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Description

Hepatitis B virus (HBV) infection is a public heaith problem of worldwide importance. HBV causes an in-
curable and sometimes fatal liver disease which strikas an estimated 20,000 new victims every year in the
United States alone. In the Far-East, Africa and Eastern Europe about 10% of the population are chronic
carriers of HBV with the result that chronic active hepatitis and liver cirrhosis are major causes of mortality.
Further, there is strong evidence that carriers of HBV are far more susceptible to liver cancer, HBV being
one of the few viruses known fo be involved in human cancer.

Thus, there exists an urgent need for the production of a safe and economically feasible vaccine for
protection against HBV infection. Several approaches have been taken to produce such a vaccine. (See
Tiollais et al., Nature 317: 489-495 (1985); Patzer et al., Vaccines 85: 261-264, Cold Spring Harbour (1985);
and Zuckerman, Infection 13: 61-71, Supplement A (1986} for reviews.)

As described in the above reviews, the basic component of all the vaccines that have been produced is
the Hepatitis B surface antigen (HBsAg). It was originally isolated from the plasma of chronic sufferers of
HBV infection and employed as an effective vaccine against HBV infection.

HBsAg in the plasma of HBV-infected carriers is present both in the 42 nm HBV infectious viral
particles (Dane Particles) and in the form of a non-infecticus 22 nm particle which is free of HBV-DNA and
other HBV structural proteins. These 22 nm particles are overproduced in both HBV chronic human carriers
or during HBV viremia. These 22 nm particles are secreted by HBV transformed hepatoma csll lines.

The 22 nm HBsAg particles, which are highly immunogenic are composed of six related proteins: (a)
the major proteins P-24, non-glycosylated form of molecular weight 24,000 daltons (24K} and GP-27, the
glycosylated form of P-24, of molecular weight 27,000 daltons (27K). These are encoded by the S region of
the HBV genome, and have 226 amino acids; (b) the minor proteins GP-33, a single glycosylated form of
molecular weight 33,000 dattons (33K) and GP-36, a double glycosylated form of molecular weight 36,000
daltons (36K). These are encoded by the Pre-S2 and S region of the HBV genome and have 281 amino
acids (226 S region + 55 Pre-S2 region); () the minor proteins P-39, a non-giycosylated form and GP-42,
a glycosylated form of P-39 having respective molecular weights of 38,000 and 42,000 daltons (39K, 42K).
These are encoded by the Pre-S1, Pre-S2 and S region of the HBV genome and have between 389 and
400 amino acids {226 S + 55 Pre-S2 + {108 - 119 Pre-S1). Thus, all the proteins of the HBsAg 22 nm
particles are encoded in the same uninterrupted sequence of HBV genome DNA, their final form depending
on where gene expression (transcription and translation) was initiated and whether and to what extent they
were glycosylated post-transiationally.

22 nm HBsAg particles can be assembled from P-24/GP-27 (S region) independently of Pre-52 and
Pre-S1 products. Recently, it has been shown that the Pre-82 specific proteins, GP-33 and GP-36, and the
Pre-S1 specific proteins, GP-39 and GP-42, have antigenic determinants independent of P-24 and result in
an snhanced immunogenicity when present in HBsAg 22 nm particles.

Further, when the Pre-S2 and Pre-S1 proteins are present thé 22 nm HBsAg particles have the ability to
bind polymerized human serum albumin which is directly related to the ability of HBV viral particles being
able to bind target cells during HBV infection. Thus, HBsAg particies containing both the Pre-S and the S
region protein determinants can be employed as a vaccine that will elicit a response to neutralize viral
particles and to prevent such particles from infecting target cells. In this way, such a vaccine offers effective
long term protection against HBV infection (for example, see Persing et al., Proc. Natl. Acad. Sci. USA 82:
3440-3444 (1985); Neurath et al., Nature 315: 154-156 (1985); Neurath et al., Cell 46: 429-436 (1986); Petit
ot al., Mol. Immunol. 23: 511-523 (19886); and Milich et al., J. Immunol. 137: 315-322 (1 986).

Methods of HBsAg Vaccine Production and Vaccines Produced by These Methods

1) Bloed Plasma Derived Vaccines

In general the original HBsAg vaccines approved for use and employed in immunization programs were
derived from the plasma of chronic carriers of HBV. The following are examples of the methods of
production of plasma-derived vaccine:

(a) The Heptavax B® vaccine produced by Merck, Sharp and Dohme (see review Hilleman et al., J.
infection 7: 3-8, Supplement | (1983);

{b) The Hevac B® vaccine produced by the Pasteur Institute (see review Adamowicz et al., Vaccine 2:
209-214 (1984); and U.S. Patent No. 4,335,214 issued June 15, 1982, -

Both of the above methods are claimed to give plasma-derived HBsAg 22 nm partictes of very high
purity and free of infectious contaminants and thus safe for use as human vaccines. Key steps used in
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these methods are however both time consuming and expensive, as they involve polyethylene glycol (PEG)
or ammonium sulphate fractionations and subsequent ultracentrifugations in sucrose and caesium chloride
gradients. Other more rapid and cheaper methods for producing plasma-derived HBsAg vaccine have been
described, but commonly include steps of polysthylene glycol (PEG) or ammonium sulphate fractionation,
isopycnic separations using ultra-centrifugation, and chromatographic separations on a variety of
chromatographic resins. All of these methods, however, are expensive and time consuming resulting in a
high cost for human plasma-derived vaccines (see review in "Hepatitis B Vaccine” Maupas and Guesry
Eds. (1981) Elsevier/North Holland Biomedical Press, Amsterdam, New York, Oxford). Finally, the major
drawback of the plasma-derived HBsAg 22 nm particle containing vaccine, is its potential health hazard.
Although the methods of production employ materials to inactivate possible co-purified contaminants which
may include AIDS virus, the potential danger still exists that such vaccines may cause undesirable side-
effects (see Walgate, Nature 304: 297 (1983). For this reason the use of recombinant DNA techniques has
been applied to the production of 22 nm HBsAg particles for vaccines, which provides for an efficient and
safe method of obtaining HBsAg particles free of potentially dangerous human plasma-derived con-
taminants.

2) Production of HBsAg Vaccines by Recombinant Methods in Procaryotic (Escherichia coli) Systems

The process for construction of recombinant vectors and plasmids for expression of HBsAg and for
purification of HBsAg from prokaryotic systems has been described (for example, see Galilbert et al,, U.S.
Patent No. 4,428,941, issued January 31, 1984 and Takeda Chem. Industries patent applications EPO
068719 A2, published January 5, 1983 and WO 86/00640, published January 30, 1986). The methods for
producing HBsAg from these transformed bacterial systems are based on those previously described for
plasma-derived HBsAg. However, as these prokaryotic systems are incapable of secreting the HBsAg
produced, an additional step of lysing transformed cells is necessary. This gives rise to the possibility of
copurifying potentially hazardous bacterial endotoxins. Further, prokaryotic systems are neither able to
glycosylate HBsAg products nor to assemble them into 22 nm particles. Vaccines produced this way are
thus inferior to plasma-derived products (see Charnay et al., Nature 286: 893-895 (1 980).

Thus, eucaryotic expression systems for recombinant HBsAg production have been developed; these
systems are able to produce HBsAg that is both glycosylated and assembled into 22 nm particles.

3) Production of HBsAg Vaccines in Eucaryotic Cell Culture Employing Yeast Cells

Examples of HBsAg vaccines produced in eucaryotic cell culture employing yeast cells include the
commercially available Recombivax HB® vaccine, produced by Merck, Sharp and Dohme {MSD) (ses Emini
et al, J. Infection 13: 3-8 supplement A (1986)) and the recombinant HBsAg vaccine produced by
SmithKline Beckman Corp. {see U.S. Patent No. 4,649,192, iSsued January 10, 1987 and EPQ Application
199698A, published October 29, 1986).

The HBsAg particles produced by these methods, however, are the products of only the S region
having no Pre-S1 or Pre-S2 determinants as the transforming plasmid contains only the S region sequence.
These particles are therefore not as immunogenic as the "natural” plasma-derived particles. Yeast cells are
also incapable of secreting HBsAg particles, and although they can glycosylate HBsAg protsins, this
glycosylation is not the same as that of mammalian cells. Although assembly of 22 nm particles takes place
in yeast, the particles are unstable. The method of production requires chemical treatment of the yeast-
produced HBsAg to achieve a final product similar to that of plasma origin; also formalin treatment is
deemed necessary to make the product safe for human use. Both of these methods as well as purification
steps employing detergents and urea can alter the HBsAg molecule structurally which can lead to a loss of
antigenicity, and increase the costs of production.

More recently, yeast systems have been employed to produce HBsAg particles which contain Pre-S2
determinants in addition to the S region determinants (see for example EPO 171908 A3, published February
19, 1986, Takeda Chem. ind. Japan; and EPO 175261 A2, published March 26, 1986, Chiron Corp.).
Although these proposed vaccines do contain Pre-S2 region determinants, they still lack those of the Pre-S1
region. Further, the methods of production are still problematic as described above because of the use of
the yeast system.

Thus, the system for producing HBsAg particle vaccines that appears to have the most advantages is
the mammalian cell culture method.
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4) Vaccines and Their Methods of Production in Mammalian Csll Culture Systerns

In mammalian cell culture systems glycosylation of the HBsAg particles is the same as that of "natural”
HBV particles from human carriers. The HBsAg particles produced are also assembled in the “natural™ way
requiring no further chemical manipulations. Finally, the 22 nm HBsAg particles are secreted by these cells
into the culture medium from which they may be easily purified without lysing the cells.

However, a major problem in the synthesis of recombinant HBsAg vaccine in mammalian tissue cuiture
is the synthesis of the complete spectrum of the HBsAg proteins assembled into authentic 22 nm HBsAg
particles. It appears that the Pre-S1 containing proteins (P-39 and GP-42} inhibit the secretion of 22 nm
HBsAg particles (see for example Ou and Rutter, J. Virol. 81: 782-786 (1987); Persing et al., J. Virol. 61:
1672-1677 (1987)). -

Some potential HBsAg vaccines produced by the mammalian cell system used heterologous oncogenic
viral expression vectors {e.g. SV40, adenovirus) to direct the expression of HBsAg. These methods resulted
in the production of HBsAg particles which did not contain Pre-S1 determinants, having only Pre-S2 and S
regions expressed. The use of heterologous regulatory elements to express the HBsAg particle results in
inefficient assembly thus leading to lower yislds. Because of the lower yields and lack of pre-S1 region, it is
also immunogenically inferior. Finally, the purification methods described in these systems are both time-
consuming and expensive, commonly involving the use of PEG or ammonium sulphate fractionations
followed by ultracentrifugations to achieve purified HBsAg (see for example EPO 0389765 A1, published
October 28, 1981, EPO 145589 A3, published June 19, 1985; EPO 201416 A1, published November 12,
1986; and EPO 185573 A1, published June 25, 1986, all assigned to the Pasteur Institute).

Other processes to produce HBsAg particles from recombinant mammalian cell cuiture have been
described (see, for example, EPO 168234 A2, published January 15, 1986, assigned to Genentech Corp.).
This system, however, also employs costly time consuming steps of ammonium sulphate or PEG
fractionation and centrifugations to achieve a purified product. The final product of HBsAg particles in this
system contains only the S region proteins.

Recently, a system was described which claimed success in using a mammalian cell culture system to
produce HBsAg particles that contain proteins having all the immunogenic determinants, namsly Pre-S1,
Pre-S2 and S. However, this system also uses a heterologous regulatory sequence for gene expression (a
mouse metaliothionsein promoter) which requires culture of cells in the presence of heavy metal ions and/or
steroid hormones. These may be potentially harmful if they are not removed from the final product. In
addition, the method of production described also contains costly and time consuming steps of PEG
fractionation and subsequent centrifugation to achieve a purified product. Further, because of the use of
heterologous gene regulatory sequences in the expression system, the stoichiomstry of Pre-S1, Pre-S2 and
S determinants may not be ideal for achieving an HBsAg product that has high immunogenicity. (See EPO
198474 A1, published October 22, 1986, assigned to Endotronics.)

5) Novel Method of Vaccine Production in Mammalian Cell Culture Systerns

In view of the above-described drawbacks in the production of recombinant mammalian cell vaccines,
applicant has developed a novel, inexpensive process to produce large amounts of highly purified HBsAg
particles that are highly immunogenic and bear a close resemblance to the "natural” product. Such
particles provide the basis for a very effective and inexpensive vaccine. In addition, the novel product
contains all of the antigenic determinants, namely those of the Pre-S1, Pre-52 and S regions which are
produced in an expression system employing the "natural” HBV gene regulatory sequences, resulting in
particles being stoichiometrically similar to the "natural” plasma-derived particles.

Youn et al., Vaccine 7:60-68 (1989), disclose the purification and characterization of Pre-S containing
hepatitis B surface antigens produced in recombinant mammalian cell culture. The methods disclosed by
Youn et al. include polyethylene glycol precipitation, isopycnic ultracentrifugation and sucrose density
ultracentrifugation.

Youn et al. do not teach or suggest the method of purification of HBsAg disciosed hersin.

SUMMARY OF THE INVENTION

The subject invention provides a novel process for producing purified, hepatitis B surface antigen
particles which comprises:

(a) culturing mammalian cells which produce the particles in a culture medium so that the cells secrete

hepatitis B surface antigen particles into the culture medium, the medium being supplemented with a
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serum which is free of molecules having a molecular weight greater than about 3 X 10° daltons;

(b} removing whole cells, cellular debris and particle aggregates from the resulting culture medium
containing the hepatitis B surface antigen particles;

(c) treating the resulting culture medium so as to concentrate and purify the hepatitis B surface antigen
particles present therein; and

{d) recovering the resulting concentrated, purified hepatitis B surface antigen particles.

In an especially preferred process of the invention, a purified, concentrated human hepatitis B surface
antigen may be obtained by:

(a) culturing mammalian cells which produce the particles in a culture medium so that the cells secrete
human hepatitis B surface antigen particles into the culture medium, the medium being supplemented
with a serum which Is free of molecules having a molecular weight greater than about 3 X 10° daltons;
{b) removing whole cells, cellular debris and particle aggregates from the resulting culture medium
containing the human hepatitis B surface antigen particles;

(¢) treating the resulting culture medium so as to obtain a solution containing concentrated human
hepatitis B surface antigen particles;

(d) treating the resulting solution containing concentrated antigen particles so as {0 decrease the DNA
content of the solution;

(e) adjusting the pH of the then-resulting solution containing concentrated and purified surface aniigen
particles so as to, if necessary, obtain a pH between about 3.0 and about 7.0;

{f) purifying the concentrated surface antigen particles present within the resulting solution; and

(g) recovering the purified, concentrated human hepatitis B surface antigen particles.

More specifically, the subject invention concerns a novel process for purifying hepatitis B surface
antigen particles, spacifically highly immunogenic 22 nm HBsAg particles. These particles are used as an
antigen to elicit an immune response to neutralize HBV viral infection against target cells. More partlcularly.
the purification process is characterized in that a novel prefractionation step, i.e., via ultrafiliration, is
employed to remove molecules having a molecular weight greater than about 3 X 10° daltons from a culture
media into which the hepatitis B surface antigen particles are secreted.

The purification process of the subject invention involves various steps. In the first step, HBsAg
particles were grown and secreted into a culture media supplemented with a growth serum. The culture
media was first pre-fractionated to remove cell contaminants having a high molecular weight, i.e., above
300K. Prefractionation of the supplemented culture media is an important step allowing high purity to be
obtained employing the least number of purification steps. The molecules having a molecular weight greater
than about 3 X 10° daltons include high molecular weight protein complex contaminants which originate in
the feta! calf serum used in the culture media and their prior removal has the following advantages:

(1) cells may be grown in culiure media containing high levels of FCS;

(2) coll growth is enhanced because the high molecular welght complexes may possibly be inhibitory to
cell growth; and

(3) purification of HBsAg is simplified because these high molecular weight protein complexes are
usually the major contaminants removed by purification processes.

Subsequent purification steps require primarily separation of high molecular weight HBsAg particles
from lower molecular weight molecules, i.e., protein contaminants. First, whole cells, cellular debris and
particle aggregates from the resulting culture medium containing the hepatitis B surface antigen particles
are removed. The resulting culture medium is then treated so as to concentrate and purify the hepatitis B
surface antigen particles present therein, and the resulting concentrated, purified hepatitis B surface antigen
particles are then removed. These steps are described in greater detail in the examples which follow, in
particular in Example 5, below.

In an especially preferred embodiment of the invention, purified, concentrated human hepatitis B
surface antigen is produced. The process comprises, subsequent to the first three steps of the purification
process taught in Example 5, i.e., prefractionation of the culture media, removal of whole cells, cellular
debris and particle aggregates from collected culture media containing HBsAg particles, and treatment of
the resulting culture medium so as to obtain a solution containing concentrated human HBsAg particles, a
variation of the purification process described above. The resulting solution containing concentrated antigen
particles is treated so as to decrease the DNA content of the solution, and then the pH is adjusted, if
necessary, o as to obfain a pH between about 3.0 and about 7.0. In one preferred embodiment of the
invention, the pH is adjusted by treatment of the solution with an acid so that turbidity develops. The
turbidity contains the protein contaminants and can be separated from the hepatitis B surface antigen
particles. The purified, concentrated human hepatitis B surface antigen particles are then recovered. These
differences and the advantages of these differences over the process used in Example 5 are described in
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greater detail in Example 11.

Using the methods of the invention, enhanced levels of cell growth in media containing FCS is
achieved, together with the ability to highly purify in a simplified way, HBsAg particles secreted by these
cells. The method does not employ polyethylene glycol (PEG) or ammonium suiphate fractionations nor
separations by centrifugation (including ultracentrifugation) or affinity chromatography. The method is rapid
and efficient resulting in high yields of highly purified product and, becauss it is based on components that
may be recycled, it is very inexpensive. Applicant is thus able to produce a product of high purity at very
low cost. This thus provides applicant with the ability to provide an effective HBV vaccine with a much wider
spectrum of potential users who could previously not afford the much more expensive presently available
vaccines.

Using the invention a HBsAg particle may be produced by a mammalian cell system which contains all
of the naturally occurring antigenic determinants (Pre-S1, Pre-S2 and 8) in amounts that resemble the
"natural” stoichiometry. This product is immunogenic for all potential users and can overcome problems of
non-responsiveness to S region or Pre-S2 region determinants by having Pre-S1 determinants as well (see,
for example, Zuckerman, J. Infection 13: 61-67 (Supplement A) (1986)).

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Schematic representation of pSPHBV8-1 construction. p7.5AL26 (11,800 bp) was digested
with Pstl and the 3800 bp fragment isolated. The fragment, containing HBV sequences,
flanked by human Alexander DNA was subcloned in the Psti site of pSP64 by ligation with
T+ DNA ligase.

Figure 2. Schematic representation of pSPHBVBS construction. pSPHBVE-1 was fully digested with
EcoRl and Xbal, followed by isolation of the 500 bp fragment containing HBV-AL26
promoter and coding sequence for Pre-S1. In a separate reaction, pSPHBVE-1 was
digested with EcoRl and Pstt and the 2400 bp fragment, containing coding sequences for
Pre-S2 and S, as well as HBV-AL26 enhancer and polyadenylation signal, was isolated.
Both fragments were subcloned in tandem into pSPE5 cut with Xbal and Pstl, in a triple-
ligation procedure.

Figure 3. Schematic representation of pSPHBVA13 and pSPHBVB813 construction. The dhfr gene
flanked by SV40 Pg and SV40 poly-adenylation signal was isolated from pSVE100-dhir by
digestion with EcoRl, filling ends in with Klenow fragments and further digestion with Smal.
The 1300 bp blunt-ended fragment was sub-cloned into the Pvull site of pSPHBVE-1 and
pSPHBVBS, yielding plasmids pSPHBVA13 and pSPHBVB813 which harbor sequences
for HBsAg as well as dhfr. :

Figure 4. Figure 4 is a flow diagram illustrating preferred method A for production and purification of
HBsAg particles. -
Figure 5. Sucrose banding of HBsAg - purified HBsAg particles. The particles were loaded on a

Sucrose gradient between 50-5% sucrose, ultracentrifuged in Beckman® SW 27 rotor at
27000 rpm at 16-21°C for 18 hours. 1.8 ml fractions pooled from the bottomn were
analyzed for HBsAg presence and sucrose concentration (refractometer).
Figure 6. Solid phase radioimmunoassay for HBsAg: A solid phase radioimmunoassay kit
{Traveno!) was used.
{a) known standards (Abbott) were compared to a calibration curve of applicant's
recombinant HBsAg (CHO).
(b} calibration curve of recombinant HBsAg vaccine produced in CHO cells - applicant's
vaccine (CHO) was compared to calibration curves of plasma derived (HBsAg) vaccine
- Heptavax B® and with yeast recombinant vaccine - Recombivax HB®.
Figure 7: HBsAg potency assay by seroconversion: applicant's vaccine (CHO) was compared with
plasma derived vaccine - Heptavax B® and with yeast recombinant vaccine - Recombivax
HB®. Balb/c mice were infected intraperitoneally with 1 ml vaccine (10 mice were used
for each vaccine concentration). Thirty days after injection the mice were exsanguinated
and serum was tested for presence of anti-HBsAg antibodies by Ausab EIA™ kit
(Abbott®) calibrated against refsrence serum (WHO).

Figure 8: This is a flow diagram, illustrating the especially preferred method for production and
purification of HBsAg particles {preferred method B).
Figure 9: This is a flow diagram illustrating preferred method G for production and purification of

HBsAg particles.
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Figure 10: Detection and quantitation of anti-S antibodies in non-responding mice injected with
applicant's vaccine compared with a yeast recombinant vaccine - Recombivax HB®.

DETAILED DESCRIPTION OF THE INVENTION

The subject invention provides a novel process for producing purified, hepatitis B surface antigen
particles which comprises:

(a) culturing mammalian cells which produce the particles in a culture medium so that the cells secrete
hepatitis B surface antigen particles into the culture medium, the medium being suppiemented with a
serum which is free of molecules having a molecular weight greater than about 3 X 105 daltons;

(b) removing whole cells, cellular debris and particle aggregates from the resulting culture medium
containing the hepatitis B surface antigen particles;

(c) treating the resulting culture medium so as to concentrate and purify the hepatitis B surface antigen
particles present thersin; and

(d) recovering the resulting concentrated, purified hepatitis B surface antigen particles.

The particles produced by the above process may be human hepatitis B surface antigen particles.

The invention further provides a process for recovering purified HBsAg particles comprising further
purifying the HBsAg particles obtained in step (c) to remove low molecular weight contaminants by
subjecting a solution containing the particles through a chromatography column and recovering these
particles. Concentration of step (c) is conducted under suitable conditions {o allow further purification of the
particles in a non-batch purification system.

It is an important element of the invention that the serum which is added to the medium containing the
mammalian cells which secrete the hepatitis particles, such as fetal calf serum, be free of high molecular
weight contaminant proteins (i.e., proteins having a molecular weight greater than about 300,000 daltons)
prior to placing the cells in the medium. Such proteins are removed from the serum by, for example, pre-
fractionating the serum, i.e., through ultrafiliration.

Failure to remove contaminating proteins having a molecular weight greater than about 300K from the
serum results in high levels of contaminating proteins in subsequent purification steps, lower yields and
reduced purity.

While prefractionation was effected in the subject invention by using an ultrafiltration step, it will be
appreciated by those skilled in the art that any method for reducing high molecular weight contaminant
proteins from the serum added to the medium will provide the same results.

Separation of the hepatitis B surface antigen particles from whole cells, cellular debris and particle
aggregates may also be effected by any means known fo those skilled in the art although an ultrafiltration
step is preferred. The filtrate containing the HBsAg particles obtained from the ultrafiltration step is then
collected for further purification.

Because the batch volumes used in separation step (b) are too large to be applied to the preferred
subsequent purification steps on chromatographic columns, e.g., gel chromatography steps, the HBsAg
particles may be further concentrated and further purified. Purification is preferably accomplished by
subjecting the filtrate obtained after separation step (b) to an ultrafiliration step which removes contaminat-
ing molecules having molecular weight below about 300K. The retentate containing the desired HBsAg
paricles may then be further purified. In a preferred embodiment of the invention, further purification is
effected by dialysis and dialysis is followed preferably by another ultrafiltration step to further concentrate.

The concentrated, purified HBsAg particles may then be further purified by using chromatography,
preferably a gel filtration column, to further remove contaminating small molecular weight particles. The gel
fliration step is preferably repeated a second time for further purification. The gel filiration chromatography
is preferably done on a column of an allyl dextran covalently cross-linked with N,N' methylene
bisacrylamide. The gsl filtration column excludes molecules of molecular weight greater than about 1 X 10
daltons. The process is described in greater detail in the examples which follow, particularly Example 5.

In an especially preferred process of the invention, a purified, concentrated human hepatitis B surface
antigen may be obtained by:

{(a) culturing mammalian c¢ells which producse the particles in a culture medium so that the cells secrete
human hepatitis B surface antigen particles into the culture medium, the medium being supplemented
with a serum which is free of molecules having a molecular weight greater than about 3 X 10° daltons;
{b) removing whole cells, celiular debris and particle aggregates from the resulting culture medium
containing the human hepatitis B surface antigen particles;

(c) treating the resulting culture medium so as to obtain a solution containing concentrated human
hepatitis B surface antigen particles;
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(d) treating the resulting solution containing concentrated antigen particles so as to decrease the DNA
content of the solution;

(o) adjusting the pH of the then-resulting solution containing concentrated and purified surface antigen
particles so as to, if necessary, obtain a pH between about 3.0 and about 7.0;

(f) purifying the concentrated surface antigen particles present within the resulting solution; and

(g) recovering the purified, concentrated human hepatitis B surface antigen particles.

This especially preferred example is described further in Example 11. According to this especially
preferred method, the solution containing concentrated antigen particles recovered from step (c) is further
purified prior to recovery. Steps a, b, and ¢ of the especially preferred methed are the same as in the
process described in Example 5, and the above description of the process of Example 5 also applies to the
process of Example 11. An additional preferred method is described in Example 13.

After the culture medium is treated so as to obtain a solution containing concenfrated human hepatitis B
surface antigen particies, the resulting solution is treated so as to decrease the DNA content of the solution.
In one preferred method (see Example 11), the treatment to decrease the DNA content comprises adding
DNase to the solution. In another preferred method (see Example 13), the treatment to decrease the DNA
content comprises subjecting the solution to anion exchange chromatography, preferably on a column of
crosslinked agarose having diethylaminoethyl functional groups present thereon. This anion exchange
chromatography step may also follow the treatment with a DNase solution.

The pH of the then-resulting solution containing concentrated and purified surface antigen particles is
then adjusted, if necessary, to obtain a pH between about 3.0 and about 7.0. In one preferred embodiment
of the invention, the pH is adjusted by treating the then-resulting solution with an acid, and turbidity
develops. The turbidity contains protein contaminants and can be separated from the human hepatitis B
surface antigen particles, preferably by centrifugation. This step is the further purification of the acid-treated
antigen particles.

Alternatively, DNA and protein contaminants may be removed from the above solution of antigen
particles by using ion exchange chromatography, preferably anion exchange chromatography, whereby the
HBsAg particles elute with the flow-through volume and DNA and protein contaminants are bound to or
retarded by the column. The anion exchange column is preferably a DEAE anion exchange column. In an
especially preferred embodiment of the invention, the anion exchange column used to remove the DNA and
other contaminants is a crosstinked agarose column with DEAE functional groups. One example of such a
column is DEAE-Sepharose. This process is described in greater detail in Example 13.

Another alternative is to combine the above two procedures, i.e., to decrease the DNA content by
DNase treatment followed by acidification and subsequent removal of DNA on a DEAE column.

While it will be clear to those skilled in the art that any purification method may be used for further
purification after removal of DNA, e.g., cation or anion exchange chromatography, strong cation exchange
chromatography is preferred, such as using a column with a sulfonic acid functional group. In an especially
preferred embodiment of the invention, the cation exchange Tolumn used for further purification is a
copolymer of N-acrylolyl-2-amino-2-hydroxymethyi-1.3 propane-diol which has as sulfonic acid functional
group the chemical grouping:

- CONH - C(CHs)2 - CHz - 803 H

One example of such a column is SP-Trisacryl® LS.

The highly purified, concentrated antigen particles may also be treated with formaldehyde to inactivate
any live organisms and viruses present, prior to further concentration, preferably by ulirafiltration. The
resulting further concentrated particles are then purified by chromatography, preferably gel filtration
chromatography. A preferred gel filtration column is of an allyl dextran covalently crosslinked with N,N'
mathylene bisacrylamide.

As described in Example 10, when alternate steps to the preferred steps of the invention were used,
many problems arose. Thus, for example, when centrifugation was used for separation rather than
ultrafilttration, major cell contaminants such as cell membranes and lipid complexes were not removed
leading to reduced overall yield and decreased HBsAg particles purity. The centrifugation is also costly and
time-consuming. Using a 0.22 micron membrane sterilization system resulted in different problems de-
scribed in the examples.

Similarly, when PEG was used to concentrate rather than ultrafiltration, only 75% recovery of HBsAg
particles was found. Also, purity was lower and the process was more time-consuming.

Accordingly, although alternative methods such as those described in Example 10 and those which
would be appreciated by a person skilled in the art may be used, preferred method steps are discussed in
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Example 5. Moreover, as discussed above, an especially preferred embodiment of the invention is detailed
by Example 11.

Any mammalian cell capable of expressing cDNA encoding hepatitis B surface antigen may be used.
Preferred cells are the Chinese Hamster Ovary {CHO) cells, especially CHO-HB200 cells.

Hepatitis B surface antigen is obtained by culturing the mammalian cell, e.g., CHO-HB200. Cuiture
conditions are known to those skilled in the art. Culturing may be performed in roller bottles or in fermentors
using micro-carriers.

Purified hepatitis B surface antigen particles are recovered from the processes. As described above,
these purified particles comprise the pre-S1, pre-S2 and S surface antigen polypeptides of hepatitis B
surface antigen and the purity level obtained may reach as high as 95 to 98-99% purity (85% to 98-99%
free of protein contaminants). The purified, hepatitis B surface antigen particles further comprise pre-S1,
pre-S2 and S surface antigen polypeptides in stoichiometric amounts approximating those of plasma-
derived particles.

More specifically, purified hepatitis B surface antigen particles may contain surface antigen polypep-
tides wherein the S surface antigen polypeptide comprises 75-80% of the particle, the pre-S$2 surface
antigen polypeptide comprises 10-15% of the particle and the pre-S1 surface antigen polypeptide com-
prises 5-10% of the particle. In one specific embodiment of the invention, the S surface antigen polypeptide
comprises 78% of the particle, the pre-S2 surface antigen polypeptide comprises 14% of the particle and
the pre-S1 surface antigen polypeptide comprises 8% of the particle.

EXAMPLES

The examples which follow are set forth to aid in understanding the invention but are not intended to
and should not be construed to, limit its scope in any way. The examples do not include detailed
descriptions for conventional methods employed in the construction of vectors, the insertion of genes
encoding polypeptides into such vectors or the introduction of the resulting plasmids into hosts. The
examples also do not include detailed descriptions for conventional methods employed for assaying the
polypeptides produced by such host vector systems. Further, the examples do not include detailed
descriptions for conventional methods of mammalian tissue culture nor recombinant DNA transformation of
the tissue culture cells. Finally, the examples do not include detailed descriptions for conventional methods
of ultrafiliration and gel filtration, to purify polypeptides produced by the transformed tissue culture cells.

Such methods are well-known to those of ordinary skill in the art and are described in numerous
publications, for example the following:

General Molecular Biology Msthods

Maniatis et at., Molecular Cloning: A Laboratory Manual,-Cold Spring Harbour Laboratory, New York
(1982); Davis et al., Basic Methods in Molecular Biology, Elsevier, New York, Amsterdam (1986).

Mammalian Tissue Culture Methods

Uslaub and Chasin, Proc. Natl. Acad. Sci. 77: 4216-4220 (1980); Pellicer et al., Science 209: 1414-1422
(1980); Laub et al., J. Virol. 48: 271-280 (1983); Petzer et al. in Viral Hepatitis and Liver Disease, Vyas et al.
(eds), pp. 477-485, Grune and Stratton Inc., Orlando, Florida (1984); Michet et al., Bio/Technology 3: 561-
566 (1985).

Ultrafiltration Methods

Trudel et al., Process Biochem. 18: 2-9 (1983).

Gel Filtration Methods

Fischer in "Gel Filtration Chromatography", Elsevier, Amsterdam (1980).

Mammalian Cell Lines

Applicant has used cell lines designated CHO*Mr 17 5A126 and CHO®™™ p7.5A1.26 developed at the
Weizmann Institute/Yeda Ressarch and Development Company and dseposited with the Institute Pasteur
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under Deposition Nos. I-574 and I-575, respectively. The construction of these plasmids is described in
pending European patent applications. Other mammalian celi lines similarly containing the HBsAg gene
region on a selectable transforming plasmid may also be employed in performing the invention.

EXAMPLE 1

Cell Lines and Plasmids Developed and Employed in this Invention

Applicant used CHO cell line CHOM2% n7.5AL26 (Figure 1) to produce and purify HBsAg particles.
However, applicant found this cell line to be contaminated with mycoplasmas, which therefore necessitated
curing before use.

This cell line was constructed by transfecting CHO dhir~ cells with DNA from plasmid p7.5AL26 and
DNA from a plasmid containing the dhfr gense. The ratio of p7.5AL26 DNA to plasmid DNA containing the
dhfr gene was 10:1,

Plasmid p7.5AL26 was constructed by inserting into the EcoRl site of pBR322, a 7.5 Kb EcoRI fragment
which contains the entire intagrated HBV surface antigen gene including the pre-S1 and pre-S2 regions as
well as the HBV promoters designated "TATA" promoter and "SV 40-like™ promoter. Moreover, it contains
the HBV enhancer element and 2-3 polyadenylation sites downstream from the 3' end. The DNA was
isolated by Shaui et al., J. Virol. §1: 776-787 (1984) from Alexander cells and contains flanking host
sequences (from Alexander cells) at the 5' and 3' end of the HBV DNA. The transformed cells were then
treated with methotrexate {200 nM} and resistant cells were selected.

Other cell lines were transformed with the same HBV DNA which had been treated to remove most ar
all of the flanking host cell (Alexander) DNA sequences. Thus, for example, a 3.8 Kb Pst DNA fragment
from p7.5 AL26 was introduced into pSP84. The resulting plasmid, pSPHBV8-1 contains 100 bp of human
DNA upstream of the HBV promoter TATA box and 600 bp of human DNA beyond the P, region,
downstream of the 3' end of the gene.

A. Curing of Cell Line CHO**™p7.5AL26

Cell line CHO?Mr 57 5A| 26 contaminated with mycoplasmas was cured using an antibiotic kit: - BM-
CYCLINE™ (Boshringer, Mannheim). The curing was performed exactly according to the protocol supplied
with the kit (Boehringer Mannheim catalogue No. 799050 and used herein as reference). Curing was
successful resulting in a cell line, which we designate CHO-HB20O, that is free of mycoplasmas and
produces HBsAg particles at high levels.

B. Production Levels of HBsAg by the Cured CHOM™% 7.5AL26 Cell Line - CHO-HB200

The constitutive expression of immunoreactive HBsAg by this cell line was initially determined by
assaying the medium of confiuent cultures. Using the Travenol® solid phase radicimmunoassay kit for
detection of HBsAg it was determined that the medium of confluent CHO-HB200 cultures contained 3-5
mg/l. immunorsactive HBsAg.

C. Stability of Cured CHOM™2%¢ 7 5A1 26 clone - CHO-HB200

The selected clone CHO-HB200 stably produced HBsAg for at lsast 6 months.

D. Development of New HBsAg Expression Plasmids

Plasmid pSPHBVS-1 (Figure 1) was further manipulated, to delete remaining upstream Alexander cell
DNA sequences. This was done by subcloning the 500 bp Xbal-EcoRl fragment and the 2400 bp EcoRI-Psti
fragment of pSPHBVS-1 into pSPES5, yielding pSPHBVES (Figure 2).

The dhfr gene, under control of SV40 early promoter and SV40 polyadenylation site was subcloned into
pSPHBVE-1 and pSPHBVBS yielding pSPHBVAL3 and pSPHBVB813, respectively (Figure 3). This was
performed by subcloning the 1300 bp filled-in EcoRI-Smal fragment of pSVE100-dhir, containing the dhfr
gene with ali regulatory sequences, into the Pvull site of the appropriate HBV plasmid.

The shortened constructs, containing HBsAg gene under control of its natural promoter, as well as the
dhfr gene under control of the SV40 early promoter, were transfected into dhfr™ CHO cells.

10



10

15

20

25

30

35

45

50

55

EP 0 408 742 B1

EXAMPLE 2

Tissue Culture Methods

The following methods which applicant employed in this invention are generally standard proceduraes
used in tissue culture of mammalian cells. Variations to these methods have been described and may also
be employed for the same purposes (for examples of the various methods, including ours, see the following
references: Uslaub and Chasin, Proc. Natl. Acad. Sci. 77: 4218-4220 (1980); Pellicer et al., Science 209:
1414-1422 (1980); Laub et al, J. Virol. 48: 271-280 (1983); Petzer et al., in "Viral Hepatitis and Liver
Disease”, Vyas et al. (eds), pp. 477-485, Grune and Stratton Inc., Orlando, Florida (1984); and Michel et al.,
Bio-Technology 3: 561-566 (1985).

A1l. Trypsinization

Confluent cultures are trypsinized before being subcultured or preserved in frozen storage. The culture
medium, Dulbecco's Modified minimal Eagle's (DMEM™) is discarded from the culture vessel and cold
trypsin solution (0.25% diluted 1:3) in PBS is added. (The volume of added trypsin is about 1/10 of the
volume of the original growth media). The anchored cells are quickly washed and excess trypsin is
removed. After 5-10 minutes at 37 *C during which the residual trypsin is in contact with the calis, growth
media (DMEM) supplemented with 5-10% fetal calf serum (FCS) was added to the culture vessel to stop
trypsinization. By gentle shaking the anchored cells are dislodged from the walls and suspended in media.
These cells are either subcultured or frozen for jong-term storage.

Preparation of Trypsin Solution 0.25% (Stock)

The Trypsin solution contains:

80 gr NaCl

4 gr KCI

10 gr dextrose

3.5 gr NaHCO3

25 gr Trypsin (1:300 ICN)
All the above ingredients are dissolved in 10 liters water, and pH adjusted to 8.5.

The above sclution is then filtered through a 0.22 micron filter and is frozen (-20 * C) and can be stored
for years,

A2. Preparation of Working Trypsin Solution (Dilution 1:3)

Dilute the stock solution 1:3 with a solution containing the same formulation as stock solution (above)
but without trypsin.

B. Long-Term Storage of Cells

Whenever long-term storage of cells was needed the following procedure was carried out: confluent
cultures were trypsinized as described in Section 1. The suspended cells were washed once or twice in
DMEM media supplemented with 10% FCS. After washing, the cells were resuspended in media containing
20% FCS + 10% DMSO, to reach a final cell concentration of 3-4 x 10° cells/ml. The vials were left up to 1
hour at room temperature, then transferred to a -20° C freezer. The following morning the frozen vials were
brought to -70*C for an additional 24 hours. Finally, the vials were placed in liquid nitrogen for long-term
storage.

About a week later, 1-3 vials were defrosted for cell viability estimation.

Master and working cell banks were established, in this fashion,

C. Defrosting of Stored Cells

The vial containing the stored frozen cells was quickly removed from the liquid nitrogen storage tank
and placed in a 37*C water bath. The cells were quickly thawed and were transferred to a T flask {75-150
cm?) containing 25-50 m! DMEM supplemented with 10% FCS. After several hours most of the cells were
seen to attach to the bottom. Medium was replenished 4 hours after defrosting the cells. After about 5-8
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days the culture reached confluence.

EXAMPLE 3

The Roller Bottle System for Cell Culture

A. Growth Media

All CHO cell lines were grown in Dulbecco's modified Eagle's medium (DMEM) containing 10 mM
glutamine (Gibco), 20 mM Hepes (Raught Ltd.), 30 mM NaHCQs (Merck), 150 Lg/mi Proline (Sigma) and 40
ug/ml Gentamicin (Sigma). The medium was suppiemented with 2-10% Fetal Calf Serum (FCS) {(Bocknek),
to meset the culture needs. The optimal working pH of the media was in range of 7.15-7.25.

B. Inoculation and Culture Maintenance

Plastic roller bottles 850 cm? or 480 cm? (Corning) were used for growing the cells and for HBsAg
production. Confluent cultures were trypsinized and the cslls were suspended in DMEM media, supplemen-
ted with 10% FCS, and used for re-culturing. Each roller bottle was inoculated with 50-100 ml masdia,
supplemented with 10% FCS, containing at least § x 10° cells. The size of inoculum determines the length
of time needed for the culture to reach confluency again (it can range between 2-10 days). Several hours
after inoculation most of the cells were attached and started to spread. After 24 hours cell divisions could
be observed.

It is recommended to use media supplementsd with 10% FCS up to the point where culture reaches
confiuency; at which stage FCS level is then reduced to 2-5%. The reduced FCS level is optimal for a long
period of cefl maintenance and production. Such culiures could be maintained for 6 months without losing
their capacity to produce HBsAg.

The number of cells in confluent cultures varied betwssn 2.108-10° cells per roller bottle.

The vigorous metabolism typical of CHO cells, together with the high cell density, caused a rapid pH
drop of the medium. This was probably followed by medium depletion on the one hand and by the release
of unwanted toxic metabolites, on the other hand. in order to prevent potential damage to the cells, it is
recommended to replenish daily the media in confluent cultures.

EXAMPLE 4

Production of HBsAg in Roller Boitle Systern

The constitutive production of HBsAg by the CHO-HB280 {Example 1) cells was employed for
continuous long-term HBsAg production. The production of HBsAg in conflusnt cultures, with daily single
medium replenishment, was stable for at least 6 months. The rate of production was 4-56 mg HBsAg/L/24 h,
which was unvaried during this six-month period of continuous culture.

Although large amounts of HBsAg can be produced in roller bottie culturing systems, this method is
only suitable for limited commercial production. The major limitations are the amount of labor involved and
the inefficient handling.

Therefore, roller bottle systems are recommended for growing cells used to inoculate large-scale
production systems, such as spinners and fermentors employing microcarriers.

EXAMPLE 5

Preferred Method A for Production and Purification of HBsAg Particles

As indicated by the title of the Example, the method disclosed in the following Example is one preferred
method only. A more preferred method is set forth as Example 11 which is an especially preferred method
of the invention. Figures 4 and 8 respectively illustrate the flow diagrams for the two methods.

A. Summary of Process

The roller bottles system was employed for production of HBsAg (as described in Examples 3, 4). The
medium used contained between 2-10% FCS, preferably 2% FCS, which had been pre-fractionated by
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ultrafiltration using a Pellicon® system (Pellicon® Tangential Flow Uitrafiltration, Millipore®) with a 300,000
MW cut-off membrane to remove high molecular weight contaminant proteins (Step 1).

Culture media were collected daily and pooled (harvesting). The harvested medium containing HBsAg
particles were clarified by Pellicon® Tangential Flow Ultrafiltration (Millipore®) with a 0.22 micron mem-
brane to remove cells and large cell debris (Step 2). Finally, the clarified crude medium was concentrated
and dialyzed (with PBS) by Pellicon® Tangential Flow Ultrafiltration (Millipore®) with a 300,000 MW cut-off
membrane (Step 3). The concentrate was further purified by two consecutive gel filtration chromatography
runs on a Sephacryl S-400® column (2.6 cm x 190 cm) (Pharmacia®). After each run the peak fractions
containing HBsAg particles were concentrated using a Minitan® Tangential Flow Uitrafiltration System
{Millipore®) with a 300,000 MW cut-off membrane. The purification procedure is summarized in Figure 4.
The results using this novel procedure in purifying HBsAg particies are illustrated in Example 6, which
describes production of a 100 mg batch of highly purified HBsAg particies.

The methods employed in the Pellicon® and Minitan® Tangential Flow Ultrafiliration steps are as
described in the protocol provided by the manufacturer (Millipore Corp.). Gel filtration methods using the
Sephacryl $-400® column, which has a 1 liter bed volume, are as described by the manufacturer
(Pharmacia Fine Chemicals). Throughout the purification process applicant employed only phosphate
buffered saline (PBS) as the buffer for: ultrafiltrations, dialysis, and gel-filtration chromatography (loading
and eluting). Applicant used a calcium (Ca**} and Magnesium (Mg**) - free PBS Buffer.

B. PBS Buffer, Ca** and Mg**-iree

The Catt, Mg**-free PBS Buffer (x 1) is made the following way:

8 gr NaCl

0.2 gr KCI

1.15 gr NazHPO,

0.2 gr KH2POu
Above constituents are dissolved in 1 liter of H2O (double distilled - pyrogen free). The pH of the solution is
adjusted to 7.25.

C. Detailed Description of the Novel HBsAg Production - Purification Process

Step 1: Prefractionation of Cell Culture Media

CHO-HB200 cells which produce, and secrete into the culture media, HBsAg particles (described in
Example 1) were grown In the Roller Bottle culture system (described in Examples 3 and 4). Applicant
typically grew cells in 20 such roller bottles.

Culture media was supplemented with FCS in the following way to inoculate roller bottles culture media
supplementsd with 10% FCS was used. To replenish cell culture media on a daily basis (by replacing day-
old media with fresh media) culture media supplemented with 2-5% FCS, preferably 2% FCS, was used. In
both above cases, the culture media supplemented with FCS was first pre-fractionated using the Pellicon®
Tangential Flow Ultrafiltration System with a 300,000 MW cut-off membrane. The pressure on the inlet and
outlet gauges was typically in the 0 psi range. Only the filtrate (FCS-supplementsed media components
below 300,000 MW) is added to the celis.

To inoculate the roller botiles, 100 mi of pre-fractionated 10% FCS-supplementsd media containing at
least 5 x 10 CHO-HB200 celis was poured into each roller bottle. The cells were grown in this medium
until they reached confluency {between 2-10 days).

When cefls reached confiuency, 2 x 108 - 1 x 10° cells per roller bottle, purification of HBsAg particles
produced by the cells was initiated. The 10% FCS-supplemented inoculating media was removed from the
cell cultures and discarded. This was replaced with the pre-fractionated 2% FCS-supplemented media.
Celis were grown in this media for at least 8 months, with daily changes of media. The confluent cells
produce 4-5 mg HBsAg particles per liter {10 roller bottles) per day. The culture media is removed from the
roller botties daily (20 x 100 ml = 2 liters per day) and contains the secreted HBsAg particles. These
collected media are pooled and stored at 4°C. When 25 liters of daily collected and pooled confluent
culture media are accumulated (80-100 mg HBsAg, 13 days culture), batch-wise purification of HBsAg
particles from this pocled media begins as described in Step 2.

The unique step of prefractionation of FCS-supplementsd culture media described above enables
applicant to achieve purification of HBsAg particles to a high degree of purity employing the least number
of purification steps. The reasons for this may be summarized as foliows.

13



10

15

20

25

30

35

45

50

55

EP 0 408 742 B

The major contaminants in culture media containing secreted HBsAg particles are proteins originating in
the FGS. To achieve best culture conditions FCS is necessary and thus cannot be eliminated from cell
culture. The secreted HBsAg particles have a high molecutar weight and therefore the proteins contaminat-
ing the HBsAg fraction during purification will be those of high molecular weight. Using the prefractionation
step described above with a 300,000 cut-off membrane, applicant removes most of the high molecular
weight protein contaminants from the culture media. Applicant is, in effect, adding to the culture only FCS-
supplemented media components that have molecular weights below 300,000 MW. Applicant has thus
excluded high molecular weight protein complexes, such as antibody complexes and polyalbumin ag-
gregates, from the call culture. In fact, comparing the growth and HBsAg production characteristics of celis
grown in pre-fractionated media to those grown in equivalent non-pre-fractionated media, applicant ob-
served that the former media was superior in both respects. Thus, pre-fractionated media provide 2 major
advantages: better cell growth and reduced contaminant levels in HBsAg purification.

Finally, the subsequent purification steps require mainly the separation of high molecular weight HBsAg
particles from the lower molecular weight protein contaminants. These contaminants include, as a major
fraction, the FCS-derived albumin whose molecular weight is about 97,000 daltons.

Step 2: Clarification of Collscted Culture Media Containing HBsAg Particles

This is actually the first step of the HBsAg purification process, whereby dissociated whole cells and
cell debris present in the collected media {containing HBsAg} are removed from the media. This is usually
referred to as clarification of the crude culture media. Applicant employs a Pellicon® Tangential Flow
Uttrafiltration System with a 0.22 micron filter to clarify the HBsAg - containing culture media. Typically a 25
liter batch (80-100 mg HEsAg particles) is filtered in this system per run. The pressure readings on the inlet
and outlet gauges are kept to 0 psi. Larger batches or an increased number of batches may be processed
in this system as it is capable of filtering severa! hundred liters of media per hour. After each batch is
filtered the system is washed with 5-10 L of PBS. This is therefore a very rapid process and industrially
applicable.

Only whole cells and large cell debris (>220 nm) aggregates (e.g. membranes and membrane
complexss, large cellular organelles) are retained by the 0.22 micron filter (220 nm). Only the filtrate
{containing the 22 nm HBsAg particles) of this clarification ultrafiltration step is collected and further purified
according to steps 3-5. The volume of the filirate is the same as the starting volume, namely 25 liters per
batch. No losses (100% recovery) in HBsAg particle or total culture media protein are incurred by this
clarification ultrafiltration step.

Step 3: Concentration and Purification of HBsAg Particles from the Clarified Culture Medium

The volume of the clarified crude culture media (step 2) is the same volume as it was before
clarification, namsly, 25 liters per batch. To purify specifically the HBsAg particles from this culture media
requires a concentration step first. Batch volumes as large as applicant's cannot be applied directly 1o the
purifying gel filtration columns used in the final steps of the purification process (steps 4, 5). Thus a
concentration step is necessary, and a concentration step that also specifically purifies HBsAg particles
from the rest of the culture media constituents is desired. Such a step was achieved by concentrating the
clarified crude culture media in a Pellicon® Tangential Flow Ultra-filtration System with a 300,000 MW cut-
off membrane. This system aiso enabled applicant to dialyze, within the closed Ultrafiltration System, the
HBsAg particles which are retained by the 300,000 MW membrane.

Applicant adds 25 L of clarified crude media to the Pellicon® 300,000 MW filter system {above) and
discards the filtrate {molecules which include atbumin of molecular weight below 300,000). The retentate
(molecules which include HBsAg particles above 300,000 MW) an the filter is dialysed against 10 L of PBS
(10 x 1 L). After dialysis the volume of retentate was 660 ml, which constitutes an approximately 40-fold
concentration.

The 600 ml concentrate (or retentate) is then collected and further concentrated in a Minitan®
Tangential Flow Ultrafiltration System with a 300,000 MW cut-off membrane. The Minitan® System is mare
suited to small volumes (up to 1 liter) than the Psllicon® System. The filtrate of the Minitan® Ultrafiltration is
discarded and only the retentate is collected. Typically, approximately 150 mls of retentate (or concentrate)
are recovered from the Minitan® System when approximately 660 ml of Pellicon® concentraie (or
rotentate) are loaded. This represents a further concentration of approximately 4.5-fold. Thus, overall the
concentration using the Pellicon® and Minitan® Systems in series gives a concentration of clarified crude
media of approximately 180-fold. After each batch run both the Pellicon® and Minitan® Systems are
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washed with 5-10 L PBS.

The above system not only concentrates the clarified culture media, but also specifically purifies HBsAg
particles from the media constituents. After concentration in above described systems with the 300,000 MW
cut-off membrane only 2.5% of total clarified culture media protein is recovered. However, 95% of total
HBsAg particles in the culture media are recovered. This represents a specific purification of HBsAg
particles from culture media-derived contaminants (approx. 35-fold). Although 95% of original HBsAg
particles are recoverad, they constitute only part of the 2.5% original total protein recovered. That is, 95 mg
HBsAg in a total of 636 mg protein (about 15%). The above 150 ml concentrate (Minitan® retentate) is
therefore further purified by gel filtration to achieve final HBsAg particle purification (Steps 4, 5).

Step 4: Gelfiltration Purification of HBsAg Particles from Concentrated, Clarified Culture Media

To further purify the HBsAg particies, applicant exploited their chemical-physical properties, namely
their effactive molecular weight which is in the 1 - 2 x 10° dalton range. For this reason Sephacryl 5-400®
{Pharmacia®) gel filtration columns are used which exclude molecules of molecular weight greater than 1 x
105 daltons. Sephacryl S-400® is a gel filtration column of an allyl dextran covalently crosslinked with N,N'
methylene bisacrylamide. Thus, large molecules such as HBsAg particles are excluded and are eluted
rapidly. Smaller contaminating molecules such as albumin and other proteins enter the column resin and
are eluted slowly, resulting in effective separation between HBsAg particles and jow molecular weight
contaminants. The Sephacryl $-400® columns applicant uses are 2.6 cm x 190 cm in size, with effective
column bed volumes of 1 liter. For larger volumes of concentrate or larger amounts of protein in the
concentrates, Sephacryl $-400® columns of greater capacity may be employed.

The concentrated culture media in applicant's typical batches are about 150 mls in volume (step 3) and
contain about 95 mg HBsAg particles out of a total of about 840 mg protein. As a result of the dialysis step
during concentration (Step 3), the concentrate is therefore a PBS solution containing HBsAg particles and
contaminating proteins (i.e., 95 mg HBsAg in 150 mi PBS). For each batch of concentrate applicant
employs only 1 Sephacryl S-400® column, although more can be used to increass the rate of purification.

Applicant loads one-third (about 32 mg HBsAg in 50 ml PBS) of concentrate per gel filiration through
the column. This represents about 5% (in volume) of the column bed volume. The flow rate is adjusted to
about 10 cm per hour for best separations which results in a low operating pressure of about 25-30 cm
Hz 0.

Elution of HBsAg particles from the column is done by using up to 1 bed volume (1 liter) of PBS. After
giution, and before re-use of the same column, the column is washed with 2-3 bed volumes (2-3 liters) of
PBS.

Because of the large size of the HBsAg particle it does not enter the column bed resin, and is thus
rapidly eluted from the column. The HBsAg particle peak is recovered in fractions that follow closely those
of the void volume. Eluted fractions are usually 10 ml per fraction. Elution of HBsAg particles is consistently
in 14-15 fractions (140-150 ml).

The recovery rates of HBsAg particles from the Sephacryl S-400® column are very high and the degree
of purification is considerable. From about 32 mg HBsAg loaded in 50 ml PBS, 30 mg HBsAg was
recoverad in 140 ml eluate, a recovery of 92%. Purification of HBsAg particles was 4-5 fold after 1 column
run, the HBsAg - specific component of total protein is 80-70% for the eluted HBsAg peak fraction (an
increase from only 15% of tota! in pre-column concentrate). To further purify the HBsAg particles to greater
than 95% purity a second gel filtration through the same Sephacryl S-400® colurnn is done as described in
step 5.

Step 5: Second Gel Filtration Purification of HBsAg Particles from Eluted Peak of First Gel Filtration Column

The same Sephacryl $-400® column used for the first gel filiration run (step 4) is used for the second
gel filtration run. After the first gel filtration run the column is washed with 3-5 bed volumes (3-5 L) of PBS,
to remove all bound molecules. Each typical batch of concentrated, clarified culture media requires 3-4 runs
through the first column, each run being 1/3 the volume of the concentrate. For the second gel filtration run,
the peak fractions of two first ge! filtration runs are combined (140-150 ml each). Thus, typically, 280-300 ml
of combined, eluted HBsAg particle peaks are first concentrated and then loaded on the Sephacryl S-400®
column for the second gel filtration run. (The third first gel filtration eluted HBsAg peak, is combined with
that of the next batch for the second gel filtration run. Thus, for every two batches of concentrated culture
media containing HBsAg particles, 6 runs are required for the first gel filtration and 3 runs for the second
gel filtration.)
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To concentrate the combined eluted peaks before loading on the second gsl filtration column, the
Minitan® Tangential Flow Ultrafiltration System with a 300,000 MW cut-off membrane is used (as described
in step 3). This reduces the volume from 280-300 ml to about 60 ml {5-fold concentration). This 60 mil
contains about 57-60 mg HBsAg particles and is loaded on the Sephacryl 5-400® column for the second
gel filtration run.

The HBsAg particle peak eluted (with PBS) from the second gel filtration run contains about 48.5 mg
HBsAg particles in 140 ml PBS. This represents a recovery of 85% for HBsAg pariicles. Further, this
second gel filtration peak contains more than 95% (about 98-99%) pure HBsAg-specific protein.

Thus, overall, using 2 subsequent gel-filtration columns to purify HBsAg particles from concentrated,
clarified, crude media, applicant achieves a high yield (78%) and very high purity {greater than 95%).

Throughout the Purification Process, rates of recovery, yields, and purity of HBsAg particles, at each
stage, were determined using the analytical methods described in Examples 7, B and 9.

The purification scheme is outlined in Figure 4 and production and purification of a typical batch of
HBsAg particles is represented in Example 6.

In the purification process described herein, Steps 1-5 can be scaled-up for commercial production of
HBsAg particles to be used in vaccines. This is accomplished by:

(1) growing cultures in larger numbers of roller bottles or fermentors with microcarrier adaptors;

(2) ultrafiltration using Pellicon® and Minitan® Systems, or their equivalent, adapted for industrial scale
volumes (Millipore® Corp.); and

(3) gel filtration purification using Sephacryl S-400® columns of larger bed volumes, or large numbers of
described columns (steps 4, 5) connected in series.

Finally, some of the novel features of applicant’s production and purification process may be summa-
rized as follows.

Prefractionation of culture media removes troublesome high molecular weight protein contaminants
enabling applicant to purify HBsAg particles in a much simplified manner. The concentration step prior to
purification is highly efficient and accomplishes considerable pre-purification. The purification steps are
rapid in a system that is re-usable.

All of the components comprising the clarification, concentration, and purification steps (Steps 2-5) can
be linked together physically (with tubing) to form a closed system. As all of the components may be
sterilized, applicant's purification process is carried out under sterile conditions throughout within a closed
system.

Applicant therefore can produce large amounts of highly purified recombinant DNA-produced HBsAg
particles with very high efficiency and very low cost.

EXAMPLE 6

Production and Purification of 100 mg HBsAg - First Baich -

The methods described below for the production and purification of HBsAg particles are described in
more detail in Example 5.

Twenty roller bottles were employed for production of HBsAg. The medium used contained the filtrate
of FCS-supplemented culture media which had been pre-fractionated by Pellicon® Ultrafiltration with a
300,000 MW cut-off membrane.
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Tabie | summarizes the results obtained from the first batch.
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The concentrate was further purified by gel filtration on a Sephacryl S-400® column (2.6 x 190 cm). The
column was loaded with 32.5 mg HBsAg (1/3 volume of concentrate). 30.0 mg HBsAg were recovered in

140 m! eluate (recovery of 82%). The eluates of two columns were combined, concentrated by Minitan®
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(300,000 MW cut-off membrane) to 58 ml and subjected to a second identical gel filtration run on the same
Sephacryl S-400® column. From 57 mg HBsAg loaded on second column 48.5 mg were recovered (85%).
HBsAg particles are purified 3-4 fold on the first column (from 15% to about 60% of total protein), and
another 1.5 foid on the second column (from about 60% to more than 95% of total protein).

The purified HBsAQ particles were analyzed by SDS-PAGE (15%). The HBsAg - specific protein bands
were visualized by silver staining and Western blots, using rabbit antibodies as described in Example 7.

EXAMPLE 7

Analysis of Purified HBsAg Particles

A. The purity of the HBsAg particles after each step in the purification process (see Examples 5 and 6}
was evaluated by SDS-PAGE (SDS polyacrylamide gel electrophoresis) (15% gels) and sifver staining of
the gels. The gels demonstrated that the HBsAg particles obtained after the second gel filtration step
(Examples 5 and 8) were about 98-99% pure.

The following samples were compared by SDS-PAGE and silver staining: clarified crude culture
media; concentrate of crude clarified media; concentrated eluate from the first Sephacryl S-400® gel
filtration: concentrated eluate from the second Sephacryl S-400® gel filtration; and peak fraction of
sucrose banded media concentrate {see Example 11). The same amount of protein, determined by
standard methods, was loaded for each sample on the gel. In the crude media the major bands
corresponded to contaminant protein (albumin), with HBsAg - specific protein bands being only minor
bands. In the concentrated crude media the HBsAg - specific protein bands are enriched (15% of tota)
with a significant decline in contaminant bands. After the first Sephacryl S-400® column the HBsAg -
specific bands represent about 60% of protein bands, contaminant bands are minor bands at this stage.
After the second Sephacryl S-400® column ali HBsAg - specific bands are clearly observed; 24K, 27K,
33K, 36K, 39K and 42K. They represent more than 95% of alt protein bands. The major HBsAg - specific
bands are 24K, 27K, 33K, and 36K with 39K and 42K being minor but significant bands. The sucrose-
banded sample has a very similar profile to the first Sephacry! $-400® column eluate illustrating that
sucrose banding only achieves HBsAg particle purity of 60%.

B. The purified HBsAg particles, after each step in the purification process {Examples 5 and 6) were
further analyzed by Western blots using rabbit antibodies made against plasma-derived HBsAg particles.
The blots demonstrated the presence of six major protein bands specific to HBsAg particles with the
following molecular weights: 24K, 27K, 33K, 36K, 39K, 42K. _

The Western blot technique using HBsAg particle-specific antibodies permits the specific identifica-
tion of HBsAg particle bands. The same amount of protein for each sample was used. The antibodies
used also had anti-albumin specificity. This was useful in determining the specific reduction of albumin,
the major protein contaminant, throughout the purification process.

The crude media sample showed only the albumin band clearly, HBsAg particle - specific bands
being below the level of detection using this method. For antibody - specific detection of protein bands
both the amount of protein per band and their antigenicity under the assay conditions determine the
levels of detection. Applicant concludes that the crude media contain very low amounts of HBsAg
particle - specific bands (as observed in A by silver staining whose level of detection is about 50
ng/band) and these bands do not have high antigenicity in our assay conditions. The media concentrate
sample had reduced levels of albumin and HBsAg - specific bands 24 K and 33K are major bands with
27K and 36K as minor bands. In the first Sephacryl S-400® column eluate albumin is only a minor band
and the HBsAg - specific bands 24K and 33K are major bands with 27K, 26K, 39K and 42K as minor
bands. The sucrose banding sample has a very similar profile to the first Sephacryl S-400® column
eluate. The second Sephacryl $-400® column eluate has almost no albumin band observable, HBsAg -
specific bands 24K, 27K, 33K are major bands and 36K, 39K, 42K are minor but significant bands. In this
sample, therefore, the bands are almost entirely HBsAg particle - specific indicating their very high
purity. This therefore confirms the results observed in A above using silver staining of gels.

Further evaluation of the band intensity of the Western blots (especially for the samples correspond-
ing to the first and second Sephacryl $-400® column eluates) shows the stoichiometry of HBsAg -
particles produced and purified by applicant's method: that is, 24K, 27K, and 33K ara major bands and
36K, 39K and 42K are minor bands.

These findings are in full agreement with the data of Heermann et al., J. Virol. 52: 396-402 (1984),
who described the following proteins in blood plasma-derived HBV particles and large filaments which
contain only HBsAg. (The smaller 20 nm HBsAg particles that they describe do not contain 39K and
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42K).

24K - Non-giycosylated (S)

27K - Glycosylated (S)

33K - Single Glycosylated (Pre-S2)

36K - Double Glycosylated (Pre-S2)

39K - Non-Glycosylated (Pre-51)

42K - Glycosylated (Pre-S1)
It should be noted that in applicant's comparison between the silver stained gel and the Western blot
using rabbit antibodies an increased immunogenicity of the Pre-S2 33K protein of the HBsAg particles is
observed. On the silver stained get the 33K band is minor in comparison to the 24K and 27K major
bands. On the Western immunoblot the 33K band is major with respect to the 24K and 27K major bands.
This agrees with the findings of increased immunogenicity associated with Pre-S2 region determinants
discussed, where noted, in the 'Background to Invention’, e.g., Milich et al., J. Immunol. 137: 315-322
{1986).
C. The presence of Pre-S1 proteins (39K, 42K) was further demonstrated by using specific monoclonal
antibodies against the Pre-S1 region by the Western blot technique. The blots demonstrate at least two-
fold higher amounts of non-glycosylated Pre-S1 39K, than the glycosylated form 42K. (This assumes that
monoclonal antibodies react equally with glycosylated and non-glycosylated proteins.)
D. The purified HBsAg was further evaluated for the presence of contaminants originating from the FCS
and the CHO cells. By using the Western blot technique with two rabbit antibodies against FCS and CHO
cell proteins respectively, it was possible to demonstrate that the contaminant ievel in the purified HBsAg
was below detection level in both cases when compared to positive controls. The detection level referred
to here is both the amount of protein per band and its antigenicity in the assay conditions.

EXAMPLE 8

A. Solid Phase Radioimmunoassay for HBsAg Particles Produced by Applicant’s Novel Production -
Purification Process (Described in Examples 5 and 6)

For HBsAg particle immunogenicity determination a solid phase radicimmunoassay kit for detection of
HBsAg (Travenol®) was used. The HBsAg particles applicant assayed were those of the concentrated
second gel filtration eluate (Example 5, Step 5 or Figure 4, Step 5). The kit was calibrated against known
standards (Abbott®).. The calibration curve of applicant's recombinant DNA-produced HBsAg (CHO) was
compared to the Abbott® cafibration curve. It seems that applicant's HBsAg (CHO) has higher affinity to the
chimpanzee antibodies from the Travenol® kit as compared to the Abbott® standard (Figure 6 A).

B. The Calibration Curve of Recombinant HBsAg Vaccine Rroduced in CHO Cells by Applicant's Novel
production - Purification Process (Exampls )

Applicant prepared his HBsAg vaccine by the methods described in the following Example 8, by
conjugating the highly purified HBsAg particles (concentrated HBsAg particles obtained from Step 5 in
Example 5) with an Alum adjuvant preparation.

Applicant's HBsAg vaccine was compared to calibration curves of both the plasma derived (HBsAg)
vaccine - Heptavax B® and the yeast recombinant vaccine - Recombivax HB®. The results demonstrate
again that applicant's vaccine (CHO) has the highest affinity to the chimpanzee antibodies from the
Travenol® kit, as compared to the commercially available vaccines (Heptavax®, Recombivax®). It seems
that the recombinant yeast vaccine Recombivax HB® does not react in the assay, probably due to very low
affinity to the antibodies of the Travenol RIA® kit.

EXAMPLE 9

Seroconversion in Small Animals (Mouse)

A. HBsAg Potency Assay by Seroconversion in Mice

Hepatitis B surface antigen (HBsAg) produced by CHO-HB20O cells (Examples 3 and 4) was highly
purified {about 98%) (Examples 5 and 6). The HBsAg concentration was determined with solid phase
radioimmunoassay kit for detection of HBsAg (Travenol®) and by protein determination (Examples 7 and 8).
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The HBsAg was complexed with an alum adjuvant, constituting a recombinant HBsAg vaccine. The alum
preparation was carried out by titration of 1.5 ml of a 10% solution of alum {aluminum potassium sulfate - 18
H20) with an excess of 1 M sodium phosphate (NazHPO.) (about 1 mi). The resulting suspension was
diluted ten-fold with H»O and centrifuged. The alum sediment was resuspended in 10 ml of PBS to give a
solution of approximately 2.5 mg/ml of A1 (OH)s. To 1 ml of this solution, 50 Lg (micrograms} of applicant’s
recombinant CHO HBsAg was added, and the volume was adjusted to 5 ml with PBS.

Applicant's recombinant vaccine {CHO) was compared with a plasma-derived vaccine - Heptavax®
{Merck, Sharp and Dohme) and a yeast recombinant vaccine - Recombivax HB® (Merck, Sharp and
Dohme).

Balb/c mice were injected intraperitoneally with 1 ml vaccine samples each containing the following
amounts of HBsAg: 0.01 ug, 0.03 ug, 0.09 ug, 0.27 g, 0.81 ug, 2.4 1g. (10 mice per group). Thirty days
after injection the mice were exsanguinated and the serum was tested for the presence of anti-HBsAg
antibodies by the Ausab EIA® kit (Abbott®), and calibrated against reference serum (WHO) received from
the Dutch central blood bank.

The results are summarized in Figure 7. It can be deduced that applicant's recombinant (CHO) vaccine
has at least ten-fold higher potency as compared to the two commercial vaccines available on the market.

The above experiments were repeated on a larger scale using a preparation of applicant's recombinant
(CHO) vaccine prepared by the especially preferred method detailed in Example 11. Similar resuits to those
described above were obtained.

B. Evaluation of the Quality of Antibodies Elicited in the Seroconversion Assay (as described above in A)

Three kinds of antibodies were elicited in the mouse seroconversion assay:
(a) antibodies against Heptavax B® (plasma)
(b) antibodies against Recombivax HB® (yeast)
{c) antibodies against applicant's vaccine (CHO).

The thres types of antibodies were analyzed for quality and specificity at the same fiter. Applicant's
highly purified HBsAg (CHO) particles (Example 5, Step 5) were fractionated by electrophoresis on SDS
polyacrylamide gel and transferred to nitrocellulose filters. Using the Western blot technique, the filters were
exposed to the three types of antibodies.

The mouse antibodies against Heptavax B® (plasma) and Recombivax HB® (yeast) recognized only the
S protein (24K) present in the HBsAg particles, while mouse antibodies against applicant's vaccine {CHO)
recognized both the S and Pre-52 (24K, 33K) proteins.

These findings demonstrate again that the vaccine elicited higher fiters of antibodies as compared to
commercial vaccines. Morsover, the quality and specificity of antibodies elicited against applicant's vaccine
were different as they recognized, in addition to the S (24K) protein, the Pre-S2 (33K) protein which is
considered important for viral infectivity. -

C. Experiments with Non-Responding Mice

Experiments were carried out with congenic mice strain B10s (obtained from Harlan Olac Ltd., Bicester,
U.K) which are known to be non-responders to the S protein, i.e., they do not respond to any HBsAg
vaccine which does not contain Pre-S proteins (Milich et al., Science 228: 1195-1198 (1985)). The mice
were divided into two groups of 26 mice per group. One group of mice was injected intraperitoneally with 1
g of the yeast-derived Recombivax HB® vaccine {described in the Background of the Invention) which has
no Pro-S1 or Pre-S2 determinants, and the other group of mice was injected intraperitoneally with 1 Lg of
applicant's HBsAg vaccine produced as described in Example 11; (this is about 50 times the normal dose
for mice). Thirty days after primary immunization half the mice in each group were exsanguinated and
antibody titers in the serum were measured as described below. The remaining mice were immunized again
(booster) and two weeks after secondary immunization they were exsanguinated and antibody titers in the
serum were measured as described below.

The serum was analyzed using a commercial assay for anti-HBsAg antibodies, Ausab RIA® (Abbott®);
this assay detects and quantitates anti-S antibodies. The results, shown in Figure 10, demonstrate that after
primary immunization there is only a small rise in the antibody titers in both groups of mice. However, after
secondary immunization, applicant's vaccine elicited antibody fiters almost ten times higher than did the
Recombivax®; this is a statistically significant difference (p<0.001). These resuits show that applicant’s
vaccine should overcome the problem of non-responsiveness which occurs with existing vaccines.
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D. Further Evaluation of the Quality of Antibodies Elicited in the Seroconversion Assay

In further experiments, the above sera of the non-responder mice, that were collected following a
second immunization with yeast-derived Recombivax HB® and the applicant's HBsAg vaccines, were
assayed for the presence of anti-Pre-S1 antibodies, by a solid-phase ELISA. In this assay, a synthetic
peptide of 21 mer corresponding to the Pre-S1 region of HBsAg was coated onto polystyrene 96-well
microtiter plates (Nunc, Covalink plates, Cat. #478042), at 0.5 ug/well. Wells were then layered in duplicates
at a 1:5 dilution with the different sera, including normal mouse serum as & negative control. This was
followed by successive incubations with biotinylated anti-mouse affinity purified igG as second antibody and
ExtrAvidin peroxidase {Bio-Makor staining kit, Cat. #7801-1). The results (shown in Table lll below) indicate
the presence of anti-Pre-S1 antibodies in sera of non-responder mice immunized with applicant's HBsAg
vaccine, in comparison to the absence of such antibodies in sera of mice vaccinated with the yeast-derived
Recombivax® vaccine.

TABLE Il
Results of a Solid-Phase ELISA for Anti-Pre-S1 Antibodies in Non-Responder Mice
Source of Serum 0.D. (at 405 nm)
Experiment 1 Experiment 2
After Applicant's Vaccine 0.797; 0.811 0.608; 0.575
After Recombivax® 0.422; 0.399 0.363; 0.352
Normal Mouse Serum 0.397; 0.399 0.389; 0.386

These results demonstrate that applicant's vaccine elicits the production of anti-Pre-S1 antibodies,
whereas the yeast-derived vaccine elicits no such antibody production. The novelty and significance of
these findings is discussed at the end of Example 12.

EXAMPLE 10

Alternative Methods for Purifying HBsAg Particles Secreted by Mammalian Cell Culture

As illustrated in Figure 4, the "Purification Scheme of HBsAg Particles” consists of five key steps. At
each step alternative methods may be employed, other than those described in detail in Example 5.

Further, various combinations of alternate methods may be carried out to produce purified HBsAg
particles. -

A comparison of these alternative methods, to those of applicant's preferred purification process
(described in Example 5 and Figure 4) is summarized in Table Il found at the end of this Exampls.

The following is a detailed description of possible alternative methods for each step of the purification
scheme:

A. Alternative Methods to Step 1 (Prefractionation of culture media)

CHO cslis producing HBsAg particles {described in Examples 3 and 4) may be grown alternatively in
the following media:
1. Growth media described in Example 3(a) having between 2-10% fetal calf serum (FCS), preferably 2%
FCS, without prefractionation of the growth media. (Prefractionation of the growth media is described in
Example 5).

This alternative method, however, resulted in problems of further purification.

When culture media were not pre-fractionated, the levels of contaminating proteins in the subsequent
purification steps was very high, the final yieid was reduced and the purity of the final product was
reduced. Alternative purification steps described in the following steps including the use of PEG
fractionation; affinity chromatography (Affigel Blus®, Blue-Sepharose®, Phenyi-Sepharose®); lon-ex-
change chromatography (Heparin-Sepharose®, DEAE-Sephacel®); and gel filtration (Sephacryl S-400®);
were all used in combination with a first step of non-prefractionation of culture media, Only the gel
filtration (Sephacryl S-400®) alternative was carried out on pre-fractionated culture media-produced
HBsAg particles, preferred method A (Example 5).
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2) Growth media described in Example {3} and Example 5, having between 2-10% FCS, preferably 2%,
which had been pre-fractionated by Pellicon® Ultrafiltration (Example 5), but where said prefractionation
employed a 10,000 MW or a 100,000 MW cut-off membrane instead of a 300,000 cut-off membrane.

This alternative method, however, resulted in problems of cell culture growth.

When a 10,000 MW or a 100,000 MW cut-off membrane was used in the Pellicon® Ultrafiltration
prefractionation of culture media, cell growth was inhibited significantly resulting in lower yields of
HBsAg.

Thus, applicant’s preferred method for Step 1 is that described in Figure 4 and Example 5.

B. Alternative Methods to Step 2 (Clarification of Culture Media Containing HBsAg Particles)

The culture media of CHO cells producing HBsAg particles which are secreted into the media may be

clarified using the possible alternative steps:

1) Centrifugation of collected media in 1 liter buckets using a Sorvall® centrifuge (Model RC-3B, with
swinging bucket rotor) was at 4,000 rpm for 15-20 minutes. The supernatant {clarified of cells and part of
the cell debris) is then subsequently processed according to steps 3-5 of purification process illustrated
in Figure 4.

Using these alternative methods, howsver, resulted in the following problems.

Centrifugation of harvested media only removed whole cells from the media, other major con-
taminants such as cell membranes and lipid complexes remained in the supernatant. This interfered with
the subsequent gel-filtration purification steps (Steps 4, 5), leading to reduced overall yields of HBsAg
particles and decreased HBsAg particle purity. Further, the centrifugation step is a time-consuming
process and cannot be employed efficiently for large volumes (can process only approximately 12
liters/hour per centrifugse).

2) Filtration using a 0.22 micron. filter system commonly used for sterilization purposes (Millipore®). (this
is different to Tangential Flow Ultrafiltration with a Pellicon® system using a 0.22 micron membrane -
Example 5).

Using this alternative method resulted, however, in the following problems.

Filtration using the 0.22 micron membrane sterilization sytem (as opposed to Tangential-Flow
Ultrafiltration Pellicon® System with a 0.22 micron cut-off membrane) gave efficient clarification of the
media, removing whole cells, cell membranes and lipid complexes, but had the following drawbacks: this
system cannot process large volumes because the 0.22 micron sterilizing-type membranes become
clogged up rapidly and require frequent replacement. This leads to losses in product yield and is time-
consuming.

Thus, applicant's preferred system is that described in step 2 of Figure 4 and Example 5. Here,
applicant employs the Tangential-Flow Peliicon® Ultrafiltration System with a 0.22 micron cut-off
membrane. This is an industrial scale system, it can process Jarge volumes of media and processing of
media is rapid (several hundred liters per hour). The system is more resistant to clogging, and gives
100% recovery of HBsAg particles.

. Alternative Methods to Step 3 {Concentration Step of Clarified Culture Media)

1) Polyethylene glycol (PEG) fractionation using 10% PEG (PEG 8000 Sigma) to precipitate high
molecular weight protein complexes which include the HBsAg particles. PEG dissolved in PBS in
concentrated form (25%-30%) is added to the clarified culture medium (Step 2) such that the final
concentration of PEG is 10% w/v. The PEG precipitate can be collected by centrifugation (in Sorvall®
RC-38 centrifuge, fixed angle rotor, in 50 ml tubes at 6000-7000 rpm for 20 minutes) or by filtration using
the Pellicon® TangentialFiow Ultrafiliration System with a 300,000 MW cut-off membrane (as described
in Figure 4, Step 3 and Example 5). The solution is mixed well and left for at least 30 minutes at 4°C.
Note that this PEG fractionation step was only carried out with HBsAg particles produced in media which
were not pre-fractionated in Step 1.

The following results were obtained using this alternative concentrating method.

10% PEG fractionation of clarified medium was efficient only when small volumes {up to 1 L} of
clarified culture medium was used. Further, more importantly, the PEG fractionation only gave 75%
recovery of HBsAg particles. 10% PEG fractionation Isads to a loss of approximately 80% of the total
protein {which includes 25% of total HBsAg particles) and the purity of HBsAg particles is only 0.5 - 1%
after this 10% PEG fractionation. Finally, after PEG fractionation, the HBsAg-containing precipitate must
be resuspendsd in PBS and dialyzed to remove the PEG. This step must be foliowed subsequently by
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another concentration step prior to final steps of purification (Steps 4, 5). Thus, PEG fractionation is time-
consuming, results in a significant loss of HBsAg particles, is at best a preconcentrating step requiring
subsequent concentration steps and taken together, it can be considered an expensive step. Note that
PEG concentration was carried out in combination with alternative methods to some of the following
stops (i.e. together with ion-exchange chromatography, affinity chromatography and gel filtration).
2) Tangential-flow ultrafiltration using either 10,000 MW, 100,000 MW or 300,000 MW cut-off membranes
(Minitan®, Pellicon® systems made by Millipore®). These methods using the Minitan® or Pelliicon®
system permit dialysis of the retentate (material that does not pass through the membranes) during the
ultrafiltration process. Typical application of this system are as follows:
a) Minitan® system with 10,000 MW cut-off membrane: 6.4 L of clarified culture medium (step 2)
ultrafiltered and dialyzed with 2 L of phosphate-buffered saline (PBS) (4 x 500 ml PBS). This yielded
260 ml final concentrate (approx. 25-fold concentration).
b) Pellicon® system with 100,000 MW cut-off membrane: 34 L of clarified culture medium (step 2)
ultrafiltered and dialyzed with 8 L of PBS (8 x 1 L PBS). This yielded 660 ml of final concentrate
(approx. 50 fold concentration).
c) Pellicon® system with 300,000 MW cut-off membrane: 34 L of clarified culture medium (step 2)
ultrafiltered and dialyzed with 10 L of PBS (10 x 1 L PBS). This yielded 500 ml of final concentrate
(approximately 70 fold concentration).

The following results were obtained using alternative concentrating methods.

a) Ultrafiltration and dialysis with the Minitan® employing a 10,000 MW cut-off membrane was slow; this
system is thus not applicable for industrial-scale production of HBsAg particles. While recovery of HBsAg
particles was very high (more than 96%) total protein recovery was also very high (more than 95%).
Therefore, this system is very effective in concentrating the starting material without foss of product but
is unable to purify HBsAg particles from the starting material, the ratio of HBsAg particles to total protein
remaining the same {purity of HBsAg particles is only about 0.4%).

When the volume of clarified media was increased, the amount of protein retained on the membrane

increased to the extent that the rate of flow decreased substantially.
b) Ultrafiltration and dialysis with the Pellicon® system employing a 100,000 MW membrane is more
efficient than described above (a) using the Minitan® system with a 100,000 MW cut-off membrane.
Larger volumes could be processed and the rate of flow is greater. Less protein is retained on the
membrane and thus flow rate is not restricted severely when large volumes of media, having large
amounts of protein, are processed.

However, although the concentration of culture media is very effective, this system cannot purify

specifically HBsAg particles: recovery of HBsAg particles was 100% while total protein recovery was
more than 95%. Thus, the ratio of HBsAg particles to total protein remains the same as in the starting
material (purity of HBsAg particles is only abut 0.4%).
¢) Ultrafiltration and dialysis with the Pellicon® system employing a 300,000 MW membrane is the
preferred method, being more effective than both above described methods {a, b). Here, the system
achieved both concentration and specific purification of HBsAg particles: 98% of HBsAg particles were
recovered while only 10% of the original total protein was recovered. This increased the ratio of HBsAg
to total protein by a factor of 9 (purity of HBsAg particles is 3-4%).
d) To achieve further purification of HBsAg at this concentration step applicant added another optional,
alternative step which is subsequent to ultrafiltration and dialysis using the above described Pellicon®
systermn with a 300,000 MW cut-off membrane. This additional step is PEG fractionation with 10% PEG.
(The method is as described in part 1 of this section but differs because here PEG is used after
ultrafiltration and not instead of uitrafiltration).

This, however, resulted in a 28% reduction in recovery of HBsAg particles (70% recovery from 98%),
although reduction of total protein to the desired level of 2.5% (from 10%) was achieved. (Purity of HBsAg
particles is about 7-10%). This alternative step of PEG fractionation after uitrafiltration was not attempted for
alternative systems described in a and b above because of their very high total protein content {more than
98%,) after ultrafiltration.

To sum up, the concentration step is a critical step in the purification process. It is essential to
concentrate clarified culture media before final purification employing gel filtration (Example 5, Figure 4) can
be carried out. Note that all of the above-described alternative concentration methods were applied to
clarified crude culture media which were not pre-fractionated at the time of cell cuiture. Prefractionation of
said culture-media using the described system (step 1, Figure 4, Example 5) was developed as a unique
step to overcome the problems encountered during steps of concentration {Step 3) and final purification
(Steps 4, 5). Said prefractionation removes culture medium contaminants (before cell culture) whose
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molecular weights are about 300,000,

Applicant's preferred method of concentration (Example 5, Figure 4) employing the Pellicon® system
with a 300,000 MW cut-off membrane, when carried out on clarified crude media which was originally pre-
fractionated gave the following results: from 25 L of media 148 ml of concentrate was obtained (dialysis with
PBS during ultrafiltration concentration was with 10 L PBS). This is a concentration of 170 fold and recovery
of HBsAg is approximately 96% while total protein recovery is only 2.5%, the desired level. (Purity of
HBsAg particles at this stage is about 15% - see also Table ! This is thus far superior to all alternative
steps described above (1, 2a, 2b, 2¢, 2d). Applicant's preferred method is thus one that achieves both
concentration and purification of HBsAg to a high level in one step, without significant loss of HBsAg
particles.

D. Alternative Methods to Steps 4 and 5 (Gel Filtration Purification)

1) Affinity Chromatography Using Hydrophobic Columns

Three types of affinity columns were used: Blue-Sepharose® (Pharmacia®), Affigel Blue® (Biorad®), and
Phenyl-Sepharose® (Pharmacia®). (Use of the columns was according to specification sheets supplied
by Pharmacia® and Biorad®.)

The Affigel Blue® and Blue-Sepharose® columns were used in the following purification process (in
combination with various alternative steps to applicant's preferred process).

HBsAg particles were derived from cultures whose media were not pre-fractionated, and which were
concentrated with 10% PEG (see above Section C 1, aliernatives to concentration step). The PEG
precipitate was dissolved in a minimal volume of PBS (250 ug protein per mi PBS) and loaded onto
sither Affigel Blue® or Blue-Sepharose® columns. Applicant used packed 35 ml columns and loaded 5
ml HBsAg in PBS per column (1.25 mg HBsAg particles per column). The columns were washed with 2
volumes {70 ml) PBS and e¢luted with a sodium thiocyanide buffer (NaSCN), followed by 40% PEG
solution in PBS. Elution was carried out by first washing with 1 volume (35 ml) of 0.1 NaSCN Buffer,
followed by a second wash with 0.25 M NaSCN (35 ml). This was sffective in removing proteins such as
albumin without removing HBsAg from the column. HBsAg particles were eluted from the column with a
40% PEG solution with 1 M NaCl in PBS. Only 10-20% of HBsAg particles were recovered by this
method, with no difference apparent between either the Affigel Blue® or Blue-Sepharose® columns.
HBsAg purity was low (5%-7%) as it was co-eluted with albumin. The Phenyl-Sepharose® column (a 2.7
mi bad volume mini column) was used in the following purification process: HBsAg particles were
derived from cell cultures whose media were not pre-fractionated and were concentrated and dialyzed
against PBS on a Pellicon® 300,000 MW cut-off membrane. This was further concentrated with 10%
PEG in PBS and the PEG precipitate dissolved in a minimal volume of PBS (1.8 ml final volume, about
0.5 mg HBsAg particles). This was then loaded onto the column which was washed with 19 mil PBS (7
volumes). Elution was with 13.5 ml Hz0 (5 volumes). Only 22% of the HBsAg was eluted and it was of
low purity (7%} as albumin was co-eluted with the HBsAg fraction.

Theso methods are therefore inferior to applicant's preferred process (Example §, Figure 4).

2) lon-Exchange Chromatography

Two types. of ion-exchange columns were used: Heparin-Sepharose® 3 ml bed volume column
{Pharmacia®) and DEAE-Sephacel®, 2.5 ml bed volume column (Pharmacia®) {(columns were used
according to the supplied specifications of the manufacturer, Pharmacia®).

For both columns the loaded HBsAg particle sample was prepared in the following way:

HBsAg particles were derived from cultures whose media was not pre-fractionated. The collected culture
media was concentrated and dialyzed on a Pellicon® 300,000 cut-off membrane and furthser concentrated
with 10% PEG in PBS. The PEG concentrate (HBsAg sample) was dissolved in dilute PBS (0.3 x PBS)
and loaded onto the columns in the following way:

6 ml HBsAg sample {(about 1.5 mg) was loaded onto the Heparin-Sepharose® column. 11 mi (about 2.75
mg) was loaded onto the DEAE-Sephacel® column. Elution of HBsAg particles from the columns was as
follows:

The Heparin-Sepharose® column was washed with 4 volumes (12 ml) 0.3 x PBS and eluted with a PBS
gradient solution of between 0.3 x PBS and 2 x PBS (30 m! = 10 volumes). Only 10% - 20% of HBsAg
was recovered from this column and it was of low purity (5%-7%). The DEAE-Sephacel® column was
eluted by a step-wise PBS gradient solution; 1 volume (2.5 ml) each of 0.2 PBS, 0.3 x PBS, 0.5 x PBS,
0.75 x PBS, 1 x PBS, 1.5 x PBS, 2 x PBS, were used to wash the column. This enabled release of
HBsAg particles, recovery was 70% but was spread over many fractions (a smear). Further, the purity
was low (about 5-10%) as contaminants were present in all HBsAg fractions.
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Thus, purification of HBsAg particles was not effective with these methods.

Note that subsequently several other ion-exchange columns were tested (see Example 11). The use
of SP-Trisacryl® gave unexpectedly good results and the column was incorporated into preferred
method B (Example 11).

3) Gel-Filtration Chromatography
a) As an alternative to the preferred Sephacryl $-400® gel filtration, Sepharose CL-6B® (Pharmacia®)
was empioyed (500 ml bed volume column, used according to manufacturer's specifications).

Gel filtration using the Sepharose CL-6B® column was compared directly with the Sephacry! S-400®
column {a 500 ml bed volume type in this method) in the following way:

HBsAg particles were derived from cultures whose media was not pre-fractionated. The harvested
HBsAg-containing culture media was first concantrated on a Pellicon® 300,000 MW cut-off membrane or
an Amicon XM300®, 300,000 MW cut-off membrane (Amicon Corp.), and then fractionated with 10%
PEG (this reduces loss of HBsAg particles when compared to fractionation with PEG without prior
concentration on Pellicon® 300,000 MW cut-off membrane). The Pellicon® or Amicon XM300® gave the
same results. The PEG precipitaie (HBsAg particle-containing sample) was dissolved in 1 x PBS,
preferably, or in high salt Tris-NaCl Buffer (50 mM Tris - Trizma Base, Sigma; 3 M NaCl - Analytical,
Merck). 8.1 mi HBsAg sample (about 2 mg) was loaded on sither the Sepharose® or Sephacryl®
columns. In both cases sample loaded in PBS buffer was better {twofold) separated and purified than
sample loaded in TrisNaCl buffer. The differences between the columns in purifying HBsAg particles
may be summarized as follows:

HBsAg particles were eluted by washing the columns with 1 vol (500 ml) of PBS (both columns were 500
ml bed volume type columns). Eluted fractions were collected in 10 ml samples, aliquots of which were
tested for HBsAg-specificity (Travenol® kit - described in Examples 8 and 9 and protein determinations
described in Example 7). The recovery (yield) of HBsAg particles was more than 90% from the
Sephacryl $-400® column and only 75% for the Sepharose CL-6B®. Particle purity was 45% from the
Sephacryl® column when sample was loaded in PBS {and 20% when loading was with Tris-NaCl buffer);
while only 20-30% purity was achieved with the Sepharose® column when sample was loaded in PES
{10-15% purity when sample loaded in Tris-NaCl buffer).

To achieve greater purity of HBsAg particles using either the Sephacryl® or Sepharose® columns a
second gel filiration was carried out. Eluted peak fractions from the first gel filtration were concentrated
with 10% PEG in PBS and PEG precipitates redissolved in PBS. Loading samples onto the second
column was carried out as described above, for the first column but this time only PBS was used as
loading buffer. HBsAg particles were eluted with and analyzed as above for the first column. The
following was cbserved:

When the first column was Sephacryl 5-400® and the second column was Sephacryl S-400®, about
95% of HBsAg particles were recovered with a 80-70% purity.

When the first column was Sephacryl S-400® and the second column was Sepharose CL-6B®, only
about 60-70% of HBsAg particles were recovered with only about 50% purity.

When the first column was Sepharose CL-6B® and the second column was Sepharose CL-6B®, only
70% of HBsAg particles were recovered in a very broad peak (smeared peak) with a low purity of about
30%.

It should be noted again that these above described purification processes were carried out on
HBsAg particles produced in culiures whose media were not pre-fractionated. The prefractionation step
enables applicant to purify HBsAg particles to a much higher level, without the need for PEG
fractionation/concentration at any stage, using only the steps described in Example 5 and Figure 4. As
described in Section C 1 of this Example {Alternative Methods to Step 3) PEG fractionation/concentration
requires centrifugation and/or ultrafiltration with dialysis as an integral step. This is thus both time-
consuming and increases production costs.

Finally, as described above, preparation of HBsAg samples to be purified by gel filtration used a step
of concentration with either Pellicon® or Amicon XM300® system with 300,000 MW cut-off membranes.
Both achieved the same results, but the Amicon® system used could only process 50 ml samples and
required 50 psi operating pressure. The Pellicon® system can process far greater volumes and operates
at 0 psi pressure. This is desirable for industrial applications and for low cost production.

Thus, the preferred method is two consecutive column runs using Sephacryl $-400® for HBsAg
preparations which were derived from cell cultures whose media was pre-fractionated. This results in
final HBsAg particle purity of greater than 95% after the second run (Example 5 and Figure 4). This step
is also more economical as the same column is employed for the two consecutive runs.
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4) As another alternative to the second gel filtration step (Step 5 in Figure 4 and Example 5), HBsAg
particies eluted from the first Sephacryl S-400® column (Step 4) were loaded onto a sucrose gradient as
follows:

HBsAg particles were derived from cultures whose media were pre-fractionated. The HBsAg-containing
media was processed as described in Example 5 up to the end of Step 4 (i.e. steps 1-4 inclusive),

Purified HBsAg particles (after gel filtration on first Sephacryl S-400® column) were loaded on a 50%
to 5% sucrose gradient (made with PBS) in Beckman SW27 ultracentrifugation tubes. The sucrose
gradient was ultracentrifuged at 27,000 rpm at 16-21*C for 18 hours. After centrifugation 1.8 ml fractions
were collected from the bottom of the tube, and their sucrose concentration (using a refractometer) and
HBsAg-specificity were determined (using methods of Example 7). The HBsAg particle-specific peak was
located as a sharp psak in fractions 6-7. This banding pattern of HBsAg in the sucrose gradient indicates
the high homogensity of the HBsAg particles, produced by applicant's methed (illustrated in Figure 5).

Further evaluation (described in detail in Example 7) of HBsAg purity after sucrose banding

demonstrated no improvement in the purity (60-70%) of the HBsAg particles prepared by this method
(as described in Example 7 after SDS-PAGE and Western blot analysis). Further, yields are also less
than that achieved using gel filtration - only about 70% recovery. In addition, the sucrose method is very
time-consuming and employs the use of expensive machinery.
5) As another possible alternative to a second gel-filtration step {Step 5 in Figure 4 and Example 5) to
achieve HBsAg particles of high purity, HBsAg particles eluted from the first Sephacryl $-400® column
were loaded onto a CsCl gradient and separated by ultracentrifugation (Details of the methods for CsCl
gradient ultracentrifugation are described in Hilleman et al., J. Infection 7: Supplement 1, 3-8 (1983) and
Adamowicz et al., Vaccine 2: 209-214 (1984).

The results obtained using CsCl gradient separation (isopycnic banding) were: HBsAg particles of
high purity (more than 90%) were recovered, but however, recovery was low (about 40-50%). This
decrease in recovery is due to the necessary dialysis of HBsAg particles recovered from the CsCl
gradient, where dialysis is carried out in dialysis bags to which HBsAg particles adhere. Furthermore,
CsCl gradient ultracentrifugation is very expensive and time consuming and thus not industrially
applicable. The preferred method is therefore that described in Example 5 and Figure 4.

Table |l compares applicant's preferred novel process methods of HBsAg particle purification to
alternative methods employed in HBsAg particle purification. Included are possible alternative methods
applicant has employed during development of his system. Details of preferred method A are provided in
Example 5 and in Figure 4. Details of alternative methods are described above in Example 10. Details of
an especially preferred method (preferred method B) are provided in Example 11 and in Figure 8.
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EXAMPLE 11

Preferred Method B for Production and Purification of HBsAg Particles (Especially Preferred Method)

A. Detailed Description of the HBsAg Production-Purification Process

A flow diagram illustrating this method is depicted in Figure 8.
Note that pyrogen-free water and vessels are used throughout all the steps.

Steps 1 through 3:
These steps are as described for steps 1 through 3 in preferred method A (Example 5).
Step 4: DNase Treatment of HBsAg Particles from Concentrated, Clarified Culture Media

The 150 ml retentate (or concentrate) recovered from the Minitan® System of Step 3 is treated with 1
vial of 11,700 units of protease-free DNase (United States Biochemical Corporation). The incubation is for 2
hours at room temperature; by this treatment the DNA content is decreased from 20 ng/ug HBsAg to 2
pgiig HBsAg.

At the end of DNase treatment the protein solution is diluted 1:5, with 20 mM NaAc pH = 4.5. The pH
is adjusted (if necessary) to pH 4.5. The dilution is performed in siliconized botttes to prevent adsorption of
HBsAg.

After dilution and acidification turbidity appears which is removed by cenirifugation on the Sorvall®
Centrifuge at 12,000 rpm for 30 min. The supernatant (about 850 ml} contains the HBsAg.

Note that the dilution and acidification process is done to make the solution suitable for the Trisacryl®
column of Step 5, to which a low salt, low pH solution must be added. Surprisingly, the turbidity produced
by these conditions contained albumin and other contaminants, but no HBsAg. Removal of this turbidity by
centrigugation thus achived purification without loss of HBsAg.

Step 5: lon-exchange Purification of HBsAg Particles After DNase Treatment

in this stage the supernatant from the centrifugation of the previous step is fed into a cation exchange
column, SP-Trisacryl® LS (IBF, France). Many ion-exchange resins were tested for the purification of the
HBsAg (see Section C below). Unexpectedly, SP-Trisacryl® LS cation exchange column was the only
column which has a high capacity and produced both high yield and a high degree of purification; SP-
Trisacry!® LS is a copolymer of N-Acrylolyl-2-amino-2-hydroxymethyl-1.3 propane-diol which has as
functional sulfonic acid group the chemical grouping: -

-CONH-C{CH;)2-CH2-503H.

The column used is a 5 cm x 21.5 cm column (Pharmacia®) packed with 430 ml of SP-Trisacryl® LS at
a maximum linear flow velocity of 3.6 (720 mlhr).

The column is equilibrated at the above flow rate with 5 bed volumes of 20 mM NaAc pH = 4.5. After
loading, the column is washed with 3 bed volumes of 50 mM NaCl in 20 mM NaAc, pH = 4.5.

The eluate from the loading and washing steps (which contains DNA and DNA breakdown products) is
discarded. Elution of HBsAg starts with the buffer change to 140-200 mM NaCl in 20 mM NaAc, pH = 4.5.
The linear flow rate in the elution step is 6.3 (1260 ml/h). Progress of the run is monitored continuously by
following the absorbance of the eluate at 280 nm. Two peaks appear, the first of which contains pure
HBsAg, and the second of which contains some albumin contamination, the amount of which depends on
the NaGCl concentration used. By this step about 80% of the HBsAg is displaced from the column in one
bed volume. The first peak, containing very pure HBsAg, is collected for the next step.

Step bA;
The HBsAg eluate from the SP-Trisacryl® column is incubated with 1:4000 dilution of 37% formal-

dehyde (USP grads) for 48 hours at 30 * C. This treatment inactivates possible existing viruses in the protsin
solution, and is performed solely as a precautionary measure.
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Step 6: Concentration and Purification

The HBsAg-containing solution from the previous step is concentrated on the Minitan® or Pellicon®
ultrafiliration system using 100,000 MW cut-off membranes. The permeate flow rate is 1 literhr. HBsAg
does not pass the membrane and is collected in the retentate. The retentate solution is concentrated to
about 50% of its original volume.

The concentrated retentate solution is now treated as Step 4 in preferred method A. The solution is fed
onto two connected 5 cm x 100 cm Sephacryl-400® suparfine gel filtration columns, packed with a total
volume of 4L resin at a flow rate of 140 ml/hr. {Alternatively one larger column may be used.)

The column is equilibrated at the above flow rate with at least 2 bed volumes of PBS buffer (Example
5).

The HBsAg elutes after the void volume, and has high purity (greater than 98%). Formaldehyde is
retained on the column, and elutes after about one bed volume. Applicant believes it may be possible to
omit this chromatography step on Sephacryl-400® without significant loss of purification and in that case
the formaldehyde is removed by diafiltration on the Minitan® or Pellicon® Ulirafiltration System.

The HBsAg containing eluate from Sephacryl-400® column may be sterilized by filtration through a
Gelman ACRO 50A (0.2 micron) filter into glass boftles.

B. Advantages of the Above Preferred Msthod B Over Preferrad Method A (Example 5}

This new method produces a highly efficacious product which is even purer than that produced by the
pravious method. The purity (as regards protein) is greater than 98% and the DNA contamination is below
0.3 pg per mg HBsAg. The product is therefore of clinical grade. This new especially preferred method
remains simple, involving only 5-6 steps and is rapid and very efficient. The product thus produced is of
high purity at very low cost.

C. Advantages of the SP-Trisacryl® LS Co|umh Used in Step 5 Over Other lon-Exchange Columns

Many columns were tested and compared for their ability to further purify the HBsAg particles after the
initial purification of steps 1 through 3. SP-Trisacryl® proved to be the only ion-exchange resin which has
the combination of having sufficient capacity for the HBsAg and also producing high yield and purity.

In order to illustrate the unexpectedness of the successful use of the SP-Trisacryl® column to purify
HBsAg particles, a description of the use of all the columns tested follows. These results clearly show that
the SP-Trisacryl® column has a surprising advantage over all the other columns tested.

COLUMNS TESTED AFTER STEP 3 FOR PURIFICATION OF HBsAg PARTICLES

(a) S-Sepharose®
Problems: {1) Low Recovery - high affinity to particles

(2) DNA binding and elution with particles.
{b) Dextran Sulphate
Problems: {1} Very low capacity.
{2) Recovery is variable with different buffer conditions.
(c) HA Uliragel
Problems: (1) Very low capacity.
(2) Poor recovery.
{d) HTP Biogel
Problems: 50% recovery only - high affinity of HBsAg to HTP - Biogel®.
{e) DEAE Sepharose®
Problems: Low capacity - recovery not measured.

(f) SP-Trisacryl®
Advantages: High capacity and high recovery (yield).
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EXAMPLE 12

Seroconversion in Humans

Applicant's recombinant HBsAg vaccine {produced as described in Example 11) was injected ino adult
volunteers, and slicitation of a high titre of antibodies to the vaccine was demonstrated using commercial
assays for anti-HBsAg antibodies, either Ausab EIA® or Ausab RIA® (Abbott®).

Furthermore, a non-responder was identified, i.e., a human subject who had not responded to a
previous vaccine of yeast-derived recombinant HBsAg. Injection of applicant's recombinant HBsAg vaccine
elicited the production of antibodies against HBsAg. This indicates that applicant's recombinant HBsAg
vaccine should produce a higher proportion of immunized subjects than currently available vaccines.

Further Evatuation of the Quality of the Antibodies Elicited in Humans

Human sera wers collected from a person immunized with applicant's HBsAg vaccine and compared to
human sera from a person immunized with the Recombivax® vaccine and also from a patient suffering from
hepatitis B infection. The sera were analyzed for the presence of anti-Pre-S1 antibodies by a solid-phase
ELISA (as described in Example 9, Section D} with the second antibody being biotinylated anti-human
affinity purified IgG (Sigma, Catatog #B-9015). The results are shown below in Table V.

TABLE IV
Results of a Solid-Phase ELISA for Anti-Pre-S1 Antibodies in Human Sera
Source of Serum O.D. (at 405 nm)
Experiment 1 Experiment 2
After Applicant's Vaccine 0.556; 0.572 0.840; 0.843
Patient 0.530; 0.538 n.d.”
After Recombivax® 0.365; 0.377 n.d.”
Normal Human Serum 0.362; 0.367 0.389; 0.386
* not done

Table IV shows that there are anti-Pre-S1 antibodies in the blood of a person immunized with
applicant's vaccine, and that the levels of these antibodies are similar to those in the blood of a patient
suffering from hepatitis B infection. However, the blood of 2 person immunized with the yeast-derived
Recombivax® contains no anti-Pre-S1 antibodies. _

Applicant believes that this is the first time that it has been shown that a recombinant HBsAg vaccine
elicits the production of anti-Pre-S1 antibodies, and these findings demonstrate that applicant's vaccine is
more efficacious than existing vaccines in that it can overcome problems of non-responsiveness to the S
region or Pre-S2 region determinants by having Pre-S1 determinants as well (ses, for example, Zuckerman,
J., Infection 13: 61-67 (1986) (Supplement A)).

EXAMPLE 13
Preferred Method C for Production and Purification of HBsAg

A. Detailed Description of the HBsAg Production-Purification Process (Preferred Method C)

A flow diagram illusirating this method is depicted in Figure 9.
Steps 1 through 3:

These steps are as described for Steps 1 through 3 in preferred method A {Example 5) and preferred
method B (Example 11).
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Step 4. Purification of HBsAg Particles on DEAE Anion Exchange Column

The retentate, or concentrate, (100-400 ml) recovered from the Minitan® or Pellicon® system of Step 3
is applied to an ion-exchange column containing 400-900 mi DEAE Fast Flow resin suspended and
equilibrated in 1 X PBS (pH 7.35 + 0.05).

The flow-through volume is collected, the coiumn is then washed (0.5 volume of load) with 1 X PBS,
and the eluate is collected and added to the flow-through volume (total volume = 1.5 volumes of load).

After the DEAE column, the protein solution is diluted 1:3 with 10 mM NaAc (pH = 4.5} and acidified to
pH = 4.5. (After this dilution there is no visible turbidity, unlike the similar process at the end of Step 4 in
preferred method B; this is bsacause almost all the albumin has been removed by the DEAE column. As a
consequence of this, the centrifugation step to remove the turbidity can now be omitted )

Note that an optional additional step is to treat the concentrate of Step 3 with DNase (as described in
preferred method B, Step 4) before the DEAE chromatography step.

Step 5: lon Exchange Purification of HBsAg Particles

In this step the diluted and acidified flow-through solution of the previous step is fed into a cation
exchange column, SP Trisacryl® LS, as described in Step § of preferred method B (Example 11).

Step 5A: Formaldehyde Treatment

The HBsAg eluted from the SP-Trisacryl® column is freated with formaldehyde, as described in Step
5A of preferred method B (Example 11).

Step 6: Removal of Formaldehyde and Sterilization

The formaldehyde is removed from the formaldehyde-treated HBsAg solution of the last step by
dialysis. The dialysis is carried out on the Minitan® (or Pellicon®) ultrafiltration system using 30,000 or
100,000 MW cut-off membranes. Dialysis is done against 1 X PBS and the retentate is concentrated to
approximately 50 ml before the start of dialysis. The dialysis is complete after 3-4 cycles of condensation
and dialysis, when the retentate is concentrated to approximately 50 ml. The ultrafiltration system is washed
with 1 X PBS which is added to the retentate such that the total final volume of the retentate is 100 ml. This
HBsAg solution is sterilized by filtration through an 0.2 micron filter and stored at 4 C.

B. Advantages of the Above Preferred Method C Over Preferred Method B (Example 11)

This new method produces a product which is of approximately the same degree of purity as the
previous method (preferred method B). The yield of product is also approximately that achieved in preferred
method B. Furthermore, analysis of the HBsAg particles produced by method C indicates that they are
identical to those produced by method B. The advantage of this new method lies in the greater simplicity of
the method which thus produces a product of very high purity at a very low cost. The method is simpler
because:

{a) Replacement of the DNase step in preferred method B by a DEAE column also removes a
cumbersome centrifugation step; the overall cost of the process is also reduced because the cost of the
DNasse is removed.

{b) The concentration step before the formaldehyde step is omitted; it is not necessary since the
subsequent gel filtration step is removed.

(c) The time-consuming steps of equilibration, running and regeneration of the Sephacry!® column are
omitted. '

(d) The concentration step after the Sephacryl® column chromatography (gel filtration) step is omitted.

C. Advantages of the DEAE Sepharose Column

This ion exchange step is believed to be a novel step in the purification of HBsAg particles. This step is
novel in that the HBsAg paticies do not bind nor are retarded by the column but pass straight through.
Purification is achieved because the contaminants bind to or are retarded by the column; DNA binds to the
column (hence the DNase step of method B may be omitted} and the major protein contaminant, albumin,
is retarded by the column and elutes after the HBsAg particles. Similarly, other anionic contaminants such
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as proteins, charged lipids, polysaccharides and membrane fragments are separated from the HBsAg
particles. Furthermore, the pH indicators (dyes) from the cell culture medium also bind to the column and
are hence separated from the HBsAg particles. After this easily-performed step the purity of the HBsAg
particles is greater than 90%.

Note that the DEAE column as used here has a large capacity, since the conditions (pH, ioni¢ strength)
are selected so that the particles will pass straight through the column. (This differs from the attempted use
of a DEAE column described in Example 11, SEction C{e), where applicant sought to achieve purification of
the HBsAg particles by binding them to the DEAE column).

Claims

1. A process for producing purified, hepatitis B surface antigen particles which comprises:
(a) culturing mammalian cells which produce the particles in a culture medium so that the cells
sacrete hepatitis B surface antigen particles into the culture medium, the medium being supplemen-
ted with a serum which is free of molecules having a molecular weight greater than about 3 X 10°
daltons;
(b) removing whole cells, cellular debris and particle aggregates from the resulting culture medium
containing the hepatitis B surface antigen particles;
{c) treating the resulting culture medium so as to concentrate and purify the hepatitis B surface
antigen particles present therein; and
(d) recovering the resulting concentrated, purified hepatitis B surface antigen particles.

2. A process of claim 1, wherein the hepatitis B surface antigen particles are human surface antigen
particles.

3. A process of claim 1, wherein the serum of step (a) is fetal calf serum.

4. A process of claim 1, wherein the whole cells, cellular debris and particle aggregates are removed by
ultrafiltration.

5. A process of claim 1, wherein the treatment in step {(c) to concentrate and purify the hepatitis B surface
antigen particles comprises ultrafiltration.

6. A process of claim 1, whersin the recovery of the concentrated, purified hepatitis B surface antigen
particles comprises chromatography.

7. A process of claim 6, wherein the chromatography comprises gel filtration chromatography.

8. A process of claim 7, wherein the gel filtration chromatography comprises chromatography on & column
of an allyl dextran covalently cross-linked with N,N' methylene bisacrylamide.

9. A process of claim 7, wherein the ge! filtration chromatography comprises chromatography on a column
which excludes molecules of molecular weight greater than about 1 X 10% daltons.

10. A process of claim 7, wherein the resulting concentrated, purified hepatitis B surface antigen particles
are further concentrated by ultrafiltration.

11. A process of claim 10, wherein the resulting concentrated, purified hepatitis B surface antigen particles
are further purified by gel filtration chromatography.

12. A process of claim 1, wherein the treatment in step (c) to concentrate and purify the hepatitis B surface
antigen pariicles comprises dialysis.

13. A process of claim 12, wherein the resulting concentrated, purified hepatitis B surface antigen pariicles
are further concentrated by ultrafiltration.

14, A process of claim 1, wherein the mammaiian cells comprise Chinese Hamster Ovary (CHO) cells.
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A process of claim 14, wherein the CHO cells are CHO-HB200 cells.

A process for producing purified, concentrated human hepatitis B surface antigen particles which
comprises:
(a) culturing mammalian cells which produce the particles in a culture medium so that the cells
secrate human hepatitis B surface antigen particles into the culture medium, the medium being
supplemented with a serum which is free of molecules having a molecular weight greater than about
3 x 10° daltons;
(b) removing whole cells, cellular debris and particle aggregates from the resulting culture medium
containing the human hepatitis B surface antigen particles;
{c) treating the resulting culture medium so as to obtain a solution containing concentrated human
hepatitis B surface antigen particles;
(d) treating the resulting solution containing concentrated antigen particles so as to decrease the
DNA content of the solution;
(e) adjusting the pH of the then-resulting solution containing concentrated and purified surface
antigen particles so as to, if necessary, obtain a pH betwesn about 3.0 and about 7.0;
{fy purifying the concentrated surface antigen particles present within the resulting solution; and
{g) recovering purified, concentrated human hepatitis B surface antigen particles.

A process of claim 16, wherein the treatment in step (d) to decrease the DNA content comprises
adding DNase to the solution.

A process of claim 17, which further comprises subjecting the resulting solution to anion exchange
chromatography.

A process of claim 18, wherein the treatment in step (d) to decrease the DNA content comprises
subjecting the solution to anion exchange chromatography.

A process of claim 18 or 19, wherein the anion exchange chromatography comprises chromatography
on a column of crosslinked agarose having diethylaminoethyl functional groups present thereon.

A process of claim 16, wherein the serum of step (a) is fetal calf serum.

A process of claim 16, wherein the whole calls, cellular debris and particle aggregates are removed by
ultrafiltration.

A process of claim 18, wherein the treatment in step (c) to concentrate the human hepatitis B surface
antigen particles comprises ultrafiltration.

A process of claim 18, wherein the recovery of the purified, concentrated human hepatitis B surface
antigen particles comprises chromatography.

A process of claim 24, whersin the chromatography comprises gel filtration chromatography.

A process of claim 25, wherein the gel filtration chromatography comprises chromatography on a
column of an allyl dextran covalently cross-linked with N,N" methylene bisacrylamide.

A process of claim 25, wherein the gel filtration chromatography comprises chromatography on a
column which excludes molecules of molecular weight greater than about 1 X 10° daltons.

A process of claim 23, wherein the resulting concentrated human hepatitis B surface antigen particles
are further concentrated by ultrafiltration.

A process of claim 28, wherein the resulting concentrated human hepatitis B surface antigen particles
are purified by gel filtration chromatography.

A process of claim 18, wherein the treatment in step (c) to concentrate the human hepatitis B surface
antigen particles comprises dialysis.
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A process of claim 30, whersin the resulting concentrated human hepatitis B surface antigen particles
are further concentrated by ultrafiltration.

A process of claim 16, wherein the adjustment of the pH of the then-resulting solution comprises
subjecting the solution to centrifugation.

A process of claim 16, wherein the purified, concentrated human hepatitis B surface antigen particles
are further purified by cation exchange chromatography.

A process of claim 33, wherein the cation exchange chromatography comprises strong cation exchange
chromatography.

A process of claim 34, wherein the strong cation exchange chromatography comprises chromatography
on a column having sulfonic acid functional groups present thereon.

A process of claim 34, wherein the strong cation exchange chromatography comprises chromatography
on a column of a copolymer of N-acrylolyl-2-amino-2-hydroxymethyl-1.3 propane-diol having a ~-CONH-
C(CHj3)2-CH2-803H functiona! group present therson.

A process of claim 33, wherein the resulting further purified, concentrated antigen particles are treated
with formaldehyde to inactivate any live organisms and viruses present.

. A process of claim 33, wherein the rasulting further purified, concentrated antigen particles are further

concentrated by ultrafiltration.

A process of claim 38, wherein the resulting further concentrated particles are purified by chromatog-
raphy. '

A process of claim 39, wherein the chromatography comprises gel filtration chromatography.

A process of claim 40, wherein the gel filtration chromatography comprises chromatography on a
column of an allyl dextran covalently cross-linked with N,N' methylene bisacrylamide.

A process of claim 16, wherein the mammalian celts comprise Chinese Hamster Ovary (CHO) cells.

A process of claim 42, wherein the CHO cells are CHO-HB200 celis.

Patentanspriiche

1.

Verfahren zur Herstellung von gereinigten Hepatitis B-Oberflichsnantigenteilchen durch
(a) ZUchten von in einem Kulturmedium die Teilchen bildenden S#ugetierzellen, so daB die Zellen
Hepatitis B-Oberflichenantigenteilchen in das Kulturmedium absondern, wobei das Medium mit
sinern keine Molekiile eines Molekulargewichts Uber etwa 3 x 10° Dalton enthaltenden Serum
erginzt ist;
(b) Entfernen von ganzen Zellen, Zelitrimmern und Teiichenaggregaten aus dem erhaltenen, die
Hepatitis B-Oberfiiichenantigentsilchen enthaltenden Kulturmedium;
{c) Behandein des erhaltenen Kuiturmediums, um die darin vorhandenen Hepatitis B-Oberflachenan-
tigentsiichen aufzukonzentrieren und zu reinigen, und
(d) Gewinnen der erhaltenen, aufkonzentrierten, gereinigten Hepatitis B-Oberflichsnantigenteilchen.

Verfahren nach Anspruch 1, wobei die Hepatitis B-Oberflichenantigentsiichen aus menschlichen
Oberflichenantigenteilchen bestehen.

Verfahren nach Anspruch 1, wobei das Serum von Stufe (a) aus fetalem Kalbsserum besteht.

Verfahren nach Anspruch 1, wobei die ganzen Zellen, die Zelltrflmmer und die Teilchenaggregate
durch Uitrafiltration entfernt werden.
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Verfahren nach Anspruch 1, wobei die Behandlung in Stufe (c) zum Aufkonzentrieren und Reinigen der
Hepatitis B-Oberfldchenantigenteiichen eine Ultrafilration umtaBt.

Verfahren nach Anspruch 1, wobei das Gewinnen der aufkonzentrierteén, gereinigten Hepatitis B-
QOberflichenantigenteilchen eine Chromatographie umfagt,

Verfahren nach Anspruch 6, wobei die Chromatographie eine Gelfilirationschromatographie umfaBt.

Verfahren nach Anspruch 7, wobei die Gelfiltrationschromatographie eine Chromatographie auf einer
Siule eines mit N,N'-Methylenbisacrylamid kovalent vernetzten Allyldextrans umfaBt.

Verfahren nach Anspruch 7, wobei die Gelfiltrationschromatographie eine Chromatographie auf siner
S#ule umfaBt, die Teilchen eines Molekulargewichts Uber etwa 1 x 10% Dalton ausschlieBt.

Verfahren nach Anspruch 7, wobei die erhaltenen, aufkonzentrierten, gereinigten Hepatitis B-Oberfla-
chenantigentsilchen durch Ultrafiltration weiter aufkonzentriert werden.

Verfahren nach Anspruch 10, wobei die erhaltenen, aufkonzentrierten, gereinigten Hepatitis B-Oberfl3-
chenantigenteilchen durch Gelfiltrationschromatographie weiter gereinigt werden.

Verfahren nach Anspruch 1, wobei die Behandlung in Stufe (c) zur Aufkonzentrierung und Reinigung
der Hepatitis B-Oberflichenantigenteilchen eine Dialyse umfaft,

Verfahren nach Anspruch 12, wobei die erhaltenen, aufkonzentrierten, gereinigten Hepatitis B-Oberfld-
chenantigenteilchen durch Ulirafiltration weiter aufkonzentriert werden.

Verfahren nach Anspruch 1, wobei die Siugsetierzellen Chinahamster-Eierstock (CHO)}-Zellen umfassen.
Verfahren nach Anspruch 14, wobei die CHO-Zellen aus CHO-HB200-Zellen bestehen.

Verfahren zur Herstellung von gersinigten, aufkonzentrierten menschlichen Hepatitis-B-Oberfldchenanti-
genteilchen durch
(a) Ziichten von in einem Kuliurmedium die Teilchen bildenden SAugetierzellen, so daB die Zellen
menschliche Hepatitis B-Oberflichenantigenteiichen in das Kulturmedium absondern, wobei das
Medium mit einem keine Molekiile sines Molekulargewichts Uber etwa 3 x 10° Dalton enthaltenden
Serum erglinzt ist;
(b) Entfernen von ganzen Zellen, Zelitrtimmern und Teilchenaggregaten aus dem erhaltenen, die
menschliche Hepatitis B-Oberflichenantigenteilchen enthaltenden Kulturmedium;
(c) Behandeln des erhaltenen Kulturmediums, um eine die aufkonzentrierten menschiichen Hepatitis
B-Oberflachenantigentsilchen enthaltende Lsung zu erhalten;
(d) Behandeln der erhaltenen, die aufkonzentrierten Antigenteilchen enthaltenden L&sung, um den
DNA-Gehalt dor Losung zu verringern;
(9) Einstellon des pH-Werts der dann erhaltenen, die aufkonzentrierten und gereinigten Oberfléchen-
antigenteilchen enthaltenden LYsung, um wenn nétig einen pH-Wert zwischen etwa 3,0 und etwa 7,0
Zu erhalten;
(f) Reinigen der in der erhaitenen Ldsung vorhandenen aufkonzentrierten Oberfldchenantigenteilchen
und
{g) Gewinnen der gereinigten, aufkonzentrierten menschlichen Hepatitis B-Oberflichenantigenteil-
chen. '

17. Verfahren nach Anspruch 16, wobei die Behandlung in Stufe (d) zur Verringerung des DNA-Gehalts

eing Zugabe von DNase zur LYsung umfaBt.

18. Verfahren anch Anspruch 17, des weiteren umfassend ein Unterwerfen der erhaltenen L&sung einer

Anionenaustauschchromatographie.

19. Verfahren nach Anspruch 16, wobei die Behandlung in Stufe (d) zur Verringsrung des DNA-Gehalts ein

Unterwerfen der L&sung einer Anionenaustauschchromatographie umfaBt.
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Verfahren nach Anspruch 18 oder 19, wobei die Anionenaustauschchromatographie eine Chromatogra-
phie auf einer SHule vernetzter Agarose mit darauf vorhandenen funktionellen Diethylamincethylgrup-
pen umfaBt.

Verfahren nach Anspruch 16, wobei das Serum von Stufe (a) aus fetalem Kalbsserum besteht.

Verfahren nach Anspruch 16, wobei die ganzen Zellen, Zelitrimmer und Teilchenaggregate durch
Ultrafiliration entfernt werden.

Verfahren nach Anspruch 18, wobei die Bshandlung in Stufe (¢) zur Aukonzentrierung der menschli-
chen Hepatitis B-Oberflichenantigenteilchen eine Ultrafiltration umfaBt.

Verfahren nach Anspruch 18, wobei die Gewinnung der gereinigten, aufkonzentrierten menschlichen
Hepatitis B-Oberflichenantigenteilchen eine Chromatographie umfabt.

Verfahren nach Anspruch 24, wobei die Chromatographie eine Gelfiltrationschromatographie umfast.

Verfahren nach Anspruch 25, wobei die Gelfiltrationschromatographie eine Chromatographie auf einer
Siule sines kovalent mit N,N'-Msthylenbisacrylamid vernetzten Allyldextrans umfat.

Verfahren nach Anspruch 25, wobei die Gelfiltrationschromatographie eine Chromatographie auf einer
Siule umfaBt, die Moleklile eines Molekulargewichts ber etwa 1 x 10° Dalton ausschlieBt.

Verfahren nach Anspruch 23, wobei die erhaltenen, aufkonzentrierten menschlichen Hepatitis B-
Oberflichenantigentsilchen durch Ultrafiltration weiter aufkonzentriert werden.

Verfahren nach Anspruch 28, wobei die erhaltenen aufkonzentrierten menschlichen Hepatitis B-Oberfld-
chenantigentsilchen durch Gelfiltrationschromatographie gereinigt werden.

Verfahren nach Anspruch 16, wobei die Behandlung in Stufe (c) zur Aufkonzentrierung der menschli-
chen Hepatitis B-Oberflichenantigenteilchen eine Dialyse umfaBt.

Verfahren nach Anspruch 30, wobei die erhaltenen aufkonzentrierten menschlichen Hepatitis B-Oberfl4-.
chenantigentsilchen durch Ultrafiltration weiter aufkonzentriert werden.

Verfahren nach Anspruch 16, wobei die Einstellung des pH-Werts der anschlieBend erhaltenen Ldsung
ein Zentrifugieren der L&sung umfait. -

Verfahren nach Anspruch 16, wobei die gereinigten, aufkonzentrierten menschlichen Hepatitis B-
Oberflichenantigentsilchen durch Kationenaustauschchromatographie weiter gersinigt werden.

Verfahren nach Anspruch 33, wobel die Kationenaustauschchromatographie eine starke Kationenaus-
tauschchromatograhie umfabt.

Verfahren nach Anspruch 34, wobel die starke Kationenaustauschchromatographis eine Chromatogra-
phie auf einer SAule mit darauf vorhandenen funktionellen Sulfonséuregruppen umfaBt.

Verfahren nach Anspruch 34, wobei die starke Kationenaustauschchromatographie eine Chromatogra-
phie auf einer Sdule eines Copolymeren von N-Acryloyl-2-amino-2-hydroxy-methyi-1,3-propandiol mit
einer darauf vorhandenen funktionsllen -CONH-C{CHz)z-CHz-SO3 H-Gruppe umfaBt.

Verfahren nach Anspruch 33, wobei die erhaltenen, weiter gereinigten, aufkonzentrierten Antigenteil-
chen mit Formaldshyd behandelt werden, um jegliche vorhandenen lebenden Organismen und Viren zu

inaktivieren.

Verfahren nach Anspruch 33, wobei die erhaltenen, weiter gereinigten, aufkonzentrierten Antigentsil-
chen durch Uitrafiltration weiter aufkonzentriert werden.
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41.

42,

43.
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Verfahren nach Anspruch 38, wobei die erhaltenen, weiter aufkonzentrierten Teilchen durch Chromato-
graphie gereinigt werden.
Verfahren nach Anspruch 39, wobei die Chromatographie eine Gelfiltrationschromatographie umfaBt.-

Verfahren nach Anspruch 40, wobei die Gelfiltrationschromatographie eine Chromatographie auf einer
S#ule sinas kovalent mit N,N'-Methylenbisacrylamid vernetzten Allyldextrans umfast.

Verfahren nach Anspruch 16, wobei die SHugetierzellen Chinahamster-Eierstock (CHO)}-Zellen umfas-
sen.

Verfahren nach Anspruch 42, wobei die CHO-Zellen aus CHO-HB200 Zsllen bestehen.

Revendications

1.

10.

11,

Procédé de production de particules d'antigéne de surface de I'hépatite B purifiées, qui comprend :
{a) Ja culture de cellules de mammifére qui produisent les particules dans un milieu de culture de
maniére que les cellules sécrdtent des particules d'antigéne de surface de I'hépatite B dans le
milieu de culture, le milieu &tant additionné d'un sérum qui est exempt de molécules de masse
moléculaire supérieure 2 environ 3 x 10° daltons ;.
{b) le retrait des cellules entiéres, des débris cellulaires et des agrégats de particules du milieu de
culture résultant contenant les particules d'antigéne de surface de I'hépatite B ;
(c) le traitement du milieu de culture résultant de maniére & concentrer et purifier les particules
d'antigéne de surface de I'hépatite B qui y sont présentes ; et
(d) la récupération des particules d'antigéne de surface de I'hépatite B concentrées et purifiées
résultantes.

Procédé selon la revendication 1, dans lequel les particules d'antigéne de surface de I'hépatite B sont
des particules d‘antigéne de surface humain.

Procédé selon la revendication 1, dans lequsl le sérum de I'étape (a) est un sérum foetal de veau.

Procédé selon la revendication 1, dans lequel les cellules entiéres, les débris cellulaires et les agrégats
de particules sont retirés par ultrafiltration.

Procédé selon la revendication 1, dans lequel le traitement de I'étape (c) pour concentrer et purifier les
particules d'antigéne de surface de 'hépatite B comprend une ultrafiltration.

Procédé selon la revendication 1, dans lequel la récupération des particules d'antigéne de surface de
hépatite B concentrées et purifiées comprend une chromatographie.

Procédé selon la revendication 6, dans lequel la chromatographie comprend une chromatographie par
filtration sur gel.

Procédé selon la revendication 7, dans lequel la chromatographie par filtration sur gel comprend une
chromatographie sur une colonne d'un allyldexirane réticulé de maniére covalente avec du N,N'-
méthyignebisacrylamide.

Procédé selon la revendication 7, dans lequel la chromatogaphie par filtration sur gel comprend une
chromatographie sur une colonne qui exclut les molécules de masse moléculaire supérieure & environ
1 x 10° daltons.

Procédé selon la revendication 7, dans lequel les particules d'antigéne de surface de ['hépatite B
concentrées et purifiées résultantes sont concentrées encore par ultrafiltration.

Procédé selon la revendication 10, dans lequel les particules d'antigéne de surface de I'hépatite B
concentrées et purifiées résultantes sont purifiées encore par chromatographie par filiration sur gel.
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Procédé selon la revendication 1, dans lequel le traitement de I'étape (c) pour concentrer et purifier les
particules d'antigéne de surface de I'hépatite B comprend une dialyse.

13. Procédé selon la revendication 12, dans lequel les particules d'antigéne de surface de P'hépatite B

14.

15.

16.

17.

18,

19.

20,

21.

22.

23.

24.

25.

concentrées et purifiées résultantes sont concentrées encore par ultrafiltration.

Procédé seion la revendication 1, dans lequel les cellules de mammifére comprennent des cellules
ovariennes de hamster chincis (CHO).

Procédé selon la revendication 14, dans lequel les cellules CHO sont des cellules CHO-HB200.

Procédé de production de particules d'antigdne de surface de I'hépatite B humain concentrées et
purifiées qui comprend :
{a) la culture de celiules de mammifére qui produisent les particules dans un milieu de culture de
manitre que les cellules sécrétent des particules d'antigéne de surface de I'hépatite B humain dans
le milieu de cutture, le milisu étant additionné d'un sérum qui est exempt de molécules de masse
moléculaire supérieure 4 environ 3 x 10° daltons;
(b) le retrait des cellules entiéres, des débris cellulaires et des agrégats de particules du milieu de
culture résultant contenant les particules d'antigéne de surface de 'hépatite B humain ;
(c) le traitement ‘du milieu de culture résultant de manigre & obtenir une solution contenant des
particules d'antigéne de surface de I'népatite B humain concentrées ;
{(d) le traitement de la solution résultante contenant des particules d'antigéne concentrées de
maniére &4 abaisser la teneur en ADN de la solution ;
(e) I'ajustement du pH de la solution ainsi obtenue contenant des particules d'antigéne de surface
concentrées st purifiées de manidre & obtenir, si nécessaire, un pH compris entre environ 3,0 et
environ 7,0 ;
{f) la purification des particules d'antigéne de surface concentrées présentes dans la solution
résultante ; et
(g) la récupération des particules d'antigéne de surface de I'hépatite B humain concentrées et
purifiées.

Procédé selon la revendication 16, dans lequel le traitement de I'étape (d) pour abaisser fa feneur en
ADN comprend I'addition de DNase & la solution.

Procédé selon la revendication 17, qui comprend en outre la soumission de |a solution résultante & une
chromatographie d'échange d'anions.

Procédé selon la revendication 16, dans lequsi Ie traitement de I'étape {d} pour abaisser la teneur en
ADN comprend la soumission de la solution & une chromatographie d'échange d'anions.

Procédé selon la revendication 18 ou 19, dans lequel la chromatographie d'échange d'anions comprend
une chromatographie sur une colonne d'agarose réticulé contenant des groupes fonctionnels diéthyla-
minoéthyle.

Procédé selon la revendication 16, dans lequel le sérum de I'étape (a) est un sérum foetal de veau.

Procédé selon la revendication 16, dans lequel les cellules entigres, les débris cellulaires et les
agrégats de particiles sont retirés par uitrafiltration.

Procédé selon la revendication 16, dans lequel le traitement de I'étape (c) pour concenirer les
particules d'antigéne de surface de I'hépatite B humain comprend une ultrafiltration.

Procédé selon la revendication 16, dans lequel la récupération des particules d'antigéne de surface de
I'hépatite B humain concentrées et purifiées comprend une chromatographie.

Procédé selon la revendication 24, dans lequel la chromatographie camprend une chromatographie par
filtration sur gel.
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Procédé selon la revendication 25, dans lequel la chromarographie par filtration sur gel comprend une
chromatographie sur une colonne d'un allyldextrane réticulé de maniére covalente avec du N,N'-
méthyl@nebisacrylamide.

Procédé selon la revendication 25, dans leque! 1a chromatographie par filtration sur gel comprend une
chromatographie sur une colonne qui exclut ies molécules de masse moléculaire supérisure 3 environ
1 x 10° daltons.

Procédé selon la revendication 23, dans lequel les particules d'antigéne de surface de P'hépatite B
humain concentrées résultantes sont concentrées encore par ulirafiltration.

Procédé selon la revendication 28, dans lequel les particules d'antigéne de surface de I'hépatite B
humain concentrées résuliantes sont purifiées par chromatographie par filtration sur gel.

Procédé selon la revendication 18, dans lequel le traitement de I'étape (c) pour concentrer les
particules d'antigéne de surface de F'hépatite B humain comprend une dialyse.

Procédé selon la revendication 30, dans lequel les particules d'antigéne de surtace de I'hépatite B
humain concentrées résultantes sont concentrées encore par ultrafiftration.

. Procédé selon la revendication 18, dans lequel I'gjusterment du pH de la solution ainsi obtenue

cormprend la soumission de la solution & une centrifugation.

Procédé selon la revendication 16, dans lequel les particules d'antiggne de surface de I'hépatite B
humain concentrées et purifiées sont purifiées encore par chromatographie d'échange de cations.

Procédé selon la revendication 33, dans lequel la chromatographie d'échange de cations comprend une
chromatographie d'échange fortement cationique.

Procédé selon la revendication 34, dans lequel ia chromatographie d'échange fortement cationique
comprend une chromatographie sur une colonne contenant des groupes fonctionnels acide sulfonique.

Procédé selon la revendication 34, dans lequel la chromatographie d'échange fortement cationique
comprend une chromatographie sur une colonne d'un copolymére de N-acryloyl-2-amino-2-hydroxymé-
thyl-1,3-propanediolcontenant un groupe fonctionnel -CONH-C{CHs)2-CH2-SOsH.

Procédé selon la revendication 33, dans lequel les partieules d'antiggne concentrées et purifi€es
encore résultantes sont traitées avec du formaldéhyde pour inactiver tout organisme vivant et tout virus
présents.

Procédé selon la revendication 33, dans lequel les particules d'antigéne concentrées et purifiées
encore résultantes sont concentrées encore par ultrafittration.

Procédé selon la revendication 38, dans lequel les particules concentrées encore résultantes sont
purifiées par chromatographie.

Procédé selon la revendication 39, dans lequel la chromatographie comprend une chromatographie par
filtration sur gel.

Procédé selon la revendication 40, dans lequel la chromatographie par filtration sur gel comprend une
chromatographie sur une colonne d'un allyidextrane réticulé de maniére covalente avec du N,N'-

méthylénebisacryiamide.

Procédé selon la revendication 16, dans lequel les cellules de mammifére comprennent des cellulaires
ovariennes de hamster chinois (CHO).

Procédé selon la revendication 42, dans lequel les cellules CHO sont des celivies CHO-HB200.
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Producti  Purification Sct { HBsAe Particl

Production of HBsAg particles in tissue culture system using
FCS-supplemented culture media that was prefractionated on
a Pellicon™ 300,000 MW cut off membrane - only Filtrate
(proteins < 300,000 MW) is added to celt culture, Retentate
on the membrane (proteins >300,000 MW) is discarded

1

!

|

v

Collect culture media daily, pool and purify by first clarifyin
crude medium containing HBsAg particles on a Pellicon

0.22 micron membrane - only Filtrate is purified further,
Retentate (cells and cell debris) on membrane is discarded

i
1
1
1
|
f
¥

Concentration of HBsAg particles from clarified crude
medium (filtrate of Step 2) and Dialysis against PBS on a
Pellicon™ 300,000 MW cut off membrane - only Retentate is
purified further (proteins above 300,000 MW). Filtrate is
discarded (proteins below 300,000 MW). Retentate

concentrated further on Minitan™ 300,000 cut-off membrane

]
I
1
]
(
[
Y

Retentate of Step 3 is purified by Gel Filtration I on a
Sephacryl S-400"" column. Followed concentration of
eluted HBsAg peak fractions om Minitan*™ (300,000 MW cut
off membrane)

o - ————

Concentrated HBsAg eluate of Step 4 purified further by Gel
Filtration II on Sephacryl S-400'™ column, followed I?x{(

concentration of eluted HBsAg peak fractions on Minitan
(300,000 MW cut off membrane)

FIGURE 4
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FIGURE 8

Steps 1-3 As in Figure 4

v
Step 4 DNase treatment of HBsAg Particles from concentrated clarified
culture media. Dilution and acidification with 20 mM NaAc pH
4.5. Turbidity which appears is removed by centrifugation,

v
Step 5 Supernatant of Step 4 is purified on SP-Trisacryf™ LS column.

v -
Step S5a Concentrated HBsAg eluate of Step 5§ is treated with
formaldehyde.

v

Step 6 HBsAg-containing solution from step 5 is concentrated on
Minitan™ or Pellicon™ (100,000 MW cut off membrane).
Concentrated retentate is purified on Sephacryl-400. Eluate from
Sephacryl400 sterilized by filtration through 02 micron filter.
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Purification of HBsAg Particles
Steps 1-3 As in Figure 4
Step 4 Retentate of Step 3 is purified on DEAE-Fast Flow column.

The flow-through fraction is collected, diluted 1:3 and
acidified to pH 4.5.

Step 5 - Acidified diluted flow-through of Step 4 is purified on SP-
Trisacryl® LS column.

Step Sa Eluate of Step 5 is treated with formaldehyde.

Step 6 Dialysis to remove formaldehyde on Minitan® or Pellicon®
(30K or 100K MW cut-off membrane). The concentrated
retentate is sterilized by filtration through 0.2 micron filter.
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FIGURE 10
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