 6.4 1 

2 'l. "". 35 60 20 6.4 4: 

3 :2 5 20 20 7,2 -9, 

4 :2 3~ 20 0 6.4. 4. 

5 2 ):$ 60 20 7.2 1 

e 5 .s 60 0 6 ..• 4 1 

1 5 3S 60 0 1.2 4 

S 5 5 60 20 6.4 4. 

9 5 5 20 0 1.2 4 

1Q .2 3S 60 0 1.2 1. 

11 5 35 ~o 20 7.2 1 

12 2 5 20 0 6 .. 4 1 

13 3.5 20 40 10 6,(1 2.S 

10 



25 

Table 2 is a summary of the resul ts obtained for the 

initial l?lacke.tt-13urman screening DOE ",,-here ApoA-I yield 

was nOJ:.-malized and is expressed as 9 ApoA- I I L plasma, 

The Minitab16 DOE analysis concluded that only ethanol 

5 concentration had a ])<0.05 for yield, where the lower the 

ethanol concentration in the resuspensiOn buffer, the more 

solubilized ~~PoA-I(Figure 1), 

10 

2 = Results for the Plackett-Burman screening design 

matri~ fot' the dissolution of Precipitate. IV. 

St:andard Run O;rde~ Yield (gIL Pl!lQ) 

--~ 
1, 0.71 

.:2 0.36 

.3 1.04 

4 0.69 

5 0.51 

6 0 .. 41 

7 0.4.8 

8 0.53 

9 0,72 

10 0.49 

11 0.86 

12 0.85 

13 0.80 



:e::xample .. ~£: Effect of Ethanol Concentration and pH on 
Apo A-I ReGo'\tery front Precipitate IV 

The st'lJdy included 10 runs in which the ethanol 

concentration was varied between 20 and 50% and the pH 

!5 between 6 . 4 an4 1 . .2 • The study was conducted as a 

duplicated 2~ full factorial DOl!! design wi th a center 

point run (Table 3}. The method invo.lved disso:l\,d.n.g: an 

aliquot of Precipitate tv paste in 2 parte 15 roM NaHC03 

bu.ffer with ethanol concent,rations according f,;,o the POE;. 

H) The pH was then adjusted according to the DOE design after 

which the suspension was adjusted to a temperature of 0 ± 

1·<-' C and mixed for Ohe hour. A sample of th,~ suspens.ion 

wa$ taken cmd cent.rifuged for fifteen minutes at 4,500 

:t"p!I1. The resulting supernatant was submitted for apalysis. 

15 The results of te.sting were norma.liz~d a:ndexpressed as g 

ApoA-I/:r.. plasma. 
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Table 3 t Th$ 22 full factorial optimizing DOE design 

matri¥ for the dis$olu.tion of Precipi tate IV. 

so 6.4 

20 6.4. 

3 

7.'2 

5 50 7.2 

50 

7 

50 

7.2 

10 35 6.8 

The 'Mi!litab16 DOE analysi,s concluded that the only factor 

5 to have a p <.0.05 for yield. was. the ethanol concentration 

{Table 4). The results indicate that the lower the ethanol 

concentration in the resus~nsion buffer, the more 

solubilized ApoA-I with the greatest yield is observed 

when the ethanol concentration WiitSPetween 20 and 3D%' 

10 (Fig'llre2). The pH of the restispension solution showed a 

minor affect with increasing tl1e pH from 6 .. 4 to 7.2 

resulting in higher Apb. A-I recoveries. However this was 

not found to be significant. (p=O .11S) . 



Table 4 ~ Results for the 21 fu1.1fact-Qrial optiJ~ia1n.9 

desig;Q. fQr the dissolutiofl of Precipitate XV •. 

Yield (g/L~~). 

1 0.62 

3 0.82 

>4 

5 0.69 

0.74 

7 0.83 

0.72 

0,8£ 

10 o .. e2 

Fig,3 further shows the influence of the pH OIl the Apo A-X 

5 yie.ld when using an ethanol concentration within the raIlge 

from 20 to 50*. The. yield is maximizedwhenApo A<r is 

suspended in a buffer ao lut ion (B} a.s described berein, 

comprising ethanol in a concentration within the range of 

15 and. 30% and a. pa; within the ral1gefrom 6.4 to 7.2. 

Effeot of Ethanol Concentr<1tion on Apo A-I 

Recovery 1 from Preoipi.ta te IV. 

A lineal:' experiment was performed to determine a.t which 

ethanol concentration the ApoA,.. I yield was maximized 

during the solubilization$tep. Ethanol concentrations of 

15 Oi15 and 30% were tested in duplicate, as described 

above. Table S is a summary of the results obt.ained for 
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the linear ethanol concentration experiment where ApOA-I 

yield was 11OJ::malized and is expressed as 9 ApoA-I / L 

plasma and purity is expressed as a percentage. 

Table 5: Resul ts for the linear ethanol concentration 

5 experiment fox-the dissolution bf Precipitate IV. 

Standard Rnn 
ltt.hanol Cone (t} Yield (giL PEQl 

Ol;"(!er 

~ 0 0.47 

2: 1S O.!11 

:3 30 0.84 

4 30 0.S3 

5 15 O.BO 

6 0 0.48 

AS shown in Fig. 4: ,the yield of Apo A~I obtained from 

plasma is maximized when using a buffer solution fB) 

comprising ethanol in a concentration wi thin the range of 

15 and. :SO%. 

10 ¥ample 5 ~ Effect of Ethanol Concentration and pH on 

Apo A-I Recovery from Precipitate IV 

Precipitat.e rv Was dissolved in two parts suspension 

buffer made with 15 mM Na.HC<-J3, 0.5 mM EDTA in various 

ethanol concentrationsa~ccording to Table 6/ after which 

15 the pH was adjusted uS.:i.ngeither o. 5M Hel or O.5M NaOH 

according to Tabl.e 6. 

After pH setting, <lsample of the suspension was taken and 

centrifuged for fifteen minutes at 4 J 500 rpm, The 
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resulting supernatant was s'llbrnitted for analysis. The 

l. .... esults were normalized etZ1d are expressed as grams of 

apoA-I I L plasma. 

previo\:ts studies l1adshown that duri.t1g the Precipitate IV 

5 re-s'\.lspension step, Apo A-I yield was maximized when an 

ethanol concentration of 15%'-30% was used in the 

suspension buffer-The pH of the re-En.lspension was found 

to have only a minor effect.· , however the range examined 

was narrow, pH 6.4 - pH 7.2.. ':to determine if a b.roaderpH 

10 range impacted Apo A-I yield, experiments were performed 

according to Table 6' and Ape A-1 yield was calculated. 

15 

Table 6: Re-suspens!on buffer alld pH conditions. 

SuspensipD. ~~ 
buffer I X:,ij' I 

• I 

t i -,st Rthanof-+5:-01 

l470.E009.0$ 1St Ethanol lc.cil 
1--1-4'C7-0-.-E-()-O-g-. -10-· ""fi---"3"O"%--EthanOI 5-:O~ 

l. . I 
10,0 

~ t 
~·~9~'-1·-1~1r---3-0~-:-E-t~h-a~n-Ol 

! 14 7C/'j;;oo 9 . 12 I :fo %- Et" h-a.-n-O-=-.1---r-1f -=7'~4~ 
L J ___ ...... __ .... , ..... "~__ LJ 

The results from these experiments are presented in Table 

7. At pH 5.0 the Apo A~I yield was undetectable 

irrespecti:ve of the ethanol concent:.t.~ation. Dissolut.ion at 

20% ethanol [ pH 7 A and pH 10.0 in the. presence of either 

15%- or 30% ethanol provided similar levels of .Apo A-I 

recovery (step b) (Table 7), 
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Table 7:aeeul ts foX" the ethanol concentration and pij 

experiment for tn~ dissolut::ion Qf precipitate IV. 

N/IL - un<1etectable levels of Apo A-I 

~?f~pJe6: Prote~se Activity a.nd Act.ivated Coagulation 

Factors in :Recovered ApoA-! 

purification of ApO A-I involving precipitation of Apo A-I 

and determination of pro t.eo ly tic activity and the presence 

lQ of activated coagulation factors in Apo A-I precipitate 

from st~p {d}. 

An. a1.iqtlot of Precipitate IV paste was dissolved in 2 

parts of a .suspension buffer fB) (15 ntM Naf-u::;Ch/20% ethanol 

buffe;r). The suspension was adj' us ted to a temperature of 

15 O::t 1 QC.. The coolin~ devices were p~ogramed so that the 

su~pension reached a target temperature of 1°C in either 

10 ,650r 120 m.inutes. The suspension was then mixed at. 

that temperature {about 0 ;!:l {Ie) for about Plle hour. 

Following mixing r the Pli of the suspension was adjusted 

.20 u,singeither 0.5 M :r.laOl'J Or 0.5 M Rel solut·iQl;'l to yi~ld a 

pH of about 7.3. 

Ethanol precooled to -4.:rc was added t.oa final 

concep.tration of 6Q% while maintaining the temperature of 

the suspension at -1 to 2"C. After the ethanol addition, 

25 the sUfipension was mixed for about 30 minutes:. 
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Following the incubation, filter aid was added to the 

suspension. The soluble ApO A-I material (Apo A~I 

filt.rate) was separated from insoluble impurities by 

filtration through a depth filter that had been pre-washed 

5 with 15 mf'.o1 NaHCO,!i'60% ethanol. The filter cake was washed 

with 15mM NaHC03 /60% ethanol. 

An amount of 0.5 N HClsolution was added to the Apo A·I 

fi 1. tl~ate to yie-Ida suspension having a pH of 5.4, ± {) .1. 

The temperatul;~eof the suspension was adjusted to about 

10 0 QC an.d the pH/temperature conditions maintained for 

about 2 hours. 

Subsequently, filter aid was added to the suspension and 

the Apo A~I precipitate was collected by depth filtration. 

The depth filters were pre-washed with t10% ethanol. An 

15 initial 'po$t~wash with 96% ethanol was per.formed followed 

by a 20% ethanol post-wash. 

The purified ApOA-I precipitate was anaJ,ysed for 

proteolytic activity and the NOl1~activated partial 

thromboplastin time (NaPTT} Clotting time was measured. 

20 These tests provide an indication as to the amount of 

residual protease in the Apo A-I precipitate of step {d). 

To prepare the Apo A<! precipitate from step {d) for 

testing I it was dissolved by adding one part prsGipitate 

to three parts 2% BPs/100 m.M Tris pH 8.5 buffe·r. Then the 

25 Apo A-I containing suspension was mixed for betW"een 45 

minutes and 1 hour. The suspension was subsequently 

centrifuged and the supernatant used to determine 

proteolytic activity and NaPTT) . 



The proteolytic activity ass~Y is a colO.rimetric method in 

\',.thich the Apo A -1 cantaining supernatant was mixed 1 ~ 3 

with a buffering solution (pli. g. 0) . 'l.'hissolution wa.s 

then added (200 J.LL) along w,ith 20 J1L of a pNA containing 

5 substrate to microtiter plate wells" The plate was then 

incuba,ted at 37 0 C for 10 min'llt~s prior to an initial 

reading at 40S nm. The incubation was continued. un<iertne 

same cooditio.ns with further readings (405 nnt) taken at 

30 I ,sO and 90 minutes. At the end of the inc1..lbation the 

10 proteolytic activity tnkat!L) was calculated by measuring 

the amount of pNAformed between 0 and 90 minutes. 

'!he presence of activated coagu;L(itionfactors in the Apo 

A-I precipitate lots (from step (d~) was tested by a 

common tlbu,.activated partialthl;'omboplttstintim~ {NaJ?TT) 

15 assay according to Ph. Bur. monograph 2.6.22. 

The results indiqa.te that t.he levels of protease activity 

and activated coagulation factors in the Apo A,.. I 

precipitate (at step (d») ca.n be minimized by shortening 

the time taken to red;ucethe teIDperat'I.:!X:e to 1° c: durin.g the 

20 re.solubi.lizat;ion of Fraction IV, at Step (a) (Figure 3) . 

La::rger scale batches (n=17} were manufactured by 

dissolving PreCipitate IV paste (500. ... 550. kg} in 2 parts 15 

roM NaHCO)/20\ ethan.ol bu.ffer. The suspension was then 

25 adjusted t.o a temperature of 0 ± lQ C and mixed for about 

one hour. Following mixing, the pH was adju.sted to 7.3 

using either 0,.$ M NaOH or 0..5 M Mel. 
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Ethanol was added up to .a fInal concentration of 60'lt an(i 

the suspension mix.ed for ~hottt 15 minutes, The suspension 

was thenfi.1bered through a filter preSf3 that had been 

pre~washed wit;.h St· 15 roM NaRC03/60% ethanol.. The ensuing 

5 fi 1 ter cake was: also wash~d wi tll a .15 mM .NaBCOJ /60% 

ethanol. 

The results of testing we.re normal ized and expressed as 9 

~po A ... I per L plasma. From 17 biitche$ the mean recovery 

was O.6g/L (at steP (b)}. 

1.0 Exampl~_:, Purification 0·£ Ape A~ I from Kistler 

Nitschm,ann Fraction IV - effect of pH dUring resuspensiol1 

The effecto! pH in re"'suspending ApQ A-I from Precipitate 

IV 011 the overall yield of purified Apo 11. ... 1 was evaluated 

by varying the pH in the range of 7,2 - 12.0. 

lS Themetl::1od to Cl.btain purified Apo A-I involved. dissolving 

precipitate IV in t.wo part 13 2Q%EtO}i Precipitate IV 

di~$olution buffer containing lSmM Sodium Ccu::bonate {22 ± 

2 {Ie}. After ad(jition of the buffer to the precipitate 

IV, the suspension temperature was lowereCi to 2 Cd {2 ± 1 

'2,0 {Ie} in about lS minu.tes ~Afte:t: mixing :Eor apprOximately 

15 minutes the pH of the suspension was adjusted to the 

target pH in the range of 7.2 to 12.0 prior to 96% ethanol 

being added to achieve a final conpentration of 60% • 

The ensuil'lg suspension was f i 1 tered in the presenoe of 

25 Celite 574. The pH of the Filtrat.e was then lowered to 

about; pH 5.3 and incubated for about 2 hOllrs at about QOC. 

Fi.lter aid was then added, the suspension mixed for about 

30 min\ltes before being filten~d and the ApO A,., I 
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precipitate collected. The Ape A~I precipitate was then 

delipidated with 96% ethanol. 

To determine the Apo A ... I content al;ld other qharacteristics 

of the delipiga.ted Apo A.,.1 precipitate the precipitatew.as 

5 dis sol v'ed at room t:empere;tu;re for 45 minutes in 3 parts 

100 r(lM 'l'ris b\.lffe:t', pH a.$ containing 2% SDS. The samples 

were centrifugeci prior toan~lys:i$. 

'the influence of the pH at the Precipitate: IV Resuspension 

step on overall Apo A~:r yield in the delipl.dated ApoA-I 

10 preoipi tate was investisated with higher recovery levels 

obtained when using higher pH extraction condit; ions (table 

S} , The amount of APo A .. r was determined using high 

pe:rformance capillaryelectrophqresis (Hewlet.t Packard 3D 

CE J Agilent Technology). The determination is performed 

15 under denaturing condi tiona I tha t is t in tbe presE".noe of 

SDS. Ape A-I content oan then be determined in bot.h 

aqueous and in lipid c01'ltaining samples (a. g. 

reconstituted llDL). Briefly, samples (15Qp.L) cont~ining 

~pproximately 2-3 mg/mL Apo A-I (if necessary diluted. with 

:20 water) were prepared with 16% 8DS (2Sp,L) and phenylal.anine 

(25pL, 2 or 4mg/mL). The samples were then incUbated ina 

boiling water bath for 3 minutes prior to 1:;2. S o.i.1utioo 

in a electropboresis buffe); ($OmM sodium borate, 0.2% SPS. 

pH .9,1; 30o.pL) and filtered to .45~m), The samp.les were 

2S then loaded onto a fused silica capillary (56cnl by 50p.m 

ia, Agilent G16QO-61232}. Elec;tropnoresis was carried out 

at 2SkV. The standard u.sed Was an International APQ A-I 

Standard (BCR-393) and a st.andard curve established from 

20 to 950 jJ9/mL. QUantification is based on the relative 
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peak areas in comparison with the internal standard 

{Phenylalanine} , 

Table 81 
-~ ...... -~.~"-,,-. - Yi.eld of purifiedApo P • .,.I {g'rams per liter 

plasma} as a function of the pH used to extract Apo A-I 

5 from Fraction IV. 

Production pH pH PH pH pH pH 

batches 7.3 tLl S.3 8.4 9.5 S.7 

yield 0.22 0,;28 0.37 0.53 0.51 0.50 0.56 

The level of other plasma proteins in the purified Apo A-I 

preparii,tion (mg of plasma protein per gram of Apo A- I) 

were determined by nephelometry (BN ProSpec I Siemens) i'lith 

10 references, control and antiserum obtained from Siemens. 

For the IgA content an N latex IgA kit from Siemens was 

used in accordance with the. rnanufact.urer's instructions. 

The level of other plasma proteins ill the purified Apo A-I 

preparations remained stable until the pH of the Fraction 

15 IV extraction step reached pH 8.5. At higher pH 

extraction conditions ,such as pH 8.7, the levels of the 

plasma proteins increased (Table 9). 

Table 9; :Impurity levelS in pu.rified Apo A-I as a 

20 fUnction of th€ pH used to ext:r.'act Apo A-X from Fraction 

IV. 

Plasma pfOtein pH 1.3 pH 8.1 pH 8.3 pH 8.5 pHS,? 

I 
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(mY8Apo A'-f) 

AJbumin <10.1 <9.1 <10.2 <ltS 13,7 

Alpha·l~ 2.1 8.1 9,S 10.8 46.7 

antitrypsin 

Alpha .. Z" <1.4 <1,2 <1,4 <1.2 <1,4 

macrogtobuUn 

, Ceruloplasmin <0.6 <0.5 <0.6 <0.5 <0,6 

Flbrlnog.:m <4.6 . <4.1 <4,6 <4.0 <45 

Haptoglobin <1.3 <2.0 ;(2:3 <2,0 5.4 

Her'l"lopextn <1.6 <lA <1.6 <1.4 2.2 

IgA 0.02 0.03 0.06 0.2 0.7 

IgG <0.1 <0.1 0.15 D.6 3,4 

rgM 0.03 0.03 0.03 0.03 0.03 

Transferrin <2.6 <2.4 <1.6 3.0 15.4 
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claims 

1.. Po process of obtaining Apo A-I from an ApO A-I 

containing protein fraction (A)( comprising: 

{.a} suspending the ApoA-I containing prot-ein 

fraction (A) in a buffer solution (E) comprising 15 

to $0% of a linear or branched Cl to C4 alcohol {w/w} t 

wherein the suspended. Apo A .. I containing pl:'otein 

fraction (A) has a pH in the range from 6.4 te 10. Os 

(b) removing impurities from the suspension while 

keeping the Apo A-I proteinssolubilizedt 

(c) precipitating li,.po A-I from the suspension, and 

(dl collecting the Apo A-I precipitate. 

:2, The process of claim 1, whe~~ein. the buffe~- solution 

CeJ comprises 20% of the linear or branched C'l. to C4 

alcohol {wlw). 

3 _ The process accorCling to claim 1 or claim 2 I wherein 

the suspended Apo A-I containing protein fra.ction fA) 

has a pRin the range from 7.2 to S.8. 

4: • The process according to anyone of claims 1 to 3, 

wherein the suspended Apo A-I containing" protein 

fraction tA) has a pH in the range from 8.1 to B.S. 

5. The p.rocess according to claim 1 or claim 2, wherein 

the suspended Apo A-I containing protein fraction (A) 

has a pH in the range from 7 _ 0 to 7. 6 . 

6 . The process according to anyone of claims Ito 5, 

wherein the buffer solut,ion (B} comprises 5 mH to 35 

mM NaHCO~. 
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7. The process acoording to anyone of claims 1 to 6, 

wherein the linear or branched c.l to C4 alcohQl is 

ethanol. 

8 . The process according to anyone of claims 1 to 7/ 

wherein in step. (a), the Volume rati.o of Apo A-I 

protein fraction (A) to buffer solution tE) is from 

1:1 to 1:5. 

9. The process according to anyone of claims 1 to $, 

,.,rherein the conductivity of the suspension formed at 

step (a) is less than 5 mSI em. 

10. The process according to anyone of claims 1 to 9, 

wherein in st.ep (b), impurities are removed by 

precipitation by adding linear or branched Cl to C,i 

alcohol to an a.lcohol concent:cation of 55 to 65% 

(\.:!w) , 

11. The process according to anyone of claims 1 to IO, 

wherein in step (b) the linear or b:t~anched C1 to C4 

alcohol added to the suspension has a temperature of 

about -5°C to 15 °e, 

12, The process according to anyone of claims 1 to ll, 

wherein in step (h), impurities are removed by 

precipitation followed by filtration, centrifugation, 

decantat.ion, Ultrafiltration and/or sedimentation. 

13. The process according to anyone of claims 1 to 12 ( 

wherein in step (c) i the pH of the .suspension is 

adjusted in the range from 4.6 to 5.6. 

14. The process according to anyone of claims 1 to 13, 

wherein in step (0) f the temperature of the 
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suspension is adjusted to -2 to 20ec to precipitate 

ApO A-I, 

1.5 . The process according to any one. of claims: lto 14; 

further comprisin.g step (e), comprising delipidatins 

the collected Apo A-I. precipitate through addition. of 

ethanol in the range from 4,0 to 96% (w/w). 

16 . Apo A-! obtained by a proc.ess according to any one ot 

the preceding claims. 

17. A purified Ape A-I comprisiJ;:'lg less th~ .0 .. 3 tng pi 19A 

per gram et -".po A - I . 

18. A pharmaceutical Gomposition comprisina.Apo A~I 

according te claim 16 or claim 17 and a 

pp-a.;rmaceutically acceptable carrier or diluent. 

19. A method of producing a pha~ceutiGal composition 

including producin.gApe A- I according to the method 

of any one of claims 1 to 15 and combining the Apo A~ 

I \4ith. a pharmaceutically acceptable carrier or 

diluent 

20. Reconstituted HDL compri,sing Apo A-X aCCiorcUIlg to 

claim 15 or claim 17. 

21, A pharmaceutical composition comprising ;t"econstituted 

HD:t. according to claim 20 and a pharmaceut,ically 

acceptable carrier o.~ diluent. 

12 + A method of producing reconEltituted HDL including 

producing Apo A- I according to the method of anyone 

of claims lto .15 and combining the Apo A,..l wi tJ::l a 

lipid to thereby p.roduce reconstitubad HDL. 

23, A method of producing a pnarlllaceuticaI composition 

incll1ding proqucing APo A,~:t according tOo the method 
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of any one of claims 1 to lSi combining the Ape A-;J: 

with alipi-d t.o thereby produce reconstituted HDL; 

and combining the reCQnetitued HDL with & 

pha];:tnaceutical1y acceptable. carrier Or diluent to 

thereby produce the pharmaceutical G:ompo$;ition, 


