Hepatitis B Vaccines
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.
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 yields. Because of the lower yields and lack of pre-SI region, it is also immunogenitically inferior. 
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 serum which is free of molecules having a molecular weight greater than about 3×105 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 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 3×105 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 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, specifically 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 particularly, the purification process is characterized in that a novel prefractionation step, i.e., via ultrafiltration, is employed to remove molecules having a molecular weight greater than about 3×105 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 3×105 daltons include high molecular weight protein complex contaminants which originate in the fetal calf serum used in the culture media and their prior removal has the following advantages:
(1) cells may be grown in culture media containing high levels of FCS;
(2) cell growth is enhanced because the high molecular weight 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. 
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, so as to obtain 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. 
Finally, the invention provides a HBsAg particle produced by a mammalian cell system which contains all of the naturally occurring antigenic determinants (Pre-S1, Pre-S2 and S) in amounts that resemble the "natural" stoichiometry. 

