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(57) Abstract: The present invention relates to processes of obtaining Apo A-1 from an Apo A-1 containing protein fraction (A),
comprising suspending- the Apo A-1 containing protein fraction (A) in a buffer solution (B), removing impurities from the suspen -
sion while keeping the Apo A- 1 proteins solubilized, followed by precipitating Apo A~ I from the suspension and collecting the
Apo A-l precipitate. Apo A-I obtained by such processes, reconstituted HDL obtained from such Apo A-1, and pharmaceutical com -
positions comprising such Apo A-I and/or reconstituted HDL also are provided.
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Process For Preparing Apolipoprotein A-I (Apo A-I}

Field

The present invention relates to a process of recovering
Apolipoprotein A-I {Apco A-T) from an Apo A-I containing

protein fraction.

Background

Human Apolipoprotein A-I is the major protein component of
{HDL} , which is an important lipoprotein in blood. It is
synthesized by the liver and intestine and is responsible
for the physiological function of HDL in the blocd; the
removal of cholestercl from peripheral tissues, carrying
it back either to the liver or to other lipoproteins, by a

mechanism known as "reverse cholesterol transport® (RCT).

The c¢lear correlation between elevated levels of serum
cholesterol and the development of coronary heart disease
has been repeatedly confirmed, based on epidemiclogical

and longitudinal studiss.

Hence, Apo A-I in HDL is thought to have an anti-
inflammatory function and to restrain the occurrence and
development of CHD. Furthermore, Apo A-I has shown to
decrease the Low Density Lipoproteing (LDL) level in the
blood and is known teo bind to endotoxins, thus having a

major yole in the anti-endotoxin function of HDL.

The ‘’protective” role of HDL and Apo A-I ag its major
component has been confirmed in a number of studies making
Apo A-T a promising candidate {(particularly as part of a

reconstituted HDLY for applications in atherosclerosis
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treatment, acute coronary syndrome treatment (ACS), anbi-
inflapmation  treatment, antitoxin treatment, liver~

targeting drugs, =sto.

Human blood plasma is nowadays collected in large awmounts
and processed to individual fractioms some of which
contain apolipoprotein A-I, The fractions may be produced
by ethancl fractionation according to a procedure
originally developed in the United States and known as
Cohn ox Cohn-Oncley methods [B. J. Cohn et al., J. Am,
Chem,. Sac. 68, 459-475, 19246; J. L. Oncley et al., J. Am.
Chem. Soc. 71, 541-%%50, 1948%8]. Plasma fractions containing
apolipoproteins may also be produced by a variant of this
method, the Kistler-Nitschmann procedure [H. Nitschmann et
al., Helv. Chim. Acta 37, 866-873, 1954; P. Kistler and H.
Nitschmann, Vox Sang 7, 414-424, 1962]. Both methods are

baged on differential precipitation in alcchol.

Various approaches have been described in the literature
to recover apolipoprotein A-I from ethanol precipitation

fractions:

U8 5,089,602 for instance, relates to the preparation of
apolipoproteins from fractions of human blood plasma or
gerum by resuspending the fravticns in an agqusous buffer
sclution in the pH range 3 to 5 or 6 to 4. Undesirable
contaminants are precipitated by addition of a short chain
aliphatic alcchol. Use is made of buffers containing high
ethanol concentrations (68-926% ethanol) for precipitating
contaminants. Potential aggregation of lipoproteins is
inhibited through elevated temperature, slightly alkaline

PpH, or by the addition of chactropic agents or surface-
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active pubstances, which is subsequently removed by gel
filtration. 2An anion-sxchange chromatography step is
included ta bind the contaminants, while the

apolipoproteins pass through.

Kim et al., Manufacturing and Shelf Stability of
Recongtituted  High-density  Lipoprotein for  Infusion
Therapy, Biotechnoleogy and Bioprocess Bagineering 16, 785-
792 {2011) disclose the use of extraction buffers

containing urea in & concentration of 6 M.

A combination of the two above mentioned methods is
described in WO 28/07751 for recovering apolipoprotein A
{Apo A-I} or apolipoprotein E (ApoE) from human plasma.
Said document discloses a process comprising at least one
pre-purification step through the use of an extraction
buffer containing 8 M urea and a further purification step
using anion-exchange chromatography. In WO $8/07751, 1%
recovery of Apo A-I resulted from experiments using an
extraction buffer comprising 20% ethanol. WO2008/025754
teaches wmethods to separate Apo A-I  from alpha-1i
antitrypsin including the use of lower  ethanol

concentrations (8 to 14%) to precipitate Apo A-I.

Other methods such as ultra-speed centrifuge and high
performance liguid chromatography (HPLC) are also uged o
recover Ape A-I. However, the preparation of Apo A-I is
extremely time-consuming and only minor guantities of Apo
A-I c¢an be prxepared by these methods. These methods are
therefore not suitable for an industrial production of Apo

A-T,
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Thueg, there remains a need for a method for extracting and
recovering Ape A-I  from Apo A-I containing protein
fractions, which is suitable for large-scale production

and which allows for acquiring Apo A-T in a high vield.
Bumpmary

Provided herein are processes of obtaining aApo A-I from an
Apo  A-I containing protein fraction {4), comprising
a} suspending the Apc A-I containing protein fraction in a
buffer sclution comprising 15 to 30% of a linear or
branched ¢; te €. alcochol (w/w) to form a suspension,
wherein the suspended Apo A-I containing protein fraction
{&} has a pH in the range from 6.4 to 10.0, (b} removing
impurities from the suspension while keeping the apc A-I
proteins solubilized, (¢} precipitating apo A-I from the

sugpension, and {d} collecting the Apo A-I precipitate.

In some embodiments, the buffer solution comprises 20% of
the linear or branched €; to €y aleohol {(w/w). In some
embodiments, the suspended Apo A-I containing protein
fraction {A} has a pH in the range from 8.1 to §.5. In
some embodiments, the the suspended Apo A-I containing
protein fraction {A) has a pH in the range from 7.0 to
7.&6. In scome embodiments the buffer sclution comprises 3
mM Lo 35 mM NaHCO,. In some embodiments, the linesar or

branched T, to & alcchol is ethanol.

In some embodiments, the volume ratic of Apo A-I protein
fraction to buffer solution at step {(a) is from 1:1 to

1:5,

In some ewmbodinments, the suspension formed at step (&) has

a conductivity of less than S mS/cm.
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In some embodiments, impurities are removed in step (b} by
precipitation by adding linear or branched € to C; alechol
te an alcohol concentration of 45 to 65% {w/w). In some
spbodiments, the linear or branched ¢ to €, aloshol added
at step (b} has a temperature of abocut ~5°C to 15 °C. In
some embodiments, the impurities precipitated at step (b}
are removed from the suspension by filtration,
centrifugation, decantation, ultrafiltration and/ox

sedimentation.

In some embodiments, in step (¢}, the pH of the suspension
is adjusted in the range from 4.6 to 5.6. In some
embodiments, in step (¢}, the suspension has a temperature

of -2 to 20°C for precipitation of Apo A-I.

In accordance with any embodiments, the process wmay
further comprise step (e), wherein the collected Apo A-I
precipitate i1is delipidated, such as through addition of
alecohol for example ethanol at a concentration from within
the range from about 40% to about 26% ethanel {w/w}., In
particular embodiments the collected Apo A-I precipitate
ig delipidated through the addition of ethancl to a
concentration of about 40%, or of about 50%. The ethanol
can be any pharmaceutical grade ethancl. In particular
embodiments o©f the invention the ethanocl 1s a 95%

pharmaceutical grade ethancl (3A containing 5% wethancl).

In accordance with some embodiments, the process vields

purified Apoc A-I at a yield of at least 0.50 g/L plasma.
In another aspect of the present invention, there is
provided a purified Apo A-I vomprising: {a} lessg than 0.3

mg of IgA per grawm of Apo A-I1.
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Also provided is Apo A-I obtained by any process as
degoribed herein, pharmaceutical composgitions comprising
guch Apo A~-I and & pharmaveutically acceptable carrier or

diluent and/or methods of producing such compositions.

Also provided ig reconstituted HDL prepaved from Apo A-I
obtained by any process as described hereain,
pharmaceutical compositions comprising such reconstituted
HDL and a pharmaceutically acceptable rarrier or diluent
and/or methods of producing reconstituted HDL and/or

compogitions comprising same.

Brief Description of the Drawings

Fig. 1 : Influence of buffer wvolume, buffer
concentration, eéthanol concentration,
temperature, pH and mixing time on Apo A&-1
vield. Pig.l shows that the yield of Apo A-I
obtained from plasma i1s maximized when using a
buffer solution {B) comprising lower

concentrations of ethanol.

Fig. 2 : Influence of ethanol concentration and pH on &po
A~T yield. Fig.2 shows that the yield of aApo A-I
obtained from plasma is maximized when using a
buffer solution (B} comprising ethanol in a

concentration within the range of 15 and 30%.

Fig. 3 : Contour plot presenting the impact of ethanol
concentration and pH on Apo A-I yield. Fig.3
further shows the influence of the pH on the apo
A-TI vield when using an ethanol concentration

within the range from 20 to 50%. The vield is
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maximized when Apo A-I is suspended in a buffer
golution (B} comprising an ethanel in  a
concentration within the range of 1% and 30% and

a pH of the suspension within the range from £.4

to 18,0,
Fig. 4 : Fitted 1line plot showing the influence of
ethanol concentration on Apo A-I yield. Fig.4

shows that the vyield of Apo A-I obtained from
plasma is maximized when using a buffer solution
(B} comprising ethanol in a concentration within

the range of 15 and 30%.

Fig. $ : Proteclytic activity (A} and Non-activated
partial thromboplastin time {(NaPTT) clotting
time (B} in Apc A-I precipitate (step 4}
purified by the wmethod described in Example €.
Fig.5 shows that winimizing the ceool down time
during the resolubilization of Fraction IV
material reduces proteclytic  activity  and
clotting factor activation in the purified Apo

A-I preparations.

Detailed Description

Described herein are processes of obtaining Apo A-I from

an Apo A-I containing protein fraction (&), comprising the
steps of: {a}) suspending an Apo A-I containing protein
fraction (A} in a buffer =zolution (B)cowprising 15 to 30%
of a linear or branched C1 to €4 alechol (w/w), wherein
the suspended Apo A-I containing protein fraction {(A) has

a pH in the range from 6.4 to 10.0, and (k) vemoving
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impurities from the suspension while keeping the 2Apc A-I
proteins solubilized. In particular embodiments, step (b)
is followed by (¢} precipitating 2Apo A-I from the
suspensicon, and, optionally, (4} collecting the Apo A-I

precipitats.

In the context of the processeg described herein, the term
“sugpending an Apo A-I containing protein fraction” means
solubilising the apo-I containing protein fraction, thus
bringing into solution at least a wmajor part of the

protein fraction.

Surprisingly, it has been found that Jf the Apo A-I
containing protein fraction (A) ig solubilized in a valume
of buffer solution {(B) comprising 15 to 30% of a linear or
branched €1 to C4 alcochol (w/w) wherein the suspended apo
A-I containing protein fraction (&) has a pH in the range
from 6.4 to 10.0, including 6.4 to 7.5 or 8.1 to 8.5, much
nore Apo A-I proteins can be suspended in a given buffer
volume than with the previously known methods, even
without the addition of chaotropic substances sguch as
urea. Therefore, the amount of Apo A-I obtained from the
gtarting fraction (&) can be increased substantially as

compared to previously known methods.

These findings are particularly noteworthy, gince
according to the state of the art, alcohol concentrations
in the range of 15 to 30% (w/w) are insufficient for
solubilizing the Apo A-1 proteins, leading to wvery low

vields.

Contrary to these expectations, in soms embodiments, the

unigue combination of pH and alcohel concentration
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gecording  to  the processes  described herein achieves
purified Apo A-I with a yield of Apo A-I of at least .50
grams/Titer of plasma {g/L plasma). In some embodiments,
at least 0.80 g¢/L plasma of Apo A~-T isg obtained by the
processes describked herein {(at step b). In contrast, when
the amount of ethancl exceeds 30% w/w then the Apo A-T
recovery is lower. For example, at 45% w/w the vecovery
of Apo A-I is approximately 0.12 g/bL plasma, indicating
that the methods described herein are able to increage Apo

A-T recoverieg by at leasgt 300%.

The processes described herein provide a simpler and more
economical way of solubilizing Apo A-I than suggested in
the related art. Also, the reduced explogion hazard due to
the use of lower concentrationg of the linear or branched
C: to ¢y alcochol offers advantages of lower costs with
regard to the construction of the wanufacturing unit for

the precipitation step.

Furthermore, in embodiments where the pH range of the
suspended Apo A-I containing protein fraction (&) igs from
6.4 to 8.0, this pH level 1ig believed to prevent
deamidation of the proteins, thereby leading to a reduced
risk that the resulting bicopharmaceutical drugs will be
immunogenic. In some embodiments the suspended Apo A-1
containing protein fraction (&) has a pH in the range from
6.4 to 9.0, including frem 7.2 to 8.8, or from 8.0 to 8.6,
or fxom 8.1 to 8.5, or from 8.2 to 8.4, or from 6.4 to

7.4,

The processes described herein are fast, robust, specific
and safe, and provide an inproved yvield and purity of the

product of interest during processing. Therefore, the
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processes described herein are particularly well suited
for use in large-scvale purification of Apo A-I. Suitabls
for large-scale purification in the context of this
disclosure means purification starting from tems of
kilograms of a starting waterial such as a human plasma
fraction, for example starting from 50 kilograms or more,
such as 500 kilogramg, of a Apo A-I protein containing

starting Eraction.

As used herein, "plasma” refers to ligquid blocd components
and includes plasma derivatives, and plasma-containing

compositions.

The present processes thereby facilitate an improved and
acceptable balance between vyield of product and econowmy

involved, compared to the conventionally used methods.

The processes will now be illustrated with regard to
specific embodiments. It is to be understocd from the
following description that the dinvention includes all
permutations and combinations of the different embodiments
of the different steps, compenents, and pavameters

illustrated below.

Ay starting material comprising 2Apo A-I can be used in
the methods desoribed herein, such as any starting
material containing a substantial amount of Apo A-I, s=much

a any unpurified wmixtures of proteins containing a

17

substantial amount Apo A-T.

The term "Apo A-I" refers to Apo A-I proteins and
fractions thereof., Typically, the apolipoprotein A-I is

either a plasma-derived or recombinant apolipoprotein A-I
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such asg Apo A-I, pro-apo-Al or a variant guch ag Apo A-~T
Milano or so called oxidation resistant forms such as 4WP.
In some embodiments, the apolipoprotein A-I is plasma
derived Apo A-I. Also contemplated are bioclogically-active
fragments of the apolipoprotein A~-I. Fragments may be

naturally occurring, chemical synthetic or recombinant.

According to specific embodiments, the starting material
is an Apo A-I containing protein fraction (&), such as one
gselected from a fraction of human plasma such as plasma
fraction IV-I or IV {sometimes also referred to as
Precipitate IV or similar), for instance, obtained by cold
ethanol fractionation of human plasma according to the
Cohnn Fractionation wmethod or the Kistler and Nitschmann
method or other similar methods. Other examples can
include ammonium sulfate precipitates which contain Apc A-
I. When using plasma fraction IV ag itsg raw material, the
processes described herein offer the advantage of making
full use of plasma resources. In particular embodiments,
the starting material is a Fraction IV or a Cohn Fraction
IV: or a Cohn PFraction IV, or a similar Fraction. In
further specific embodiments, the starting material is
derived from a PFraction IV precipitate. Other Apo A-I
containing protein fractionz (&) can include those in
which alpha-li-antitrypsin (AAT) has been previously
removed for separate manufacture into an AAT therapeutic
product, such as Zemaira™. Examples of such Apo A-I
containing protein  fractions are described in WO
2005/025754. The AAT can be geparated from the 2Apc A-I by
i} treating a starting human plasma fraction comprising
2po A-I and ARAT to separate an Apo A-I containing fraction

from an AAT containing fraction, comprising a) optionally
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treating the starting human plasma fraction which is used
as the starting material such that both Apo A-I and AAT
are solubilized; b} precipitating the solubilized Apo A-I
by adding sethanol to a concentration of R-14% v/v and
adjusting the pH to about 5 to about 6 so that Apce A-I
precipitates and AAT remains in  solution; and <)
separating precipitated Ape A-I  from  the  solution
containing AAT. This precipitated Apo A-I, in particular
embodiments of the present invention, is the Apo A-I
containing protein fraction (A). The starting human
plasma fractiom comprising AAT and Apo A-I can be selected
from one or wore of Fraction IV-I or IV {(sometimes also
referred to as Precipitate IV or similar) obtained by cold
gthanol fractiomation of human plasma according to the
Cohn Fractionation method or the Kistler and Nitschmann
method or other gimilar methods. In some instances these
fractions may be refervred to as Cohn fractioms IV,
precipitates from Kistler-Nitschmann supernatants A and
A+l {e.g. Precipitate & + IV). Other examples can include
ammonium sulfate precipitates which contain AAT and Apo A-
I, In some embodiments the Apo A-I containing protein
fraction comprises a finely divided silicon dioxide, such

ags derosil™.

The Apo A-I containing protein fraction (A} is suspended
in a buffer sgolution (B) comprising 15 to 30% of a linear
or branched Cl to C4 alceohel (w/w) and the suspended Apoc
A-T containing protein fraction (&) has a pH in the range
from 6.4 to 10.0. In some embodiments the pH of the
suspended Apoc A-I containing protein fraction {A) is

adjusted in the range 6.4 to 10.0 after the Apo A-I
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containing protein fraction (A) has been suspended in the

buffer solution (B}.

In some enbodiments the buffer solution {B) for
solubilizing the Apo A-I protein fraction (A) comwprises 16
to 28%, or 17 to 26%, or 18 to 24% or 19 to 22% of the

linear or branuched ¢ to € aleohol (w/w).

In sowme embodiments, the buffer solution (B) for
gsolubilizing the Apo A-I protein fraction (A} comprises
20% of the linear or branched ¢ to €4 alcocohol (w/w). This
low alcohol concentration compared to prior art methods is
not only beneficial from an economical point of view but
also allows for solubilizing an incresased amount of the
Apc A-I protein fraction (A}, increasing the overall vield
of purified &pe A-I from & given amount of starting

material.

In some embodiments, the buffer solution (B} has a pH in
the range from 6.4 to 10.0, including from 6.4 to 9.0 or,
from 7.2 to 8.8 or from 8.0 to 8.6 or from 6.4 to 7.4. In
more specific embodiments, the pH of the buffer solution
{B} is in the range from 8.1 to &.5, such as 8.3. These pH
ranges are  believed to  minimize  deamination and

denaturation of Apo A-I proteins.

In other more specific embodiments, the pH of the buffer
solution (B} is in the range from 7.0 to 7.4, such as 7.3.
This pH range 1is believed to minimize deamination and

denaturation of Apo A-I proteins.

The buffer solution (B} can be prepared with any suitable

salt. One suitable salt for preparing the buffer seolution
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{B} is NaHCO;. NaHCO; iz low in price and commercially
available in large amounts, and thus is well suited for
industrial ecale applications. In some ewnbodiments, the
buffer solution (B) comprises 5 mM to 35 mM NaHCC; such as
15 wM or 25 mM NaHCO;. These buffer conditions have been
shown to be particularly effective for sgolubilizing the
ape A-I protein fraction {(A). In additiom, NaHCCO; is
particularly advantageous dus to its low toxicity and ease
of use. However, other suitable buffering agents wmay be
also uged. The choice of buffering agent should take into
account that the particular agent needs toe be both
biclogically compatible and posgsess good solubility

properties in agueoug/aloechoel solutions.

For Yeasons of price, toxicity and industrial
applicability, the linear or branched ¢ to ¢y aleohol is
typically ethanol. Ethanol has the further advantage of
being easy to handle and alse being suitable for
industrial applications. Yet, apart from ethancl, other
alcoheols such as wmethancl, n-propancl or isopropancl, n-
butanol, sec-butanal, igobutanol o©r text-butancl are

suitable for use in the presently described processes.

When ethancl dis used, the ethanol 1s typically any
pharmaceutical grade ethanol. In particular embodiments
of the invention, the ethanocl is a 96% pharmaceutical
grade ethanol {2.g. 4% sthanol and 2% methyl ethyl ketone
{MEK}}. In particular embodiments of the invention the
ethanol 1is & 25% pharmaceutical grade ethanol (3a

containing 5% methancl).

To minimise coagulation factor and protease activation,

the temperature of the suspension of the Apo A-I
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containing protein fraction {A}) (such as for example
Fraction IV} in buffer (B) ig cooled to 1.0 + 0.5 ©C
within about %0 minutes of the buffer (B) contacting the
Apo A-I containing protein fraction (A). In particular
embodiments, the suspension is cocled to 1.0 + 0.5°C
within about 60 minutes of the buffer B contacting the Apo

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

In some ewbodiments after the Apo A-I fraction {(A) is
suspended in buffer (B}, the pH of the suzpension is
adjusted, if necessary, to be in the range from 6.4 to
16.0, such as in the range from 7.0 to 7.4, such as 7.3 or

such ag is in the range from 8.1 to 8.5, such as 8.3.

In order to facilitate the guspension of Apo A-I in the
buffer {(B), the buffer (B} can have a temperature of about
10°C to 26°C, including about 10°C to 16°C, such as about
13¢C, when it is contacted with the Apc A-I containing

protein fraction (A}.

In some embodiments, the volume ratio of protein fraction
{a) to buffer soluticn (B} is from 1:1 to 1:5, such as
1:2. The use of low volume ratios of Apo A-I fraction {3}
to buffer solution (B} is particularly beneficial in
industrial scale production for reducing the cogts of

material and storage of the buffer solution.

In some embodiments, the conductivity of the suspension is
less than 5 mS/cm, such as in the range of from 0.5 to 1.0

ms/om.

Az outlined above, after solubilisation of Ape A-I
containing protein fraction {A) in the buffer solution

{8}, impurities such as other undesgsired proteins or other
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components present in the Apoe A-I protein fraction {A) are
removed from the suspension, while Apo A-I proteins are
kept in  solution ({(step (b)}). In some embodiments,
impurities are precipitated by adding linear or branched
Gy to &y aleohol teo an alcchol concentration of 4% to £5%
{w/w), such as 50 % {w/w) or 80 % (w/w). Thiz range is
believed to ke effective for sclubilizing many protein
components except for Apo A-I. This purification step
therefore offers a highly specific and effective way to

separate Apo A-I from other undesired compenents.

In order to facilitate the precvipitation of impurities,
the linear or branched ¢ to €. aleohol added to the
suspension may have a temperature of about -5°C to 30 2C,

such ag about 5°C.

In some embodiments the linear or branched €1 to 4
aleohol is ethanol. In particular embodiments the ethanol

concentration is in the range from 55% to 65% (w/w).

The pH is maintained in the range from 6.4 to 10. In some
enbodiments the pH 18 in the range from 6.4 to 9.0,
including from 7.2 to 8.8, or from 8.0 to 8.6, or frowm 8.1

to 8.5, or from 8.2 to 8.4, or from 6.4 to 7.4.

In some embodiments, the precipitated impurities are
removed from the suspension by any known process, such as
filtration, centrifugation, decantation, ultrafiltration
and/or sedimentation. In some embodiments, impurities are
removed by filtration. In accordance with thege
embodiments, the filters can be chosen specifically to
retain the precipitated impurities but not the desired

product, e.g., not the desired Apo A-I proteins. Filters
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useful in such processes include polypropylene filter

gheets and CHS velluloge filter sheete.

In some embodiments, after impurities have bheen renoved,
Apo A-I is precipitated from the suspension (step {c}}.
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 range, precipitation of Apo
A-T is believed to be highly selective, such that octher

undesired proteins may be kept in solution.

In some embodimentg, the temperature of the suspension is
adjusted (if necessary) to a range from -2 to 20°C, for

precipitating Apoc A-I.

In some embodiments, the Apo A-I precipitate is collected
{step {4}}. In accordance with these embodiments, after
precipitating 8po A-I, a filter aid which facilitates the
passage of the liguid through the filter way be added to
the suspensicon. Filter aids are inorganic wmineral powders

or organic fibrous materials which are used in combination

with filtration hardware to enhance filtration
performance., Commeonly encountered filter aids include
diatomite, perlite and cellulose. Suitable filter aids

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

In some embodiments, the Apo A-I precipitate is collected
by any suitable method, such as thosze noted above for
filtration of impurities. In some ewmbodiments, the Apo A-I
precipitate is collected by filtration. In accordance
with these embodiments, the Ffilters ran be chogen such
that the desired Apo A-I proteins are retained, whereas

other swaller components pass through the filter pores.
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In gpecific embodiments, the process further comprises
uging a washing solution to remove impurities from
precipitated Apo A-I. The washing solution may be water or
a suitable washing buffer. If a washing step is used, the
washing is carried cut such that the Apo A-I proteins stay
on the filter, while impurities are digsclved and washed

away.

According to further specific embodiments, the process
comprises a further step (e), where the collected Apo A-I
precipitate is delipidated, szuch as through addition of
alcohol for example ethanol at a concentration from within
the range from about 40% to about 96% ethanol {(w/w).
“omlipidated” in the context of the presently described
processes meansg the removal of lipids, thus reducing the

lipid content of the Apo A-I product.

Delipidated Apo A-I precipitate (a3 purified Apo A-I} can
be stored at or below -20°C for a period of up to one year

without losg in the proteins functionality.

The Apo A-I devived from the processes of the present
invention can additionally be subject to dedicated virus
reduction stepg (virus inactivation and/or virus removal}
to ensure virus pathogen removal. Commory virus
inactivation technologies include physical methodsz such as
the classical pasteurization procedure (60°C heating for
10 hours} , short wavelength wltra-violet light
irradiation, or gamma irxradiation and chemical methods
such as golvent detergent or low pH incubaticon. Virus
removal technologies include size exclusion methods such
as virus filtration which is also often referred to as

nanofilitration. These virus filtration methods have been
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shown to be effective methods for removing wviruses from
protein golutions. In some ewmbodiments the purified apo
A-T of the present invention is subject to a virus
reduction procedure such as heat ipactivation and/or virus

filtration as described in EP13179755.7.

The present invention provides a purified 2Apo A-I

characterized by the following properties:

{a} less than 0.3 mg of IgA per gram of Apo A-I;
{h} less than 0.7 mg of IgG per gram of Apo A-I;
(o) less than 0.05 mg of IgM per gram of 2Apo A-I;
{(d} less than 4.9% mg of hapteglobin per gram of
Apo A-~I;
{e} less than 2.7 mg of hemopexin per gram of Apo
A-T;
{f} less than 6.4 mg of fibrinogen per gram of Apo
A-I;
{g} less than 0.9 mg of ceruloplasmin per gram of
Apo A-I;
{} less than 14.6 mg of albumin per gram of Aapo
A-T;
(i} less than 2.3 mg of alpha-2Z-macroglobulin per
gram of Apo A-I;
{3} less than 12 wg of alpha-l-antitrypsin per
gram of Apo A-I; and
{k) less than 3.9 mg of transferrin per gram of

Apo A-I.

The c¢ontent of the proteins can be determined by
nephelometry. The Apoc A-I content can alsc be determined

using high performance capillary electrophoresis,
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In another aspect of the present invention, there is
provided a puvified Apoc A-I comprising: {(a) less than 0.3
mg of Igh per gram of Bpo A~I. In particular embodiments
the Ape A-I preparation cowprises less than 0.2 mg of Iga
per gram of Apc A-I; or less than 0.1 mg <f Igh per gram
of Apo A-I; or less than 0.075 mg of Igd per gram of Apo
&-T; or less than 0.05 mg of Igh pexr gram of Apc A-I; or
less than €.02 wg of IgA per gram of Apo A-I. It is
advantageous to have a low IgA purity level as it can
potentially affect the safety profile of pharmaceutical
preparations comprising the Apo A-I preparation with lower
levels desirable to minimize the risk of anti-Igh
formation in IgA deficient patients. This condition is
the mogt common primary antibody deficiency effecting
about 1:133 people and as the condition is relatively mild

it often goes unrecognized in effected people.

Purified Apc A-I as hereinbefore described can be
formulated inteo pharmaceutical compositions, such as into
reconstituted HDL for therapeutic usge. Such pharmaceutical
cowpesitions may include a pharmaceutically acceptable
carrier or diluent. Non-limiting examples of
pharmaceutically acceptable carriers or diluents include
water, emulsifiers, binders, fillers, surfactants,
buffers, stabilizers, salts, alcohols and polyols,
detergents, proteing and peptides, lipids, gums, gugars
and other carbohydrates, although without limitation

thersta,

Reconstituted HDL may, in addition to Apo-Al, comprise one
or more of a lipid, a detergent and a stabilizer, although

without limitation thereto. Non-limiting examples of
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lipids include phospholipids, cholesterol, cholesterol-
esters, fatty acids and/or triglycerides. Preferably, the
lipid is a phospholipid. Non-limiting examples of
phospholipids include phosphatidylcholine (BC) {lecithin},
phosphatidic acid, phogphatidylethanolamine {PE}
{cephalin}, phosphatidvlglycerol (PG), phosphatidyleerine
(PS8}, phosphatidylinositol {(PI} and sphingomvelin (SM) or
natural or synthetic derivatives thereof. Stabilizers wmay
be a carbohydrate puch a3z a sugar {e.g. sucroge) or a
sugay aleohol {e.g. mannitol or sorbitol}, although
without limitation thereteo. If present, the detergent may
be any ieonic (e.g cationic, anionic, gwitterionic)
detexgent or non-ionic detergent, inclusive of bile acids

and salts thereof, such ag sodium cholate.

Therapeutic uges for Apo A-1 and/or reconstituted HDL
formulations wmay ineclude treatment or prophylaxis of
cardiovascular disgease {(e.g acute coronary syndrome ({(ACS,
atherosclercsis and myocardial infarction} or diseases,
digorders or conditions such as diabetes, stroke or
myocardial infarction that predispose to ACE,
hypercholesterclaemia {(e.g slevated serum cholestercl or
elevated DL cholesterol) and hyvpocholesterolasmia
resulting from reduced levels of high-density lipoprotein

(HDL}, such as is symptomatic of Tangier disease.

Examples

Az noted above, any unpurified mixture of proteins
containing a substantial amount Apo A-I can be used as a
starting wmaterial for the purification processes described

herein.
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In the following examples, Apo A-I is extracted from human
plasma, using cold ethanol fractiomation according to the
Cohn Fractionation wmethods or the Ristler and Nitschmann
methods, yielding plasma fraction IV-T or IV as a starting
material. In step {(a}), the fraction IV is suspended in
buffer solution (B) and then the pH adjusted prior to
exposure to a higher ethanol concentration to precipitate
various impurities in step (b). The impurities are
removed by depth filtration in the presence of filter aid
and then the pH is shifted close to the iscelectric point
of Apoc A-I to precipitate the Apo A-I, as step {c),
Filter aid is added and the Apc A-I precipitate is
collected by filtration in step (d). Optionmally, the Apa
A-I precipitate can be re-suspended and ethanol (e.g. 40 -
96% w/w) added in order to remove residual 1lipid, as step

{e}.

The Apc A~I content at various sampling points was

measured using capillary electrophoresis.

Purity was expressed as a percentage, wmeasured using
caplllary electrophoresie and also visually assessed on

SDS-PAGE gels.

Example 1: Preparation of Fraction IV Precipitate

Human plasma was coocled to about 09C and adjusted to pH of
about 7.2. Cold ethanol was added to a concentration of
about 8% {w/w}, and the tewmperature was lowered to
approximately -2°C, The precipitate that formed (Fraction

I} was rewoved by centyifugation or filtration.
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The filtrate or supernatant from the above procedure was
adjusted to about pH 6.9, and cold ethanel was added to a
concentration of about 20% (w/w). The temperature was then
lowered to -59C, and the wmixture was again subjected to
either centrifugation or filtration. The precipitate that
formed ({Fraction II + III) wag get aside for other

purposes.

The filtrate or supernatant from the above procedure was
adjusted to a pH of approximately 5, and the ethancol
concentration was adjusted to about 20 % (w/w). The
temperature was adjusted to about -5°C. The pracipitate
that formed {(Fractionm IV) was removed by centrifugation ov
filtration and stored until needed in the form of a paste.
This Fraction IV paste containg Apo A-I, asgs well as

contaminating proteins and lipids.

Example 2: Factors Affegting Apo A-I Recovery from

Precipitate IV

Initial experiments wusing a Design of Experiment {(DOE)
methodology focused on the dissolution of Precipitate IV
{e.g., containing Fraction IV} in a sodium bicarbonate
buffer, with the aim of solubilizing more ApoA-I1. Table 1
summarizes the conditions of the six process parameters
used for the Plackett-Burman design with centre point
rung. The pavansters examined included buffer wolume,
ethancl concentration, temperature, pH and mix time.
Thirteen runs were performed on the initial screening of

the Precipitate IV sclubilization step.

An aligquot 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 adjusted according to the DOE design after which
the suspension was mixed at the temperature allocated for
that run. A sample of the suspension was taken and
centrifuged for fifteen winmntes at 4,500 rpm. The

resulting supernatant was submitted Ffor analysis. The

4

resuits of testing were normalized and expressed as

g Apo A-I / L plasma.

Table 1: The Plackett-Burman screening design matrix for

the dissclution of Precipitate IV.

Standard Buffer Buffer Ethanol Mix Time

Temp (°C} PH

Bun Ordex Volume Cong  {mM} Cone (%) {min}
1 g 35 20 20 6.4 1
2 2 35 60 20 6.4 4
3 3 5 29 20 7.2 3
4 2 35 26 "o 6.4 4
5 z 5 £0 20 7.2 1
§ 5 5 60 0 6.4 1
7 5 35 50 o 7.2 4
8 5 5 60 20 5.4 4
9 5 5 20 o 7.2 4
10 2 35 60 6 7.2 1
11 5 35 20 20 7.2 1
iz 2 5 0 o 6.4 1
i3 3.5 | 20 40 16 6.8 2.5

ER}
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Table 2 is a summary of the results obtained for the
initial Plackestt~-Burman screening DOE where ApoA-I yield

was normalized and is expressed as g ApoA-I / L plasma.

The Minitablé DOE analysis concluded that only ethancol
concentration had a p<0.05 for vield, where the lower the
ethanol concentration in the resuspension buffey, the more

sclubilized ApoA-I {Figure 1}.

Table 2: Results for the Plackett-Burman screening design

matrix for the dissclution of Precipitate IV,

Standard Run cider vield (g/L PEQ)
P 0.71
2 0.36
3 1.04
4 ; Q.68
5 .51
6 - 0.a1
T .48
B 0.53
) g.72
10 | 0.49
11 0.86
12 0,85
13 o.80
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Example 3 Effect of Ethanol Concentration and pH on

Apo A-I Recovery from Precipitates IV

The study included 10 runs in which the ethanol
concentration was varied between 20 and 50% and the pH
between 6.4 and 7.2. The study was conducted as a
duplicated 2° full factorial DOE design with a center
point run {Table 3}. The method inveolved diesolving an
aliquot of Precipitate IV paste in 2 parts 15 mM NaHCO,
buffer with ethanol concentrations according to the DOE.
The pH was then adjusted according to the DOE design after
which the suspension was adjusted to a temperature of 0 £
1¢ © and mixed for one hour. A sample of the suspension
was taken and centrifuged for fifteen wminutes at 4,500
rpm. The resulting supernatant was submitted for analysis.
The results of testing were normalized and expressed as g

ApoA-I/L plasma.
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Table 3: The 2° full factorial optimizing DOE design

matrix for the digsclution of Precipitate IV.

St@&ard Run Order | ‘Ethanol C;nc {%) v
L 50 &4
2 20 §.4
3 ‘ 35 - 5.8
4 7 20 7.2
L] 50 7.2
§ | 50 T2
7 20 6.4
8 59 6.4
G 20 7.2
10 V 35 V 6.8

ERY)

The Minitablé DOE analysis concluded that the only factor
to have a p «0.05 for yield was the ethancol concentration
{Table 4). The results indicate that the lower the ethanol
concentration in the resusgpension buffer, the more
solubilized ApoA-I with the greatest vyield is observed
when the ethanol concentration was between 20 and 30%
{Figure 2). The pH of the resuspension solution showed a
minor affect with increasing the pH from 6.4 to 7.2
regulting in higher Apo A-I recoveries. However this was

not found to be significant (p=0.113).
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Table 4: Results for the 2* full factorial optimizing
degign for the dissclution of Precipitate IV.

Standard Run Order . Yield (g?ﬁ BRG)
1 ' 0.62
2 0.84
3 a.82
4 0.87
& .69
& Q.74
7 083
8 Q.72
8 J,88
10 | 0.82

Fig.3 further ghows the influence of the pH on the apo A-I
vield when using an ethancl concentration within the range
from 20 to 50%. The yield is maximized when Apo A-I is
suspenided in a buffer =solution (B} as described herein,
comprising ethanol in a concentration within the range of

15 and 30% and a pH within the range from &.4 to 7.2.

Example 4: Effect of Ethanol Concentration on Apo A-I

Recovery I from Precipitate IV.

A linear experiment was performed to determine at which
ethancl c¢oncentration the ApcA-I vield was maximized
during the solubilization sztep. Ethancl concentrations of
¢, 15 and 30% were tested in duplicate, as described

above. Table 5 is a summary of the results cobtained for
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the linear ethanol concentration experiment where ApoAd-I
yield was normalized and is expressed as g BpoA-I / L

plasma and purity is expressed as a percentage.

Table 5: Results for the linear ethanol concentration

experiment for the dissclution of Precipitate IV.

Standard Bun
order Bthanol Conc {%) yield (g/L PEQ)
1 o ‘ 0.47
2 15 0.81
3 0 0.84
4 3¢ Q.83
5 15 3.BG
§ 0 0.48

As shown in Fig. 4, the vyield of Apo A-I obtained from
plasma is maximized when using a buffer seolution (B)
compriging ethancl in a concentration within the range of

15 and 30%.

Example 5: Effect of Ethanol Concentration and pH on

Apo A-I Recovery from Precipitate IV

Precipitate IV was digsolved in two parts suspension
buffer made with 15 mM NaHCOs, 0.5 nM EBEDTA in wvarious
ethancel concentrations according to Table 6, after which
the pH was adjusted using either 0.5M HCL or 0.5M NaOH

acoording to Table &6,

After pH setting, a sample of the suspension was taken and

centrifuged for fifteen minutes at 4,500 ypm. The
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regsulting supernatant was submitted for analysis. The
results were normalized and are expressed as gramg of

apod-I / L plasma.

Previous studies had shown that during the Precipitate IV
re-guspensicn step, Apo A-I vield was wmaximized when an
ethanol concentration of 15%-30% was used in the
sugpension buffer. The pH of the re-guspension was found
to have only a minor effect, however the range examined
was narrvow, pH &€.4 - pH 7.2. 7To determine if a broader pH
range impacted Apo A-I yield, experiments were performed

according toe Table 6 and Apo A-I yield was calculated.

Takle 6: Re-suspension buffer and pH conditions.

Expariment Suspension
No. buffer PH
1470. 800,08 15% EBthanol 5.0
1470 .BO0R. 08 15% EBthanol 1.0
1470 . BQ08. 10 30% Ethancol 5.0
147Q.E808.13% 30% Bthanol 10.0
1470.ECG2.18 #9% Ethanel 7.4

The results from thése experiments are presented in Table
7. At pH 5.0 the Apo A-I vield was undetectable
irrespective of the ethancl concentration. Dissoclution at
20% ethanol, pH 7.4 and pH 10.0 in the presence of either
15% or 30% ethancl provided s=imilar levels of Apoc A-I

recovery {step b} (Table 7).
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Table 7: Resgults for the ethanol concentration and pH

experiment for the dissolution of Precipitate IV.

Parameters “I5% BEOH | 15% ELOH | 30% EtoH | 30% BtoH | 30% BeoH
pH 5.0 pE 10,0 pH 5.0 PH 106.0 pH 7.4
Yield .
. 4/ 3 ‘ ) a.
{g APD A-T/L Plasma) Hi& @.73 N/A Q.78 2,73
N/A. -~ undetectable levels of Apo A-I

Example 6: Protease Activity and Activated Coagulation

Factors in Recovered Apo A-T

Purification of Apo A-I involving precipitation of Apo A-I
and determination of proteolytic activity and the presence
16 of activated coagulation factors in Apo A-I precipitate

from step {(4).

An aligquot of Precipitate IV paste was dissolved in 32
parts of a suspension buffer (B) (15 mM NaHCO:;/20% ethanol
buffer}. The suspension was adjusted to a temperature of

18 0 x 1°C., The cooling devices were programed so that the
suspension reached a target temperature of 1°C in either
10, 65 or 120 minutes. The suspension was then mixed at
that temperature {about ¢ 3+ 1°C) for about one hour.
Following mixing, the pH of the gsuspension was adjusted

20 using either 0.5 M NaQH or 0.5 M HCl sclution to vield a
pH of about 7.3.

Ethanol precocled to -4°C was added to a final
concentration of 60% while maintaining the temperature of

the sguspension at ~1 to 29C. After the ethanol addition,

ut

the suspengion was wixed for about 30 minutes.

o]



WO 2014/194362 PCT/AU2014/000584

ig

is

26

32

Following the incubation, filter aid was added to the
suspension. The soluble Apo &A-I material (Apo A-I
filtrate} was sgeparated frow dnscluble impurities by
filtration through a depth filter that had been pre-washed
with 15 mM NaHCD;/60% ethanol. The filter cake was washead
with 15 mM NaHCO;/60% ethanol.

An amount of 0.5 M HCL sclution was added to the Apo A-I
filtrate to yield a suspension having a pH of 5.4 3+ 0.1.
The temperature of the suspension was adjusted to about
¢ *C and the pH/temperaturse conditions maintained for

akbout 2 hours.

Subsequently, filter aid was added to the suspension and
the Apc A-I precipitate was collected by depth filtration.
The depth filters were pre-washed with 60% ethancl. An
initial post-wash with 96% ethanol was performed followed

by a 20% ethanol post-wash.

The purified BApoA-I precipitate was analysed for
proteclytic activity and the Non-activated partial
thromboplastin time (NaPTT) clotting time was measured.
Thege tests provide an indication as to the amount of

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

To prepare the Apc A-I precipitate from step {d) for
testing, it was dissoclved by adding one part precipitate
to three parts 2% 5DS/100 mM Tris pH 8.5 buffer. Then the
Apo A-I containing suspension was mixed for between 45
minutes and 1 hour. The suspension was subsequently
centrifuged and the supernatant uged to determine

proteolytic activity and NaPTT).
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The proteclytic activity assay is a colorimetric method in
which the &po A-I containing supernatant was mixed 1:3
with a buffering solution (pH 8.0). This solution was
then added (200 gL) along with 20 uL of a pNA containing
substrate to microtiter plate wells, The plate was then
incubated at 37°C for 1¢ winutes prior to an initial
reading at 405 nwm. The incubation was continued under the
same conditions with further readings (405 nm) taken at
36, 60 and 30 minutes. &t the end of the incubation the
proteclytic activity (nkat/L) was calculated by measuring

the amount of pNA formed between 0 and 90 minutes.

The presence of activated coagulation factors in the apo
A-I precipitate lots {from step (d)) was tested by a
common non-activated partial thromboplastin time (NaPTT)

agsay according to Ph. Eur. monograph 2.6.22.

The results indicate that the levels of protease activity
and activated coagulation factors im the Apoc A-I
precipitate {at step (d)} can be minimized by shortening
the time taken to reduce the temperature to 1° ¢ during the

resolubilization of Fraction IV, at step (a} (Figure 3).

Example 7: Large-Scale Recovery of Apo A-I

Larger ecale batches {n=17} were mamnufactured by
disgolving Precipitate IV paste (500-550 kg} in 2 parts 15
mM  NaHCO:;/20% ethanol buffer. The suspension was then
adjusted to a temperature of 0 + 1° C and mixed for about
one hour. Following wmixzing, the pH was adjusted to 7.3

uging either 0.5 M NaOH or 0.5 M HCI.
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Brthanol was added up to a finmal concentration of 60% and
the suspengion wixed for about 15 minutes. The suspension
was then filtered through a filter presg that had been
pre-washed with a 15 mM NaHCO;/60% ethanol. The ensuing
filter cake was also washed with a 15 mM NaHCO,/80%

ethancl .

The results of testing were normalized and expressed as g
Apo A-I per L plasma. From 17 batches the wmean recovery

was 0.8g/L {at step (b)).

Example 8: Purification of Apc A-I from Kistler -~

Nitschmanm Fraction IV - effect of pH during resuspension

The effect of pH in re-suspending Apo A-TI from Precipitate
IV on the overall yield of purified Apo A~I was evaluated

by varying the pH in thes range of 7.2 - 12.0,

The method to obtain purified Apo A-I involved dissolving
Precipitate IV in two parts 20% EtOH Precipitate IV
dissolution buffer containing 15mM Sodium Carbonate (22 &
2 °Q). After addition of the buffer to the Precipitate
IV, the suspension temperature was lowered to 2 ¢C {2 + 1
°C} in about 15 minutes. After mixing for approximately
1% 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 congcentration of €0%.

The ensuing suspension was filtered in the presence of
Celite S$74. The pH of the Filtrate was then lowered to
about pH 5.3 and incubated for about 2 hours at about §°C.
Filter aid was then added, the suspension mixed for about

30 minutes Dbefore being filtered and the BApo &A-I
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precipitate collescted. The Apo A-I precipitate was then

delipidated with 96% ethanol.

To determine the Apo A-I content and other charactervistics
of the delipidated Apo A-I precipitate the precipitate was
digssolved at room temperature for 45 wminutes in 3 parts
100 mM Tris buffer, pH 8.5 containing 2% SDS. The samples

were centrifuged prior to analysis.

The influence of the pH at the Precipitate IV Resuspension
step on overall Apc A-I yield in the delipidated Apo A-T
precipitate was investigated with higher recovery levels
obtained when using higher pH extraction conditions {Table
8} . The amount of Apo A-I was determined using high
performance capillary electrophoresis (Hewlett Packard 3D
CE, Agilsnt Technology). The determination is performed
under denaturing conditions, that is, in the presence of
8Ds. Apo A-1 content can then be determined in both
agueous and in lipid containing samples {e.g.
reconstituted HDL). Briefly, samples (150aL) containing
approximately 2-3 mg/mL Apo A-I (if necessary diluted with
water} were prepaved with 16% SDS (25uL) and phenylalanine
{254L, 2 or 4mg/ml). The samples were then incubated in a
boiling water bath for 3 minutes prior to 1:2.5 dilution
in a electrophoresis buffer (50mM sodium borate, 0.2% SDS,
PH 5.1, 300uL) and filtered (0.45um). The samples were
then loaded onto a fused silica capillary (56cm by 50um
id, Agilent G1600-61232). Electrophoresis was carried out
at 28kV. The standard used was an International Apo A-I
Btandard ({BCR-393} and a standard curve established from

20 to 250 pg/wmb. Quantification is based on the relatiwve
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peak areas in comparison with the internal standard

{Phenylalanine} .

Table 8: Yield of purified Apo A-I {grams per liter
plasma)l as a function of the pH used to extract Apo A-I

from Fraction IV.

Production | pH pH pH pH pH pH
batahes 7.3 8.1 8.3 8.4 18.% 8.7

vield  {0.22 0.28 10.37 [0.53 [0.51]0.50 |0.58

The level of other plasma proteins in the purified Apo A-T
preparation {mg of plasma protein per gram of 3apc A-I}
were determined by nephelometry (BN ProSpec, Siemens) with
references, control and antiserum obtained from Siemens.
For the IgA content an N latex IgA kit from Siemens was

used in accordance with the manufacturer’s insbructions,

The level of other plasma proteins in the purified Apo A-I
preparations remained stable until the pH of the Fraction
IV extraction step reached pH 8.5, At higher pH
extraction conditiong, such as pH 8.7, the levels of the

plasma proteins increased (Table 9}.

Table 9: Inpurity levels in purified Apo A-I1 as &
function of the pH used to extract Apo A-I from Fraction
Iv.

Plasma protein | pH 7.3 pH 8.1 pH 8.3 pH 8.5 pH 8.7
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mglgapoa-y v

Afbumin <10.1 ©1 <102 <8.8 13.7
Alpha-1- 21 8.1 9.5 10.8 46.7
antitrypsin

Alpha-2- <1.4 <12 <1.4 <12 <1.4
macrogiobulin

Ceruloplasmin | <05 <0.5 | <{3.6 ” <(3.5 <0.6
Fibrinogen <4.6 <4.1 <4.6 <4.0 <4.5
Haptogiobin <2.3 <2.0 <2.3 <2.0 5.4
| Hemopexin <16 <1.4 <16 <1.4 2.2
[TeA | 0.02 0.03 0.06 0.2 0.7
18G <01 <0.1 0.15 0.6 34
igM 0.03 0.03 0.03 0.03 0.03
Transferrin <26 24 <26 3.0 15.4
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Clains

1.

A procegs of obtaining Apo A-I from an Ape A-I

containing protein fraction (&), comprising:

{a} suspending the Apce A-I  containing protein
fraction (A) in a buffer solution (B) comprising 15
to 30% of a linear or branched €, te ¢ alccohol (w/w),
wherein the suspended Apo A-I containing protein

fraction {A) has & pH in the range from 6.4 to 10.0,

{b} removing impurities from the suspension while

keeping the Apo A-I proteins solubilized,
{c} precipitating Apo A-I from the suspension, and
{d} cellecting the Apc A-I precipitate.

The process of claim 1, wherein the buffer sclution
{B} comprises 20% of the linear or branched ¢ to

alcohol {(w/w).

The process according to claim 1 or c¢laim 2, wherein
the suspended Apo A-I containing protein fraction (&)

has a pH in the range from 7.2 to 8.8.

The process according to any one of claims 1 te 3,
wherein the suspended Apc A-I containing protein

fraction {(A) has a pH in the range from 8.1 to 8.5.

The process according to c¢laim 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.

The process according te any one of claims 1 to §,
wherein the buffer solution (B} comprises 5 wM to 35

mM NaHCG,.



WO 2014/194362 PCT/AU2014/000584

~3

10,

11.

i4.

38

The process according to any one of claims 1 to §,
wherein the linesr or branched €, tg ¢ alcohol is

gthanai .,

The process according to any one of c¢laims 1 to 7,
wherein in step {a), the volume ratioc of aApo A-I
protein fraction (A} to buffer solution (B) is from

1:2 to 1:5.

The process according to any one of claims 1 to 8,
wherein the conductivity of the suspension formed at

step {a) ig less than 5 m8/cnm.

The process according to any one of claims 1 to 9,
wherein in step (b}, impurities are removed by
precipitation by adding linear or branched ¢, to C,
aleohol to an aleohol concentration of 55 to &65%

{w/w) .

The process according to any one of claims 1 to 10,
wherein in step (b) the linear or branched ¢ to C
aleohol added to the suspension has a temperature of

about -5°C tao 15 &,

The process according to any one of claims 1 to 11,
wherein in step (b}, impurities are removed by
precipitation followed by filtration, centrifugation,
decantation, ultrafiltration and/or sedimentation.

The process according to any one of claims 1 to 12,

wherein in step (¢}, the pH of the suspension is

adijusted in the range from 4.6 to 5.6.

The process according to any one of claims 1 to 13,

wherein in  step {cl, the temperature of the
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is.

20,

21,

23.

40

suspension is adjusted to -2 to 20°C to precipitate

Apo AT,

The process acceording to any one of claims 1 to 14,
further comprising step (e}, comprising delipidating
the collected Apo A-I precipitate through additicon of
ethanol in the range from 40 to 95% (w/w).

Apo A-I cobtained by a prodesg according to any one of

the preceding claims.

A purified Apo A-I comprising less than 0.3 mg of IgA

yer gram of Apo A-I.

A pharmaceutical composition comprising Apo A-I
according to c¢laim  1lé oxr claim 17 and &

pharmaceutically acceptable carrier or diluent.

A method of producing a pharmaceutical composition
including producing Apo A-I according to the method
of any one of claimg 1 to 15 and combining the Apo A-
I with a pharmaceutically acceptable carrier or

diluent

Recongtituted HDL comprising Ape A-I according to
claim 16 or claim 17.
A pharmaceutical composition comprising reconstituted

HDL according to claim 20 and & pharmaceutically

acceptable carrier or diluent.

A wmethod of preducing reconstituted HDL including
producing Apo A-I according to the method of any one
of claims 1 to 15 and combining the Apo A-1 with a
lipid to thereby produce reconstituted HDL.

A method of producing a pharmaceutical conmposition

including producing Apo A-I according to the method
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aof any one of claims 1 to 15; combining the Apo A-I
with a 1ipid te thereby produce reconstituted HDL;
and combining the reconstitued HODL  with &
pharmaceutically acceptable carrier or diluent to

thereby produce the pharmaceutical composition.
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Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one

ivention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct

groups:

o Invention 1: Claims 1-16, 19, 22, 23 (all in full) and claims 18, 20 and 21 (all partially) are to a process of producing purified
Apo A-I comprising suspending the Apo A-I containing protein fraction in a buffer containing 15 to 30% of a linear or
branched C1 to C4 alcohol (w/w), the suspended Apo A-I containing protein fraction having a pH in the range from 6.4 to 10.0,
the method further comprises removing impurities from the suspension and precipitating Apo A-I. The use of purified Apo A-I
produced by the above process, in preparing pharmaceutical formulations, reconstituted HDL (tHDL) and methods to preparing
of preparing pharmaceutical compositions and rHDL.

e Ttis considered that the purified Apo A-I produced by the above process is the first distinguishing feature.

¢ Invention 2: Claim 17 (In full) and claims 18, 20 and 21 (all partially) are to a purified Apo A-I comprising less than 0.3 mg of
IgA per gram of Apo A-L.

o It is considered that a purified Apo A-I comprising less than 0.3 mg of IgA per gram of Apo A-I is the second distinguishing
feature.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,

defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identitied features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is a purified Apo A-1

However this feature does not make a contribution over the prior art because it is disclosed in:

D2: WO 2009/025754. D2 discloses a process for purifying Apo A-T and obtaining Apo A-I preparations that were up to §89% pure
and corresponded to pharmaceutical grade purity (see Example 2; page 30 from [00110] to [00112]). Thus the technical feature
linking invention 1 with invention 2 is disclosed in D2.

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied «

posteriori.
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