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PCT/ U896/ 15002 | MPROVED METHODS FOR THE PRODUCTI ON.OF NON-_ COVALENTLY

O OVE SUB-UNIT VACCINES 5 1. FIELD OF THE
I NVENTI ON Thi s invention concerns methods of production and conpositions
for non-coval ently conpl exed nultival ent proteosone vacci ne sal
and par ent er aVO24 stration. 10 2. BACKGROUND OF THE I%G%fﬂésqgn
order for nultivalent sub-unit vaccines to stinulate optinmal inmune
responses to each of the conponents, the proper conponents should be

appropriately associ at edPROVED'METHODS PORTHE FRODUCTIOR OFNON: o t hat
they may be CEOYARENTLY COMPLERED RNDUL: NT PROVEGSOME SUBLURTT
i mmune system Prine exanples of such Rg{cé ently conpl exed vacci nes

i ncl ude proteosone vaccines which can consist of neisserial outer membrane
protein proteosones non-coval ently conplexed to a wide variety of antigens
I ncl udi ng peptides, |ipopeptides, transnenbrane or toxoi ded proteins,

pol ysacchari des oFIELPWOEITHEINNVENTION (LPS) (patent application nos.

07/ 065, 440 filed .June 1987 "| nmmunogeni.c_peptide,vaccines 20 an

net hods of prepar so‘ﬁ"‘?“"ﬁ?f’%’!?%?fﬁf th Pignd £omm sﬁfﬂ%%‘ﬁfp‘lﬁnéﬁwﬁg?%
system for | ghbfipleRedmitivalefsroosonReRictiiestor ntuéofdd Bnd! phreriterab sdnSiniskratide 1
1992 "Oral or Intranasal Vaccines Using Hydrophobi c Conpl exes Havi ng

Prot eosdfes and Li popol ysacchari des"; 08/ 029,666 filed 11 March 1993

"1 mrunopot enty at i PACKERDOND OF THP NVENATIONS | munogeni ¢ Materi al s";

08/ 143,365 filed 29 October 1993 "I munopotentiating Systens 25 for
Preparation of | nmimeuige feromultivaient spbounit yarcines toostimulate gptimal dmpaipe respostyes to

"Submi €ron  each of the components, the proper components should be appropriately associated and each
be available to the immune system so that they may be efficiently recognized and processed
15 by cells of the immune system. Prime examples of such non-covalently complexed vaccines

include proteosome vaccines which can consist of neisserial outer membrane protein
proteosomes non-covalently complexed to a wide variety of antipens including peptides, -
lipopeptides, transmembrane or toxoided proteins, polysaccharides or lipopolysaccharides
(LPS) (patent application nos. 07/065,440 filed 23 June 1987 "Immunogenic peptide vaccines
20 and methods of preparation"; 07/336,952 filed 12 April 1989 Immunopotentiaing system for
large proteins and polypeptides”; 07-958,426 filed 8 October 1992 "Oral or Intranasal
Vaccines Using Hydrophobic Complexes Having Proteosomes and Lipopolysaccharides”;
08/029,666 filed 11 March 1993 "Immunopotentiating Systems for Preparation of
Immunogenic Materials"; 08/143,365 filed 29 October 1993 "Immunopotentiating Systems
25 for Preparation of Immunogenic Materials"; 93/10,402 filed 29 October 1993 "Submicron
Emulsions as Vaccine Adjuvants”; 08/063,613 filed 18 May 1994 Solid Fat Nanoemulsions
as Vehicles for Vaccine Delivery" and publications Orr, N., Robin, G., Cohen, D., Amon,
R. and Lowell, G.H. (1993). Immunogenicity and Efficacy of Oral or Intranasal Shigella
flexneri 2a and Shigella sonnei Proteosome-Lipopolysaccharide Vaccines in Animal Models.
30 Infect. Immun. 61:2390; Mallett, C.P., T.L. Hale, R. Kaminski, T. Larsen, N. Orr, D.
Cohen, and G.H. Lowell. 1995, Intranasal or intragastric immunization with proteosome-
Shigella lipopolysaccharide vaccines protect against lethal pneumonia in a murine model of
shigellosis. Infect. Immun. 63:2382-2386.; Lowell GH, Kaminski RW, Grate S et al. (1996)
‘Intranasal and intramuscular proteosome-staphylococcal enterotoxin B (SEB) toxoid vaccines:
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Enmul si ons as Vacci ne Adjuvants”; 08/063,613 filed 18 May 1994 Solid Fat
Nanoerul si ons as Vehicles for Vaccine Delivery" and publications Or, N.,
Robin, G, Cohen, D., Arnon, R and Lowell, G H (1993). Immunogenicity and
Effi cacy of Oral or Intranasal Shigella flexneri 2a and Shigella sonnei

Pr ot eosone- Liyaepplpygacchari de Vaccines in Aninal Mdels. 30pcrudobises -

| mun. 61:2390; Mallett, C.P., T.L. Hale, R Kamnski, T. Larsen, N. Or,

D. Cohen, and G H Lowell. 1995. Intranasal or int ragastrl Cc i nmuni zation

Wi t h pr ot eos ¥nmunopenigity and efficasy agajnsticthrbSERiatoxicationig snice. dnfec timamai 6451 706-

63: 2382 2380 T oy i S {300 ¥ifleofies, Y Fopttble anchiley lomd i tohosomes for - g
i nt ranuscul almproved: Bresentationaof Wmmeimxlznwm G.
vacci nes: V\Q{ 7/ 10844

PCT/ US96/ 15082 g M. M Leying, eds. (Mapss! Dekker, NY). Ghapter 13- 1415460408 o

in mce.s|nfeowell,MGIH., GWK.788Houl /L.E.; ShikeR.A. Gvittz, (WOBO) ZdThiRge? OfATRS.T.

Hydr ophobi c chors, and Li posornes fO[ Irrproved Presentati on of
Pept i de and V@@ ﬂﬁm Vagcings; ephancement of dmmunogenicityofor and

M M Levi nemﬂﬁcgw m&emm Chapter 12 (pp. 141-160) and 5
Lowell, GH, WR_Ballou, L.F. Smth, RA Wrtz, WD Zollinger and WT.
Hockrreyer 1988. FBheyconsaeot] alh dhe dorumentsa sitedn dereine Ateaexpsesslyt ingprporated by

| Munogeni Ci {yedfife. Ml aria CS peptides. Science 240:800.) The contents of
all the docunents %ited herein are expressly incorporated by reference. 10

For prali ca! appFor piactical applizationninsddministgring vadcines td progeco hgaisist aljseases it is
e e v Ty HEdhlaty RGN Verki SullP deig Bl of e Shile bl B ol 38 e e "

that mdmduals are susceptible to the contraction of diseases caused by a variety of
organisms. Moreover, several organisms, whether or not they are related to one another,
often are endemic in the same location and therefore individuals requiring protection may

15 need vaccination with several types of vaccines.
In the past, the production of vaccines that require non-covalent complexing of
components has been accomplished using simple dialysis in which components are placed in
dialysis tubing in the presence of dialyzable detergent and the mixture is dialyzed for 7-10
days to attempt to remove the detergent. The practical disadvantages of this system tend to
20 severely preclude the advanced development and commercialization of this technology for
several reasons including 1) Time: Length of time of the procedure: The need to use GMP
resources for weeks while the vaccine is dialyzing is impractical both due to the excess costs
involved and the increased opportunity for breakdown or contamination of mechanical or
biological components during this extended period of time; 2) Contamination: Increased
25 opportunity for contamination: dialysis tubing is difficult to sterilize, dialysis tubing requires
- manually opening and closing the system thereby exposing the components to contamination
during both the loading and unloading process. Since many days transpire between loading
and unloading the tubing, the risk of a small contamination in the initial days of the process
may readily be magnified during the many days éf dialysis to render this method useless for
30 practical vaccine manufacture. The risk of puncturing the bag can result in loss of product.
3) Temperature: Necessity to perform the dialysis at 4° C due to the extensive time
involved; 4) Volume of dialyzing fluids: In order to manufacture vaccine for scale-up of the
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The second problem solved in this mvemion is the demonstration of the method of

producing and delivering multivalent vaccines. Components can either be made together or
15 produced separately and mixed together prior to administration. The instant invention
demonstrates the optimal way of preparing such multivalent vaccines.

3. SUMMARY OF THE INVENTION.
The subject of the instant invention broadly relates to the production and manufacture
20 of proteosome-amphiphilic determinant vaccines designed for either parenteral or especially
for mucosal administration including, but not limited to, respiratory (e.g. including
intranasal, intrapharyngeacal and intrapulmonary), gastro-intestinal (e.g. including oral or
rectal) or topical (e.g. conjunctival or otic) administration to induce both systemic (serum)
and mucosal (including respiratory and intestinal) antibody responses. An amphiphilic
25 determinant is a molecule having hydrophobic and hydrophilic regions which, when
appropriately formulated with proteosomes, align with the proteosomes to for a complex
which elicits an immunologic response in a subject. Typical amphiphilic determinants
include glycolipids, liposaccharides (including detoxified lipopolysaccharides), lipopeptides,
transmembrane, envelope or toxoided proteins, or proteins or peptides with intrinsic
30 hydrophobic amino acid anchors. These determinant materials can be obtained from gram
negative bacteria including escherichia, kiebsiella, pseudomonas, hemophilus brucella,
shigella and neisseria. More specifically, the invention relates to proteosome vaccines in
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process, the use of massive anpunts of dialysis fluid would be necessary
since a 200:1 ratio of liquid outside to the dialysis tubing to inside the
tubing is typically required. Therefore, for exanple, the production of a
pilot lot of $WQshdskers of vaccine would require 400 |iterspefubdersez
outside the tubing per day - 4,000 liters per 10 days - and the production
of ab production | ot of 20-200 liters would require 40, 000-4, 000, 000
liters. Thesevhiclomenisgosoecahoutershermbraneiprotein protdoseme prgparations (prsparbd frent anyd
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conpl et eness cninplexedved makive her ddttmlfjelhtslngtllas ot onmsemh zllpopdysacclnndes or
\elg}‘ 5%;vg¥1e;3¥m§l&%§% he, di ahé 5 gﬁg keg a cog&al ner W t’t) 200
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mul tival ent vaccines. Conponents can either be nade tog;at her
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(serum organisms to confer homologous immunity against shigellosis caused by S. flexneri 2a (or
15 3aetc.), S. boydii, S. sonnei etc. Still more specifically, the instant invention describes the

successful administration of proteosome-shigella vaccines that are multivalent in that two

independemly made proteosome vaccines using shigella LPSs derived from S. flexneri 2a (for

S. flexneri 2a discase) and from P. shigelloides or S. sonnei (for S. sonnei disease) are

administered together thereby inducing antibodies that recognize the two organisms and

20 thereby conferring protection against the two types of diseases. Most specifically, the instant

invention relates to a proteosome-shigella LPS vaccine in which proteosomes from group B

type 2b meningococci are complexed to P. shigelloides LPS using hollow fiber diafiltration

technology to produce a vaccine administered by mucosal respiratory and/or gastro-intestinal

routes to induce antibodies that recognize the somatic O-antigen LPS of S. sonnei and thereby

25 protect against shigellosis caused by this organism. Other conventional
ultrafiltration/diafiltration are envisioned, e.g. platform membrane and membrane cartridge.

The present invention provides methodology to produce non-covalently complexed

vaccines in a manner that 1) Decreases the time required, 2) Decreases the opportunity for

contamination, 3) Increases the temperature to ambient temperature that such vaccines can

30 be produced, 4) Allows for efficient scale-up of the production process so as to require

minimum use of reagents, 5) Allows for reliable and efficient sampling of dialysate so as to

be able to repeatedly measure rate of removal of the detergent so as to optimize efficiency
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confer honol ogous pr ot ect | on aaal nst Shl eI losis. Still npre specifical I

the |i popol ysefdbebousingsofithaea rthqgmeo diglysis dorprodustion of a it g °Fﬁ&a'&
such anti - shi gahled fiinPPL16 Y5ys'1STPsd hah 92 ROUS S @uSlly less than 48 or 24 hours. Since

this short time is used, the reaction temperature can be increased from 4°to normal room

temperature without compromising the process or the integrity of the products. While the

15 process was performed at about 20°C, temperatures between 0° and 40°C are contemplated.

Since the system is closed, there is a highly reduced potential for contamination. In addition,

by increasing the size of the housing, an exceedingly large amount of material can be

processed in a relatively short period of time thereby allowing for efficient and reproducible

scale-up of the procedure for commercial development. Furthermore, the permeate can be

20 repeatedly sampled to measure the removal of the detergent as can be accomplished using

the test of the instant invention to measure the presence of the detergent empigen BB, the

detergent used in the preferred embodiment. The uniqueness of this methodology needed

experimental verification since it was not obvious that the complexing and the structure of

the vaccine into immunogenic materials that was accomplished by slowly dialyzing over 7-10

25 days using a stationary dialysis bag could be equalled or improved upon using the hollow

fiber technology in which the moieties to be complexed are moving through tubes at
exceedingly high flow rates compared to that of the stationary dialysis tube.

Since the nominal molecular weight cutoff of the membrane used can be selected to

be from 1,000, 3,000, 5,000, 10,000, 30,000, 50,000 or greater, depending on the size of

30 the components to be non-covalently complexed, this system is readily adaptable to the

complexing of native or detoxified lipopolysaccharides, lipids, peptides, lipopeptides,

liposaccharides, polysaccharides, gangliosides or transmembrane, envelope or native or



prepared and purified fromeither Shigella sonnei or Plesiononas

shi gell oides for immunity agai nst Shigella sonnei disease, from Shigella
flexeri 2a for imunity to Shigella flexneri 2a disease, and so forth,
using LPS derived from honol ogous or antigenically cross-reacting organi sns
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15 individually made vaccines, each at the optimal concentration, on the same day. Other
possibilities such as making hybrid vaccines during the formation of the non-covalent

complexes have also been accomplished or are envisioned.

4. BRIEF DESCRIPTION OF THE FIGURES
20

Figure 1: Intranasai immunization with proteosome-P. shigelloides LPS Vaccine:
serum IgG responses elicited by several preparations at decreased doses.

Figure 2: Intranasal immunization with Proteosome-P. shigelloides LPS vaccine:
25 serum IgA responses elicited by several preparations at decreased doses.

Figure 3: Administration of the proteosome-P. skigelloides LPS (for S. sonnei
shigellosis) and the proteosome-S. flexneri 2a vaccines together on the
same day or weeks apart results in good immunogenicity to both the S.
30 sonnei and S. flexneri 2a LPS components.

Figure 4: Immunogold labelled electron micrograph of proteosome-shigella LPS
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of the operation. This leads directly to an increase in the conpl exing
effTTrency of —Vvaccine so as to produce vaccine wth nmeasurably greater

I nfirunogenicity at |ower doses. In this manner, the overall quality of the
product is significantly enhanced. 6) In addition, a nethod is described to
neasure the pwoswmses of the detergent used in the preferred PERYSY M, 5
Enpigen BB. Oher dialyzable detergents can be used in place of Enpigen
BB. Furthernore, using the.r . Of NS b Y5 R '

denonstrated that the vac‘@f"‘%@g @@ﬂ"'ﬁ%’%@%ﬁ?l*?@@%ﬁ&‘ﬁhﬁ%ﬁﬁ@@& a
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conpl exi ng by renoval of sohfei pRbumNdRRIn anfaninisl 'iiédet of Sigatiosss. of t he housing

of the cartridge, the tinme of dialysis for production of a |ot of vaccine
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48 or 24 hourS-pﬁugf' : t 1 sl or ordl EminbndlatRAt wilt frofeBRfnle. dipellf TREACH 24/ EPS an
be increased fro g’rr] l?o norr‘r’él room errper“élt e Wt oﬁh conprom si ng
the process or the integrvacginesf indhee antibshigells LR&HIgG anH dgAsin serpmoandsigAvdr
perforned at about 20C, tepperatures be @ dnAOLEE _
contenpl ated. Since the sWi %dcli%‘gegx,&gge&e |§h§ %%hlh? ?g%gcgays post
potential for contam natiipmunizatiesldi ti on, by increasing the size of the

housi ng,,_an exceedingly | arge anmount of material can be processed in a
relativépy short period of time thereby allow ng for efficient and

reproduci bl e sc@hmalp: of InfGndeHI06€ il CirBliniL 6T EHC hithariie with OfiiEE of .two  doses
Furthernore, the perneate can be 20  repeatedly sanpled to neasure the
renoval of the detergent Proteaspmens skigelfaides SHRY Yecrings ek Shigella yonpgf using

instant invention to Measyifreht Gacting afidhfts OndhétRonlst MEidAigell£ TIPS IRA, Bits ahdie
IgM peripheral blood ASC responses, and serum, salivary and urinary

15 antibody responses.

Figure 8: LPS in HPLC fractions after applying uncomplexed P. shigelloides LPS
and Demonstration of non-covalent complexing of LPS and proteosome
proteins by co-elution of LPS and proteins in HPLC fractions after

20 applying proteosome-P. shigelloides LPS vaccine.

Figure 9: Bactericidal antibody response of mice to meningococcal outer membrane
protein-detoxified lipooligosaccharide vaccine, geometric mean reciprocal

titers against meningococcal strain 9162

25
5. DETAILED DESCRIPTION OF THE INVENTION:
EXAMPLE 1
This example is detailed for production of proteosome-P. shigelloides vaccine
30 containing approximately 2-3 grams of protein. The procedure is equally applicable

for scale-up using 10-1000 fold more material with appropriate scale-\ip of housing
size of the membrane cartridge and appropriate increases in the volumes. Using the
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menbr ane pr ot ei n BFBPFARSPrOKIR Preparationsaf puotaesomes; o Empigen BBnis the detergentaused be

used as a vacci Negage ﬁhﬁﬁ' £ ; 'fo@ﬁh rbd ' '
the respiratory gars gastro-i {rﬁeg%fil,na ﬁgt(i:‘?%e. g. +#@%ﬁa@gﬁﬁ§ld %‘P’a?%@ 5
oropharyngeal i niigtesgant thaysolubilizes the componénts;. This procedure: updseAlS technology | S

shown that prote ar oR- C nt | exed, to P. shige]lloides LPS
to forma vaccine %Eagesi n utgegkth a tigélﬁgggn)ne L?gg rggﬂgns%qgﬁes%y

for prd@ection agultrafiltration/diafiltretions systgel. | 0Si S.

5.0.0.1 PRELIMINARY OPERATION
5.0.0.1.  Sterile filter a stock solution of 30% Empigen BB, which is the detergent used in

this process.
15

5.0.0.2. Prepare 2X TEEN / 2% Empigen (0.1M Tris, 0.02 M disodium EDTA, 0.3 M

sodium chloride, WFI and 2% Empigen, pH 8.0)

5.0.0.3. Prepare 150 L of a TNS (Tris Normal Saline) solution containing 0.05M Tris,
20 0.15M sodium chloride pH 8.0 for the purpose of dialyzing out the detergent.

5.0.0.4. Prepare 10 liters of Sodium Hydroxide for UF cartridge cleaning.

5.0.0.5. Thaw the required amount of Shigella flexneri 2a Lipopolysaccharide (LPS).
25

5.0.1. COMPLEXING PROTEOSOMES WITH S. flexneri 2a LPS

5.0.1.6. Add an equal volume of 2X TEEN buffer to the volume of LPS and mix well.
30 5.0.1.7. Thaw and measure an amount of bulk proteosomes, in mg’s, equal to the amount

of LPS thawed in step 5.



The net hodol ogy has three stages: a prelimnary operation; conplexing the

10 .proteosone with an anphiphilic deternm nant e.g. P. Shigelloides LPS;
folTowed by a sterile TiTtratiton. To optimally deliver nultival ent

vacci nes, the present invention shows that the best nethod is to nake the

specific vaccines individually and then i mmunize with the two 15

i ndi vi dual | y WB4#1%4ci nes, each at the optimal concentrati SATUSHSMR sanme
day. O her possibilities such as making hybrid vaccines during the

formation of o] 8 . ' e
envi si oned. 4”%%15?‘%@@%?‘8%%@?@ WE@E’&%W ﬁ?f?ﬁ%ﬁ‘&%‘g

i uni zati on with preombineowith the IRS fyem|stdpdes LPS Vacci ne: serum | gG
responses elicited by several preparations at decreased doses. Figure 2:

I ntranasal immunization with Proteosonme-P. shigelloides LPS vaccine: 25
serum | gA ressoies Mix bothadnipynents/ welll USRNAIISt infiateson 8 Q6F Pt dnd 86 Bar
Fi gure 3, Adm ni stratian of the proteosone-P. shigelloides LPS (for S.
sonnei s?li gel | osi s) ':gﬂ’%“laﬁgnffr me-S. flexneri 2a vaccines together on
the sane day or weeks apart results in good i munogenicity to both the S.

30 sonnei and S. flexneri 2a LPS conponents. Figure 4:
| munogol d | 25&1118¢ Fa dialyzethe detergent onbso that protse: iplsxeseauldfonns set up an\D
97/ 10844 ultrafiltration system (based on tangential flow technology 3 using ¥ Rotiow RBer
cartridge with a nominal molecular weight cutoff (NMWC) pore size of 10,000
10 manufactured by A/G Technology, Inc. connected to sterilized silicone tubing and

a peristaltic pump. Sanitary pressure gauges are placed on the inlet and outlet
side of the cartridge to monitor pressure throughout the run. A back pressure
valve is placed on the outlet side of the cartridge to as to adjust back pressure.

15 5.0.1.11. The ultrafiltration system is cleaned and sanitized with WFI and 0.5N NaOH at
a temperature of 50°C for a time greater than 60 minutes. This system is flushed
with WFI and equilibrated with TNS buffer prior to use.

5.0.1.12. A sterile reservoir vessel is placed in line so that the inlet liquid is pulled from

20 the vessel and the return retentate returned to the same reservoir. As liquid
passes through the cartridge membrane (permeate or filtrate) it is replenished by

TNS buffer either by direct addition or by a continuous feed system. Set up a

continuous feed system by connecting silicone tubing to a vessel containing TNS

buffer to the sample reservoir that is then air tight. As the liquid is removed by

25 filtration from the sample reservoir a vacuum is created causing “TNS” buffer to
be pulled from the itS vessel into the sample reservoir. If the system remains air

tight the sample level it the reservoir remains constant.

5.0.1.13. Start the recirculation pump to begin diafiltration. Adjust the pump speed and the
30 back pressure valve to obtain a back pressure of 15 +4 psi.

5.0.1.14. Verify progressive removal of Empigen BB by testing permeate samples taken



vacci ne show ng associ ation of shigella LPS with proteosone vesicl es.

Fi gure. 5: Pr ot eosone- P. Shigell oi des LPS vacci ne protects against |ethal
Shi gell a sonnei pneunonia in an ani mal nodel of Shigellosis. 5 Figure 6:

| ntranasal or oral inmmunization with proteosone-shigella flexneri 2a LPS
vacci nes ind Abdeg Shigella LPS 1gG and 1 gA in serum and bpgfsssnsooz

I ntestinal and lung [avage fluids that can | ast 30-60 days post-

i muni zation. 10 Figure 7: _ Intranasal or oral immunization of humans with
one or two doses proevasy d0dS fitersusingsh¢ Bmpigen Preipitiichdsh cBhis st cehsisye bf making

sonnei using differept. I : .0, L=.shi A A,
| gG and | gMgperi pher%%?%ﬁ&%gé@ﬁg%yuggé %é@%%%gdm&g%%gﬁ?ﬁry
f15 _ f I quamtityi bbdnpilgas ﬂﬂl;laddmgp i h!H(Cllulba_cmify tlefD lsﬁlﬁtiicajns 4nid Gen adding
ractions after a in nconpl e ... Shi oi des an stration
of non-coval ent cgﬁpwﬂg"@n@f@sﬁﬁw}"&% We‘“gﬁ@é‘? 9 ‘%‘%ﬁ%f
LPS and proteins in pighfs Meihin® precipitidwill form when equivalent amounts G¥RRIpiieRfind
pr ot eosone- P. shigel |l gi des LPS vaccine. Figure 9: Bacterj ci dal anti body
response of mice to APH MGoRIEREG| Buthis maphas, the ampwAt ol crapiges: iProseRt can be

| pool | gosacchari de @ity byARAHHE bie diuiBAT 1€ SDB! B Herrhdaled 'add 36 e andards
meni ngococcal strain 9162 2575, TAI LED DESCRI PTI ON"OF THE | NVENTI ON

EXAMPLE 1 at which the maximum precipitate is formed. As the diafiltration progresses, the
amount of empigen becomes less and the tube containing less SDS will be the tube
10 with the maximum precipitate. The presence of precipitate is quantitated by

measuring the OD at 600 nm using a spectrophotometer.

5.0.1.15. For the amount of components used in this example, continue diafiltration until

at least 120 liters of permeate has been processed and there is a lack of significant

15 precipitate in the Empigen Precipitin Test (Maximum OD 600nm is less than
0.05).

5.0.1.16. After dialysis is complete concentrate the product to a final volume to get an

OD,,, value close t0 6.0. Drain the system and wash with 300-400ml of “TNS”

20 buffer. Drain the system again and combine both pools. Clean the cartridge by
recirculating large amounts of WFI followed by 0.5N NaOH at 50°C for >60

minutes. Rinse out the NaOH with WFI and store the system in 0.01N NaOH.

5.0.2. STERILE FILTRATION

5.0.2.17. The complexes may, if desired, be sterile filtered. Proteosome concentration can
be adjusted before or after 0.224 filtering. Sterile filtration is normally performed
with filter units from Millipore Corp. These units are called Millipaks and they
come in various sizes. The filtered bulk is stored at 4°C until the fill operation
30 and is tested for sterility.

5.0.3.0 SPECIFIC PURPOSE: Combine bulk GMP preparations of meningococcal outer

10



This exanple is detailed for production of proteosone-P. shigell oides
vacci ne 30 cont ai ni ng approximately 2-3 grans of protein. The

- procedure s equally applrcable tor scale-up using 10-1000 fold nore
material with appropriate scal e-up of housing size of the nenbrane
cartridge and appropriate increases in the volunes. Using the 7 \D

97/ 10844 WO 97710844 PCPCUAH36/158050 2
appropriate size nmenbranes with appropriate size nol ecul ar weight cutoffs

to retain the anti geganehnl r&QimJ S5 640 j r i . i
applicabl e for conpl exi ng o? pr ot éosorremgg?*c})&o'?l’{er %};‘?‘?% iorﬁ geb%%qef?né’dmn
| i popol ysacchari des, covajenticomplexes ibytaemoval pf deteegentes, | i posacchari des,

pol ysacchari des, gangli osides or transnenbrane, 5 envel ope or
native or toxoided proteins to each other or to neningococcal outer

menbr ane pr ot £08.pr cAPPRICATIONS: (Thist GMP Peccedirdreg®d iBRhé productisie bf a0RIlk
used as Sn exanple in thi s%tgfocedure' the procedure applies equal Ig to any

di al yzabPe det er gent PreR&ath fommatiqn of nop:cavalent Gormplexes of proteosomescwit, 3 oflargerd
A G technol ogy cartr pgleigspotykiécharide fof Uscihd ¥ vackitelapsiad!se flekriri 2 ifeckibfNd
cartridge type 10 bép ultrafiltration/diafi Ftratigﬁ*system 5.'8. 0.1
PRELI M NARY OPERATION 5.0.0.1. Sterile filter a stock solution of 30%
Enpi gen BB, which is the detergent usei ' ' S process. 15 5.0.0. 2.
Prepare 2X TEEN /2% Enpigen (0.1M Tris, 0. di sodi um EDTA, 0.3 M

10 Noncovalent complexing of bulk Neisseria meningitidis strain 9162 purified outer

membrane proteins (proteosomes) and alkaline detoxified N. meningitidis 1.8
lipooligosaccharide purified from strain 8532.

5.1.0 Bulk 9162 outer membrane protein (proteosomes), lot 0136 and bulk

15 detoxified meningococcal L8 Lipooligosaccharide (LOS) lot 0203 were taken from
storage and thawed at room temperature. A volume (182 ml) of the bulk LOS
containing 500 mg LOS in sterile distilled water was combined with a volume (306
ml) of bulk proteosomes containing 400 mg of protein in buffer containing 0.05 M
Tris-HCl, 0.15 M NaCl, 0.01 M EDTA, and 0.1% Empigen BB.

5.1.2 Empigen BB (30% solution) was sterile filtered through a 0.22 um pore
size filter and 1/60™ volume added to the combined proteosomes, LOS solution
and stirred at room temperature for 1 hour.

25 5.1.3 The detergent buffer solution was removed from the proteosomes, LOS
solution and replaced with sterile distilled water by ultrafiltration using an A/G
Technology uitrafiltration cartridge UFP-3-C-6 with a 3000 molecular weight cut
off pore size. .

30 5.1.4 The procedure for set up, sanitization, washing, washing, and cleaning of
the apparatus was the same as described in example 1. Inlet pressure was 15 + 4
PSI and the permeate flow rate was 175 ml per minute.

11



sodi um chl ori de, W and 2% Enpi gen, pH 8.0) 5.0.0.3. Prepare 150 L of a
TNS (Tris Normal Saline) solution containing 0.05M Tris, 20 0.
15M sodium chl oride pH 8.0 for the purpose of dialyzing out the detergent.
5.0.0.4. Prepare 10 liters of Sodium Hydroxide for UF cartridge cleaning.
5.0.0.5. Thyw gds€0ui red anount of Shigella flexneri 2a pcrwsesnsonz

Li popol ysaccharide (LPS). 25 5.0.1. COVPLEXI NG PROTECSOVES WTH S. fl exneri
2a LPS 5.0.1.6. Add an equal volune of 2X TEEN buffer to the volunme of LPS
and m x wel |. 3b1.5 The permegte wapitestedaafier eachsditae4 lirersifes ke prosenpe: pk

pr ot eosones, i rExHPi Qié&&gehf’ p?EE?HE -'B‘H’E@E 5 WO
97/ 10844 gén BB b“ﬁ hiof? meltio deftEiHE i /5538?15002
5.0.1.8. To t healrafiltraticnowasscontinubdiiil no precipitate |was fobtained dnl thertpst plus amer
liter. Mx well d ine yith t PS fromstep 5. .5.0.1.9. Mx both
conponents wel |a_d3%33§| 5 &:‘W&@Oﬁeﬁ of ipermes a?@s collected-i 1 bar s

conbi nat§on is adequate. 5.0.1.10. To dialyze the detergent out so that

pr ot eosone conp es.could form_set up an ultrafiltratio ystem (hased on
tangential fl ové-fgcﬁﬁﬁlr?}@‘}”}md??ﬁ%% ?W'\HF @FW&P‘P“@H@@' | HTA PTE8%R nal
mol ecul ar vei ghfinerakaléd fohlphbreinnd $.0Y %A stdred 8s £ Bk Toduct at 4°C.

manuf actured by A/ G Technology, Inc. connected to sterilized silicone
tubing and a peristaltic punp. Sanitary pressure gauges are placed on the

inlet and outl e 7 The bulk product was diluted to a concentration of 0.2 mg of protein per ml
10 and the concentration of NaCl adjusted to 0.15 M. Thimerasol at 0.01% was
added as a preservative, and the resulting bulk was dispensed under sterile
conditions into final container vials, labelled and stored at -70°C.

5.1.8 This product was tested in mice for immunogenicity when given as a saline

15 solution and adsorbed to aluminum hydroxide gel as adjuvant. The results are
given in the Table 1 below and show that the vaccine complexes were '
immunogenic when given i.p. in mice.

Table 1. Bactericidal antibody response of mice to. meningococcal outer

20 membrane protein-detoxified lipooligosaccharide vaccine, geometric mean
reciprocal titers against meningococcal strain 9162
‘Vaccine Dose Adjuvant Day 0 Day 238 Day 42
proteosomes- 1 pg None <8 <8 16
dLOS
25 Lot 0271
3ug None <8 <8 128
10 ug  None <8 <8 512
proteosomes- 1pg Al(OH), <8 <8 512
30 dLOS
Lot 0271
3 ug Al(OH), <8 <8 512

12



side of the cartridge to nonitor pressure throughout the run. A back
pressyre valve is placed on the outlet side of the cartridge to as to

adi oSt pvack pressure. 15 5.0. 1. 11. The ultrafiltration systemis

cl eaned and sanitized with WFI and 0.5N NaOH at a tenperature of 50[err]C
for a tine greater than 60 mnutes. This systemis flushed with WI and
equi |l i brat ed™RYHO8S buffer prior to use. 5.0.1.12. A st erBGTEUPELIPZ o) v
vessel is placed in line so that the inlet liquid is pulled from 20

the vessel and the return ngtgnt atagom), Ur nedkgo the sage reservoi rygels

i quid passes through the cartridge nefbrane (perneate or filtrate) it is
repl eni shed by ' —ehH et '

—NS—Bt-Fer—etrthet—by—eieet—tttit-ofi—et—by—a—e-oRt-tftets—+eet—
system Set up OR} . m n ' silicone _tubing to a
vessel contai nilﬁ%éTNé%%? Eﬁgg%w%ggéﬁ% rf]glf%tgtgr?‘épstqg air
tight. @theli%‘ggggremved by 25 filtration fromthe
sanpl e reser voi ™ hFH'?‘s created causing "TNS" buffer to be pulled from

the its vessel into the sanple reservoir. |If the systemremains air tight
the sanple level it the reservoir remains constant. 5.0.1.13. Start the
recircul ation punp to begin diafiltration. Adjust the punp speed and the 30
back pressure valve to obtain a back pressure of 15 4 psi. 5.0.1.14. Verify

progrestl ve renbld The complexing ofghe proteosnmes gng & Ofcwascvesified by columen 9 VO
97/ 10844 chromat 6/ 15002

every 10-15 liters ug%mr%hyt%fem%ﬁgpolwggn 5raepgi1|él)§ PRReST b‘ﬁ?lr{gﬁes ?consi sts of
maki ng serial diomplexings(Figure S Ghromatogeaphiccanalysia of bukkdneningoobesal b8 LOS

containing a kme final proteosomes/LOS complexes on Sephacryl S300 low pressure

column. The column was run in 0.05 M Tris-HCI, 0.01 M EDTA, 0.15 M NaCl

15 buffer. The assay for protein was by absorbance at 280 nm, and the assay for
LOS was by inhibition of an ELISA (enzyme linked immunosorbant assay) in
which an L8 monoclonal antibody binding to purified L8 LOS adsorbed to the -
plastic plate was inhibited by serial dilutions of the fractions off the Sephacryl
column. Before complexing, the LOS came off the column in a broad peak

20 centered at fraction 39. After complexing, the LOS co-eluted with the
proteosomes in a peak approximately centered at fraction 33.

5.1.10  SPECIFIC PURPOSE: Combine bulk GMP preparations of
meningococcal outer membrane protein proteosomes and detoxified
25 meningococcal lipopolysaccharide into non-covalent complexes by
removal of detergent.

5.1.11  APPLICATIONS: This GMP procedure results in the production of a

bulk preparation formation of non-covalent complexes of proteosomes

30 with detoxified mcningococcﬂ lipopolysaccharide for use as a vaccine
against N. meningitides (meningococcal) infection.
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.

guantity of enpigen BB, adding HCl to acidify the solutions and then addi ng
serial. dilutions of SDS (sodi um dodecyl sulfate) to forma
checkerboard-type 5 assay. Maximum precipitate will form when
equi val ent anounts of enpigen and SDS are present. In this manner, the

amount of enpy@ooBdscsent can be quantitated by noting the sittusos@épopf t he
SDS, the perneates and of the standards at which the maximum precipitate is

formed. As the diafiltration progresses, the anount of enpigen becones |ess
and the tube containing | ess SDS wi || ECAMRPLE 3he 10 with the
maxi mum preci pitate. The presence of precipitate is quantitated by
measuring the OD at 600 nm using a spectrophotoneter. 5.0.1.15. For the
anount of conpoFlisexampie:is alse ditected dx thepreductiom of prowoshmd-Pl shigdlloides unt i | at

i ani 1 cant 15 vedthe. e FRBRelyd 38 B dBHRAHE TG el g gk o st
( Maxi nmun§ OD 60Qmnatesial WlﬂBﬂ)ptdpﬁateOchE)up df Housing! §ize 6f the imestibidnié Caftridge ﬁﬂmf” ete
concentrate the product, to a fi volume to get an OD[err] val ue close to

6.0. Drain the BAE RGOS I t"ﬂl‘%& 400m of "TNS' 20
buffer. Drain the system again and conbi ne both pools. C ean the cartridge

by recircul atln% arge amounts_of Wl _followed by 0. 5N NaOH at 50[err] C for
>60 ni nut es a1 Preparagian of 2 ml; SierilrKiltered Empigea BB, (30% Selution)n 0. 01N

o SteriLe i1 Itarad UF 600 bl AhigEde sttt Bl e SR O e e or e or

be sterile filtered. Proteosone efore or
af ter 01Q2[ er r | mémbrang filter. toStegils fikerfabbuﬂitmbnfEmpngm BBI B0%pseiution)red Wit h

core. 1 n var  ouss S Azepars A0° pf FEEN J R 2% bludiedh B Gonsiiad of B Tl
fill operation 0.02 M disodium EDTA, 0.3 M sodium chloride, WFI and 2% solution of

empigen BB).

5.8.3 Prepare a 10 L solution of "TNS" fifteen times to total 150 liters: TNS

15 consists of 0.15 M sodium chloride, 0.05 M Tris Buffer pH 8.0 + 0.2
5.8.4 Prepare 10 liters of 0.5 N Sodium Hydroxide
5.8.6 If necessary, thaw bulk P. shigelloides lipopolysaccharide (LPS) to prepare
for complexing with proteosomes and record the lot number, and concentration of
the LPS, the required amount of LPS in mg and the calculated volume of LPS to

20 remove. :

5.9.0 COMPLEXING PROTEOSOMES with P. shigelloides LPS

5.9.1 PREPARATION OF LPS FOR COMPLEXING

5.9.1.2 Pool the aliquots of bulk LPS into a clean, sterile, calibrated 5 L bottle.
Measure the total volume and determine the total amount of LPS.

25 5.9.1.3 Add a volume of 2x TEEN buffer equal to the volume of LPS used in step
5.9.1.2, measure combined total volume, and then add a stir bar and mix with stir
bar and stir plate combination for 15 + 2 minutes.

5.9.2 PREPARATION OF PROTEOSOMES FOR COMPLEXING
5.9.2.1 Record the total time, if any, proteosomes was allowed to thaw.

30 5.9.2.2 Pool the aliquots of bulk proteosomes into a clean, sterile, 1 L graduated
cylinder. Measure the total volume and determine the total amount of

proteosomes.

14



30 and is tested for sterility. 5.0.3.0 SPECI FI C PURPCSE:
Conbi ne bul k GWP preparations of neningococcal outer 10 WO 97/ 10844

PCT/ US96/ 15002 nenbrane protein proteosones and S. flexneri 2a

| i popol ysacchari de into non- coval ent conpl exes by renoval of detergent.
5.0.3.1 APPLI CATI ONS: This GWP procedure results in the production of a
bul k 5 WO 97/10844, epar ati on fornation of non-coval ent c&fBUEMASHS;
proteosonmes with S. flexneri 2a |ipopol ysaccharide for use as a vacci ne

against S. flex&grg | inA&t i 0.5 I%Qﬁ cpppl exi ng
of bul k Nei sseriﬁg 2%%??#‘:“?%@8%?5%%%2226&%?? teodanc()’Eﬁt‘l{‘(;r6ﬂ¥rrt3g raen'epgfotei ns
(prot eosones) agraduatedgylinderd a tvoluntei af brotcosomes aoptaining she gmount in mg equal to

| i pool i gosacchagy Lo | I t [ Qi 2. 5.1.0 Bul k 9162 outer

menbr ane pr ot e?ﬁh?%gyeosg?reig&u%%@ %@3%921&;% bul k 15 detoxified

meni ngococcal L3912.4Jolthe cplindeheontaising theProteasomie®, ORKIdvE:22 utfiltessd 30% m st or age
and thawed at room tegperature.., A volune (182 nm) of 4the. bulk LOS

cont ai nihg 500 W‘E‘Eﬂs@ﬁ%‘?éﬁ%@%ﬂ?ﬂf&@m %é“‘i’bh‘b‘gﬁé&f@ﬂwa}%m une
(306 m) of bul ¢ Pifil@sones contai ning 400 ng of protein in buffer
containing 0.05 M Tris-HC ., 0.15 M NaCl, 0.01 M EDTA, and 0. 1% Enpi gen BB.

20 5.1.2 Enpi geh93COMBING PROTEQSQMESWITH THE R SFEHGELLOIDES 1PS 22

[errImpore  59.3.1 Under gentle stirring with a stir bar, add the proteosomes from step
5.9.3.2 to the graduated 5 L bottle with the LPS and stir for 15 + 2 minutes.
10 5.9.3.3 Remove four 1 ml samples and store at -75°C for later measurement of
the concentration of protein by the Lowry method and LPS by KDO assay.
5.9.4 REMOVAL OF DETERGENT BY ULTRAFILTRATION /
DIAFILTRATION
5.9.4.1 Ultrafiltration System Details System: A/G Technology, Inc. hollow fiber
15 cartridge, 10,000 NMWC pore size, housing size 6, ultrafiltration cartridge
Note:It is necessary to condition new cartridges to flush out glycerol. This can be
done by flushing 6 liters of WFI through the 6 sq/ft cartridges or less with no
back pressure. The permeate solution should not be recycled to the feed reservoir.
Note:All ultrafiltration steps will be followed by cleaning, sanitization, and storage
20 steps. New cartridges have to be cleaned and sanitized prior to use.
5.9.4.2 Set-up and sanitize the A/G ultrafiltration system. Clean and sanitize the
system by recirculating for a minimum of 60 minutes with 2-3 liters of 0.5 N
Sodium Hydroxide at an initial temperature of 50 + 5°C. Flush the system with
4-5 liters of WFI followed by recirculating 2-3 liters of "TNS" (0.05 M
25 Tris/normal saline buffer pH 8.0 + 0.2, for at least 20 4 5 minutes.
5.9.4.3 Measure the hold up volume in the UF system (including tubing) by
transferring inlet and outlet lines filled with liquid out of the reservoir and into a 1
liter graduated cylinder, then pump until the UF system is empty.
5.9.4.4 Place a 2 liter side-armed vessel in a pan and pack the vessel with wet ice
30 for the duration of the diafiltration procedure.
5.9.4.5 Transfer 1.7-1.9 L of the bulk proteosome-LPS mixture from step 5.9.3.3
into the 2 L side-armed vessel. Place a two-holed stopper fitted with two 10 ml

15



size filter and 1/60[err] volune added to the conbi ned proteosones, LOS
soluti.on and stirred at roomtenperature for 1 hour. 25 5.1.3 The
detergent buffer solution was renoved fromthe proteosones, LOS solution
and replaced with sterile distilled water by ultrafiltration using an A/IG

Technol ogy ul {yp3hhsgdsd ation cartridge UFP-3-C-6 with a 3000 petesdshssozei ght
cut off pore size. 30 5.1.4 The procedure for set up, sanitization,

washi ng, washing, and cleaning of the apparatus was the sanme as_descri bed

in exanpl e 1 Ipipettes m@@ml W‘W‘ andooutlettubing fram therdigfiltratione was
175 m per L*gﬁimé& 844

PCT/ US96/ 15002 ﬂ?e per tate was tested after each 3 to 4 liters for
t he presence ofSs. Emmmmmmmphﬁqﬁmmpumsmmn@ Adipsser i bed
in exanple 1. e ultrafiltration S tinued u r

obt ai ned in thy;?@?k‘ W %ﬁ |PFEEYE O ?kkt%t st ?Cg%n&?alfz?s of
]pelrrreatgs Wﬁs C(dtbm:iradmeﬁafﬂ (Ilj:GOIheurcwdmgtthéhomap wlee and was sterile
iltered throu 0,22 pore, si efllt ass r eln and LGOS and
stored as a bul 9-8r7oﬁwfg‘a iZlPelri] %&Sgp &Bgé(i ted to
a concentratior;,eg&lg,dzngat B PLY. n per ' 10 and the concentration
of NaC adjusted to 0.15 M Thinerasol at 0.01% was added as a

preservative, anS4t&hContinye ransferringag imatep §i%% <90 gonceRtEating as in step
5.9.4.9 until all the proteosome-LPS mixture from step 5.9.3.3 has been

10 transferred to the 2 L side-armed vessel and the retentate volume is 1.4 + 0.2 L
which includes the hold-up volume
5.9.4.10 Set up the ultrafiltration apparatus for continuous feed of TNS (0.05 M
Tris, normal saline) into the 2 liter side-armed vessel as liquid is removed through
the membrane. Set up a reservoir using a 10 liter bottle containing TNS and fitted

15 with a tube extending to the bottom of the bottle. Connect the inlet and outlet lines
from the ultrafiltration system. Turn on the recirculation pump and adjust the
pump setting to 4-6. Adjust the back pressure clamp to obtain an inlet pressure of
15 + 4 psi.
5.9.4.11 Measure the permeate flow rate on the UF unit and record the inlet

20 pressure when the measurement is taken.
5.9.4.12 Collect a 15 to 20 ml sample of the permeate every 12 + 0.5 liters
processed, apply an in-house label ("Permeate No. P1, P2, P3 etc.") and record
the time, volume processed and maximum O.D. 4, of the sample. Verify
progressive removal of empigen by testing the samples for the presence of

25 Empigen BB using the Empigen Precipitin Test. This test consists of making
serial dilutions of the permeate, and, separately, of a solution containing 2 known
quantity of empigen BB, adding HCI to acidify the solutions and then adding serial
dilutions of SDS (sodium dodecyl sulfate) to form a checkerboard-type assay.
Maximum precipitate will form when equivalent amounts of empigen and SDS are

30 present. In this manner, the amount of empigen present can be quantitated by
noting the dilutions of the permeates and the SDS in which the precipitate is
formed and comparing those dilutions to those of the standards. As the
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conditions into final container vials, |abelled and stored at -70[err]C.
5.1.8.-This product was tested in mce for i nmunogenicity when given as a
sartne 1o solutron and adsorbed to al um num hydroxi de gel as
adjuvant. The results are given in the Table 1 bel ow and show that the
vacci ne conpl exes were inmrmnogeni c when given i.p. in mce. _Table 1.

Bact eri ci dal @784y response of mice to meni ngococcal out RET/5g96/15002
menbrane protein-detoxified |ipooligosaccharide vacci ne, geonetric nmean

reci procal titeg W (oYaToler=1 | b%&(ﬁge ' Dose
Adj uvant Da?i%ﬁl yr@g of @%‘ 4 prgz{g%gdg?reﬁgmbel [err]g

None <®ntaining less SD8avill be the tube withthe thiagigwms precipitate. [ The ppcsence3
[err]g None rrlg None
<8 %Pmm‘“‘eéq“‘“‘%i‘ﬁdw&%g‘%ﬁé?w? j"?’?“&‘%%(oﬂerr]
<8 <8spectrophotometer. 512 30 dLOS Lot 0271 3 [err]g

Al (OH) [ & <8 <8 512 12 WO 97/ 10844

PCT/ US967 15002 10 [err]g Al (OH)[err] <8 64

2048 For the amounts of components used in this example, continue diafiltration until at

least 120 liters of permeate has been processed and there is a lack of significant
precipitate in the Empigen precipitin test (Maximum OD 600 nm less than 0.05).
5.9.4.13 Concentrate the product to a final retentate volume of 500 + 50 ml

10 including the hold-up volume (step 9.4.3). Remove a 0.5 ml sample, dilute the
sample 1:10, and measure the 0.D.,q,.
5.9.4.14 The desired minimum O.D. of the concentrated retentate is 5.7. If the
0.D. is less than 5.7, continue concentrating to 400 + 50 ml including the hold-
up volume (step 5.9.4.3) and repeat the O.D. .

15 5.9.4.15 With the retentate lines out of the retentate solution and the filtrate outlet
lines closed, slowly pump in the reverse direction until the cartridge and li'ne.s are
empty. Transfer the feed line and retentate lines from the retentate bottle to a new
clean vessel with 350 + 50 m! TNS. Reverse the pump and slowly recirculate the
TNS for 2-3 minutes. _

20 5.9.4.16 After recirculating the TNS, stop the pump, drain the system, collect the
retentate wash solution into a clean, sterile, 1 L graduated cylinder and measure
the volume aﬁd the O.D.,q.
5.9.4.17 Combine the original retentate solution (step 5.9.4.12 or 5.9.4.13) with
the wash retentate solution (step 5.9.4.15) and measure the final volume of

25 retentate. Store the retentate bulk at 4°C + 2°C until aseptic filtration.
5.9.4.18 Clean the filtration unit using WFI, followed by 0.5 N sodium hydroxide
at an initial 50 4+ 5°C for a minimum of 60 minutes. Rinse the cleaning agent out
with of WFI then flush with 3-4 liters of 0.1 N NaOH as the storage agent.

30 5.9.5 STERILE FILTRATION

The complexes may, if desired, be sterile filtered. Obtain the bulk complexed
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Not e: Vaccine was given intraperitoneally at 0 and 28 days to groups of ten
5 X outbred CD-1 mce. 10 5.1.9 The conpl exing of the

prot eosonmes and LOS was verified by colum chromat ography of the

prot eosonmes and LOS conponents before and after conplexing (Figure 9).

Chr omat ogr aphy WLT’Si s of bul k neni ngococcal L8 LOS and t '

pr ot eosomes/%’corrp exes on Sephacryl S300 | ow pressure coPﬁrn@m#gzcol um
was run in 0.05 MTris-HCI, 0.01 MEDTA, 0.15 M Nad 15 buffer. The
assay for prot epmtepsomes\and 3PSrdnd inspectifor2he presence off any prenipitaty of cloutlingsswas by

I nhibition of | d..i n t assay) J.n..Wai ch an L8
nonocl onal anti %@W&W?ﬁ%@%@'ﬁ%@&&“ﬁ&¥ﬂﬁ| stic

pl ate was i nhi b0.22 g filsraticar umit inth & sefile) depyrogehated versdli THis s@pfis tdwe Seliac! V!
colum. Before c&r;gkeéi%ﬁ&%the LGS cane off the colum in a broad peak 20
centered at fralt . ter conplexing, the LOS co-eluted with the
prot eosogres in a peak approximately centered at fraction 33. 5.1.10

SPECI FI C PURPGSE; . Conbi ne bul k_GVP preparations of meni ngococcal outer
menbr ane pr ot ei h 9 WECHIGRURROSE:  Gombine-bulk GMP preparations of meningococcal

meni ngococcal | i ' A ; al of
et er gont 5, 1. HEPRERARE Al froedyind i 2” SHisEAS DAY RRatilgl PP Y
production of asopog¢ikinte npmeovalephcdmpliexes by remdvahofdetergeritent conpl exes of

pr ot eosones 30 wi t h detoxified nmeni ngococcal

| i popol ysaccharide for use as a vacci ne agai nst N. neningitides

(meni ngd@occal )5.9:% APPLICATIONS: This GMP procedure results in the production of a bulk
preparation formation of non-covalent complexes of proteosomes with P.

shigelloides 2a lipopolysaccharide for use as a vaccine against Shigella sonnei
infection.

15
5.10 IMMUNOGENICITY STUDIES:
5.10.1 IMMUNOGENICITY OF PROTEOSOME-P. SHIGELLOIDES LPS
VACCINE USING HOLLOW FIBER ULTRAFILTRATION /

20 DIAFILTRATION. -

Figures 1 and 2 demonstrate that three different proteosome-shigella LPS vaccine
preparations made using the hollow fiber (HF) diafiltration technique (HF-1, HF-2
and GMP/HF-3) to remove detergent and facilitate complexing are more effective

25 at the lowest, most stringent dose tested, than preparations made using simple
dialysis tubing (DT). In other words, stronger IgG (Figure 1) and IgA (Figure 2)
immune responses were elicited by vaccines produced using the instant invention
than by the older, less efficient technology. Since stronger immune responses
result in better levels of protection, these data clearly show that the instant

30 invention results in vaccuws that are not only more efficient to make but also more
powerful. Furthermore, the stronger responses are elicited by the vaccine when
administered at the lowest dose (0.1 ug per dose) thereby indicating that less
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EXAMPLE 3 This exanple is also directed to the production of proteosone-P.
siTgertordes vacci ne. The procedure is equally applicable for scal e-up
usi ng 10-1000 fold nore 5 material with appropriate scal e-up of
housi ng size of the nenbrane cartridge and appropriate incr

' he
vol unmes. 5. 8.WOPHH8M ation of 25 nL Sterile-Filtered Enpi geﬁ%’l%
Solution) 5.8.1.1 Use a 100 m Nal gene disposablefilter unit with 0.2

[err] pore siz %@ dn @ad Wohidbe q.ggﬁi;edagl-,@ of
Enpi gen BB (SO%soﬂnﬁt | on%@ EsIggdepare 4 ?ﬁTEEN 2x Wi th 2% Enpi gen BB
(consi sting of theDblder Techaology.0Sinke m@gdommlgbmf nyulivaignt yarcings eeguises de, W

i1t oon Ci mos 1 B, SRTEHE o, 8 oboef S BRI e Mt aff 00 i 100

chloride, 0.05 Mxﬁ'ﬁﬁs&r@ﬁf Brhighty Bd\ﬁma@(ﬂsioﬁedblé’mpur\acdl& tompongntsfthad. 5 N

Sodi um Hydr oxi de 5 If nece sar el |l oi.des

| i popol y2acchar Mg&f E'P’@ tl%w‘ﬂ'r o‘ﬁ%\“ ﬁf%"w&vﬁ?ﬂ’r@s and
record the |ot aa@bwgcmehbnéwmepiecm ?MWmeumvnt of
LPS in ng and the cal cuI ated volume of LPS to 2 renoye

COVPLEXI NG PROTthesbilits o farmulate mpitivalent jagrines having agwide mpchtﬁ@‘a% LPS

PORECEVEEERD NG E ?tlg alfAflagldts 6 LomhdreiaPleveiopthehtof vabilifiesdo Bk @Bl oSt eri | e,
calibrated 5 L bottle.

lyophilize vaccines, we were gratified to discover that lyophilization of the HF

10 vaccine complexes from a water solution, surprisingly resulted in vaccine that
consistently elicited responses that were among the highest at all doses tested.
Thus, higher immunogenicity for anti-LPS IgG (Figure 1) and IgA (Figure 2) was
found when 0.1 ug of vaccine made by the HF technique (with or without
lyophilization) was administered. These data are significant since the scale-up and

15 GMP procedure of the instant invention used the HF technology as indicated in
Figures 1 and 2 by the cross-hatched bar representing GMP/HF-3.

5.10.2 IMMUNOGENICITY STUDIES USING MULTIVALENT VACCINE
As shown in Figure 3, Administration of the proteosome-P. shigelloides LPS (for

20 S. sonnei shigellosis) and the proteosome-S. flexneri 2a vaccines on the same day
or weeks apart results in good immunogenicity to both LPS components: S. sonnei
LPS and S. flexneri 2a LPS.

5.11 ELECTRON MICROGRAPH OF PROTEOSOME-SHIGELLA

25 VACCINE
The association of shigella LPS with proteosomes is clearly and dramatlcally
depicted in the electron micrograph shown in Figure 4. In this Figure, the
proteosome vesicles are studded with radio-opaque black dots. These dots are god
beads linked to secondary antibodies that recognize specific anti-shigella LPS

30 antibodies. Thus, the presence of gold dots indicates the presence of shigella LPS.
Since, as can be seen, the gold dots surround and dot the proteosome vesicles, the
image of proteosome vaccines with LPS non-covalently linked to the proteosomes
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Measure the total volume and determne the total amount of LPS. 25

5.9.1,3 Add a volune of 2x TEEN buffer equal to the volune of LPS used in
step 5.9.1.2, neasure conbined total volume, and then add a stir bar and
mx wth stir bar and stir plate conbination for 15 2 mnutes. 5.9.2
PREPARATI ON Gl BfAfeg&gCSOVES FOR COVPLEXI NG 5. 9. 2.1 Record t hec#ngdoghsobs me, if
any, proteosones was allowed to thaw 30 5.9.2.2 Pool the aliquots of
bul kK proteosones into a clean, sterile, L graduated cylinder. Measure the

total volune and Mtyrmﬁ@ﬂmwwn&mﬂ%\Mbrﬂw mmvesmar natpge
97/ 10844

eﬁﬁy 15002
5.9.2.3 Fromth‘t’af cylln'é“=s I'n sfeﬁh%ﬂg 3 Eloﬁan er o anot ‘Lgc ean,
sterile, 1L grﬁdthhehﬂ:;lD’hpeparaaomaismgﬂhobMprmhmmmememmdhg t he

anount in ng e tothe ann f L used in step 5.9.1.2. 5.9.2.4 To
the cylinder coHt<EoRi ngﬁm’ﬁﬁ%ﬁé?“ﬁidd 0.22 [err] filtered 30%5

enpi gen $B usi ng 30 m enpigen per L proteosones. Mx with a stir bar for
15 2 mnutes. COMVBI NE PROTEOSOM . LPS
5.9.3.1 Under oOAF| PROTERSAMES SEIGATLOIDES LES yAGCHE PRIBICES 1o
step 5.9.3.2 tOAGINNSTM mmmsnmrmnmemm ANIANIMAL15 2

m nutes. 10 5.9. 3.3 Renove f.our sanples and store at -75[err] C
for later rreasuMQﬂﬂQﬁsmGELLOSlS

10 As can be seen in Figure 5, the proteosome-P. shigelloides LPS vaccine
consistently confers highly significant protection against lethal infection with P.
shigelloides as measured in an animal model of shigellosis in which the animals
are challenged with live organisms to induce lethal pneumonia. These data also
demonstrate that not only are the correct and protective antibodies produced by the

15 proteosome-P. shigelloides LPS vaccine, but also that this intranasal sub-unit
vaccine can protect against lethal pneumonia.

5.13 INTRANASAL OR ORAL IMMUNIZATION WITH PROTEOSOME-
SHIGELLA flexneri 2a LPS VACCINES INDUCE ANTI-SHIGELLA LPS

20 IgG AND IgA IN SERUM AND IgA IN INTESTINAL AND LUNG LAVAGE
FLUIDS THAT CAN LAST 30-60 DAYS POST-IMMUNIZATION.

As shown in Figure 6, two immunizations with proteosome-shigella flexneri 2a
LPS vaccines induce antibodies in sera and in lung and intestinal secretions that

25 can last 30 to 60 days post immunization. These data show that proteosome
vaccines can stimulate the common mucosal immune system to secrete speciﬁc
antibodies even at locations far away from the immunizing site. Specifically,
intranasal immunization can induce antibodies in intestinal secretions and vice
versa. This ability expands the potential utility of proteosome vaccines to protect

30 against pathogens that invade the host through the mucosal portals of entry
throughout the body.
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the concentration of protein by the Lowmy nethod and LPS by KDO assay.

5.9.4 REMOVAL OF DETERGENT BY ULTRAFILTRATION / DIAFILTRATION 5.9.4. 1
UTtarrrTtiratron SystemDetalls System A/ G Technol ogy, Inc. hollow fiber 15
cartridge, 10,000 NWAXC pore size, housing size 6, ultrafiltration cartridge
Note: It is necessary to condition new cartridges to flush out_ gl ycerol.
This can be dWP7A4| yshing 6 liters of WFl through the 6 SXW i dges
or less with no back pressure. The perneate sol ution should not be recycled

to the feed reseroi -%ml:\lqt ' i § RSy o Wi | owed by
cl eani ng, sani t?iigi 5 , ar?go‘g% E”Fggié&%“fw“@g%?@ﬁémg@?ﬁi es have to
be cl eaned and peripheral dbioodr ASC responses;. and seruth, 3alBary apd wrimhry 3gA and #G he A/ G
ultrafiltration swstem Cl ean.and, sani,tize .t.he sysi.em recikcul ating for
B i i mum of - 60 STRRGY GEsPRREn AgStinpritel or el gk afed b b ottt pif
initial tenperalonéer oo Géses proteosomé-P. [shigellvides LPS\watcinesviot Shigella Sormeir s of
WFI follqQwed by reciggulating 2-3 liters of "TNS" .05 M25 _ .
Tris/norral sal USBE qtg}tvm;&%q ﬂn°‘B‘BZA?BlP°“3{"?'E¥€§(“?ZBm“B"‘TH%ﬁh§§°d 5.9.4.3
Measure the hol qe lint ¥ Bodend ﬁm%d”ﬁ?hﬂitﬂ&etihﬂﬁcﬂ?)re%mesin

o)

transferring inlet and outlet lines filled with I'iquid out t he reservoir

and into a 1 |i@Hsixgyelentest®d cylinder, then punp until the UF systemis

vebsai wi th vet WAGHSHuR 16M Snb Mol kot BR324 i) Pack 136 iR obA"
procedure. 5. 9. 4ngdditiomstrong antibody Secreting cell ASCHresponsest were dnduced Bidiriatiogir e
from steg 5.9. 3. iRl BimBuibacktn BB it RS of &hBESy okl Mo dumdhoPPer

fitted wth two
notably, IgA-secreting cells. Most importantly, IgA responses were also found in

salivary and, especially, urinary samples indicating that secretory IgA was
. produced at mucosal surfaces (since IgA does not pass through the kidney, the
urinary IgA reflects local secretion of antibody and suggests that such intranasal
15 vaccines also produce local intestinal IgA and that intranasal vaccines could be
used to protect against urinary tract infections caused by gram negative
organisms.) It is noteworthy that the majority of these ASC and antibody
responses were found after only one immunization suggesting that booster
immunization may not be necessary. IgA and IgG ASCs and urinary IgA were
20 also found after oral immunization. The most effective use of oral administration
may be as a booster immunization after nasal priming, if necessary.

5.15 Demonstration of non-covalent complexing of the multimolecular proteosome
proteins and LPS is shown in Figure 8. The graph shows LPS in HPLC fractions

25 after applying uncomplexed P. shigelioides LPS which occurs at a different part of
the column elution profile than when applying the proteosome-LPS vaccine. The
co-elution of LPS and proteins in HPLC fractions after applying proteosome-P.
shigelloides 1.PS vaccine is shown with peaks that correspond to the largest protein
aggregates of proteosomes. The data were measured using an inhibition ELISA to

30 quantitate the LPS and using the OD at A280 to quantitate the proteosome
proteins. The HPLC column was a Tosohaas G50000PwxI and the molecular
weight standards are indicated by the arrows.
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pi pett.es on the vessel and connect the 'lr““"”mglul"l!"ﬁdm ubing fromthe
diafiltration systemto the vessel pipettes.c 5.9.4.6sTufn on the

recircul ation punp and adj ust the punp setting to 4-6. Adjust the back
pressure cl ariobfgaddt ain an inlet pressure of 15 4 psi. CopeRiposadosr L0 5
a total volune of 1.0 0.1 L including the hold-up volunme 5.9.4.7 Transfer
1 0.1 L of mxture fromstep 5.9.3.3 to the 2 L side-arned vessel and
repeat step 5. Klaim®: 5 9.4.8 Continue transferring as in step 5.9.4.7 and

concentrating ' : i 3 - mxt.ure from
step 5.9.3.3 h?z: %glé%u%go;m% Mﬁ%ﬁéfﬁﬁ%ﬁ?fﬁé@ﬁﬁﬁﬁgﬁgﬁgﬁﬁ%sel and
the retentate wompmsings 1.4 0.2 L which includes the hold-up vol une

5.9.4.10 Set u

p.the .ultrafjltrati on apparatus.for continpous feed of TNS
(0.05 M Tris, &Fﬁ%‘"&&'ﬁ“ﬁ‘é‘f‘?ﬁ?’&gﬁﬂé‘?‘g% @ngi‘{f?!%"&e@l%é%‘r@a%ﬂ i qui d
I s renovied t hr cléegimidast, venbrane. Set up a reservoir using a 10 liter bottle
containing TNS . and fifted 15 .W.th a tube extending to the bottom of
the bottle. Stbjesting ‘gﬁ%’m‘&ﬁ& da\%monlqrmf#%mtﬂéewwas Aetesgset on

system Turn onRy b habhipkili® d&Pmaiisht-Bed e setting to 4-6.
4rBBY foPhairig"d/hiphipHll PrOEomE CEmPIKT

Adj ust the back pressure clanp to obtain an inlet pressure of 15 4 psi.
5.9.4.11 Measurs monitoring the:amount of amphiphilitdetermingnt-proteosemeicomplex d t he i nl et

20 press%ﬂ?mgn e nmeasurenment is taken. 5.9.4.12 Collect a 15 to
20 M sanple of the péra{r'rd]eate every 12 0.5 liters
10 d) recovering the amphiphilic determinant-proteosome complex.

2. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein the ultrafiltration involves tangential flow.

3. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein the ultrafiltration is conducted in a system selected

15 from hollow fiber cartridge, platform membrane and membrane cartridge.

4. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 3 wherein the ultrafiltration system is a hollow fiber cartridge
with a NMWC pore size of 10,000.

5. A process for the preparation of proteosome-amphiphilic determinant vaccine

20 according to claim 3 wherein the ultrafiltration system is a hollow fiber cartridge
with a NMWC pore size of 3,000.

6. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein the monitoring of dialyzable detergent involves the
continual measuring of permeate samples.

25 7. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein monitoring -includes measuring the optical density of
permeate or retentate sample. _

8. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein the monitoring involves measuring the amount of

30 detergent removal by mixing a permeate sample with a known amount of SDS
(sodium dodecyl Sulfate) to form a precipitate if detergent is present, and
determining the amount of precipitation.
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processed, apply an in-house |abel ("Per P3 etc.") and
recorg the tinme, volune processed and magmlﬂmﬂ“mm”ﬁﬂh _the sanple.
Ver1Ty progressive renoval of enpigen by ®esting tthessafples for the
presence of 25 Enpi gen BB using the Enpigen Precipitin Test. This
test consists of nmaking serial dilutions of the perneate, and, separately,
of a sol uti onWOM¥i ng a known quantity of enpi gen BB, add’qﬁ’sfl%s“'fzo
acidify the solutions and then adding serial dilutions of SDS (sodium

dodecyl sul fat srhesd: ' | pitate
will form Men@éqé%\%grﬁogé%%@a&e%l ge%%m%w%&%esem )
I n this manner, accomdingwoldimd wherpinghe LBS gpeetedsoma rcompley is recovered: svhesy theot | ng

the dilutions of the petneates and the SDS.in which the precipitate is
formed and conp ﬁ‘?’ﬁﬁ“‘t'ﬂb‘?el"m Fﬁ‘n‘?"?(ﬁﬁfﬁl&é& T§M0¥He standards. As the 16

WO 97/ 10844 10. A process for the preparation of proteosome-amphiphilic determifai 4o8iaé 15002
diafilt rgt I on progresses, .,the anobunt of enpigen becaones | ess and the tube

cont ai nifg | ess3ceprimg to claim & whereinfhe detergentis EmpigemBB.nrecipitate. The
presence of pregj DA pdeBss' for tiétépatation bf (hyotbdseme amipliphitie delerfinaRO¢hcEie USi Ng
a spectrophotoneter. 5 For the anounts Of conponents used in this exanple,
continue di af i | accendingrto plaim| 1 whereiacthe amphiphific detsrainant ds adipepolysaccharide;
e ot D SR, R0 sl Ao bbbl Lt 001
according to claim 11 wherein the lipopolysaccharide is obtained from a gram
10 negative bacteria. _
13. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 12 wherein the gram negative bacteria is a plesiomonas.
14. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 13 wherein the plesiomonas is Plesiomonas shigelloides.
15 15. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 12 wherein the gram negative bacteria is a shigella.
16. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 15 wherein the shigella is Shigella flexneri, Shigella sonnei, or
Shigella boydii.
20 17. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 12 wherein the gram negative bacteria is a neisseria.
18. A process for the preparation of proteosome-lipopolysaccharide vaccine
according to claim 17 wherein the neisseria is Neisseria meningitidis.
19. A process for the preparation of proteosome-amphiphilic determinant vaccine
25 according to claim 1 wherein the proteosome is derived from N. meningiditis or N.
gonorrhea.
20. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 wherein the recovery of the LPS-proteosome complex is
effected when the monitored rate of detergent removal is decreasing or constant.
30 21. A process for the preparation of proteosome-amphiphilic determinant vaccine
according to claim 1 further comprising
¢) mixing the recovered proteosome-amphiphilic determinant complex with a
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5.9.4.13 Concentrate the product to a final ret t 500 50 m
10 - I ncl udi ng the hol d-up volune (step 9. Em I.ll“alk m sanpl e,
dilute the sanple 1:10, and neasure the OD.[err 4STh’e desired
mni mum O. D. of the concentrated retentate is 5.7. t OD. is less than
5.7, continuguseiegat rating to 400 50 nl incl udi ng he holpt-r,l;ggs,ygbyrre
(step 5.9.4.3) and repeat the OD.[err]. 15 5.9.4.15 Wth the

retentate |ines out o.f t he retentate solution and the filtrate outlet |ines
cl osed, sl ow y physiplogicaliynaccepsable casriclt tocformarvacsing.! t he cartridge and |ines

ot 1o 1o a novrePurinegs K85Re phebfrilif of EpieghotlSomn il BeMmimRtn Yis g

slowmy reci rcuIa&wthmMﬂchmpﬁs@co&&uaMgm&mi&sdﬁé er

reC|rcuIat|ngtheT stop the p , n the system collect the
retentate wash SSBPIRKEIRT "?\F%‘“ée‘% g% Eﬁ"rle 1L graduat ed cylinder and

measur e & he volmmm&ssll&t& ﬁbnoﬁ 8&t6mfihdr vAdine

retentate solution_(step, 5 2 or 5 13) the wash retentate
sol ution (step 3¢ %I%fhﬁﬂazﬁ@’&&!ﬂ e(CgRcepiration %GP%"Q)*O pdesired final

retentate. Stolgpdediffatidii €ntate bulk at 4[err]C 2[err]C until aseptic |
filtration. 5.9.4.18 ean the filtration unit using WFl, followed by 0.5 N
sodi um hydr oxi @4- & pracess for the preperatioy efpmome-anMMdeMt vaceirees .

oG 10 e i eVl e Vi B ©
conpl exds nay, determiimants eyhes lie formes series Of proteosoine-anphiphilic detesmihdat conpl exed
e complexes that are assembled in step e) to form a multivalent vaccine.

25. A multivalent vaccine prepared by the process of claim 24.

26. A process for protecting against a disease comprising administering the

vaccine of claim 25 in an effective amount to a recipient.

15 27. A process for protecting against a disease comprising administering the
vaccine prepared according to the process of claim 21 to a recipient.
28. A multivalent vaccine prepared by the process of claim 21.
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PCT/ US96/ 15002 prot eosones and LPS ‘and inspect for the presence of any
precrpirtate or croudi ness. It the bulk conpl exed product is clear,
aseptically filter it using a MIlipak 40, 0.22 [err] filtration unit into
a sterile, depyrogenated vessel. This step is to be done in a Sterile
Cabinet. 5 5.9.6 SPECI FI C PURPCSE: Conbi ne bul k GWP prepar agﬁ)’pgxﬁém

meni ngococcalwWoavB4nenbr ane protein proteosones and P. shi

| i popol ysacchari de (for S. sonnei) int§ h@-coval ent conpl exes by renoval

of detergent. 5.9.7 APPLI CATIONS: This GW procedure results in

t he productl%. r}_lﬁi# ?repar ation formati on of non-coval ent conpl exes of
pr ot eosones {(H i ge |'oi des 2a | i popol ysaccharide for use as a vaccine
agai nst Shigella sonnei infection. 15 5.10 | MMUNOGENI CI TY STUDI ES: 5.10.1

| MMUNOGENI CI TY OF PROTECSOME- P. SHI GELLO DES LPS VACCI NE USI NG HOLLOW FI BER

EhrTEQFLjIL]TEQrT'eON '1 uno eni #J % paratiohs of tREPro

hol I.ow fi ber %—4#‘? 6’% IFF 5{'% | a ﬂﬁp@ﬁﬁ?@@ﬂ @f!’/
det ltﬁ'ﬁl

'[ﬁgn?/gwegt ?r?mst st ri ngentContaining 1041.0y ox:0.b iig-ef Brotain made usi ng sinple
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Vaccine Preparations
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GMP - Good Manufacturing Procedures




dial ysis tubing (DT). In other words, stronger 1gG (Figure 1) and I|IgA
(Figure 2) immune responses were elicited by vaccines produced using the

i ASTant 1tnvention than by the older, less efficient technology. Since
stronger i mmune responses result in better |evels of protection, these data
clearly show that the instant 30 i nvention results in vaccines that

are not only nore efficient to nake but al so nore powerful. %h re,
repsiag
WO

t he stronger We%1/@®¥¥4ecs are elicited by the vacci ne when adrf at the
| owest dose (0.1 ug per dose) thereby 2nfii&ating that |ess 18

97/ 10844 PCT/ US96/ 15002
vacci ne woul d#*bk6 wdddedisi ng the instant invention than woul d be required
usi ng the ol der technology. Since in the fornulation of nultival ent

vacci nes requires many different antigens, in order to mnimze the total
anount of vaccine admnistered, it is highly advantageous to be able to use

vacci ne_conponerfrfinitiégdnicity of Several Prepavstions bp tire Protessonibus, t he

t echnol ogy o I&%WWW%WPS é&ﬁﬁi&ﬁtﬂ%' ég&? &‘JLW¥ | | ow
R A Frei it e Ty il o L1 o

X
1
advant ageous for conmer ci !) §1’Q"G“be able to
| yophilize vaccines, we were gratified to discover that |yophilization of
the HF 10 vacci ne conpl exes froma water solution, surprisingly
~resulted in vaccine that consistent| y—gied esponses that were anong

. the hi ghest i QMT , SBigh T#A | nicity faor anti-1PS
119G (Figure #0’ jI|lgA (Figure 2) was

10,000 -

A

1,000 e | ' 7 1 ‘ -

CoX X
"X ‘ .

TR
XX

$

100 -

()
¢)

‘V ‘V
XK

Geometric Mean Titer (ELISA)
2

.9

LX)

y .. i A

DT-1 DT.1 DT-2 HF-1 HF-2 HF-2L DT-1 DT-2 HF-1 HF-2 HF-2L GMP/«t€-3
10ug 1.0 ug 0.1 pg

10~

Vaccine Preparations

DT-1 & DT-2 - Dialysis Tubing

HF-1 & HF-2 - Hollow Fiber Cartridge

HF-2L - Hollow Fiber Cartridge and Lyophilized
GMP - Good Manufacturing Procedures




found when 0.1 ug of vaccine nmade by the HF technique (with or w thout

| yophi l i zati on) was adm ni stered. These data are significant since. the
scateup—and— 15 GQVP procedure of the instant invention used the HF
technology as indicated in Figures 1 and 2 by the cross-hatched bar
representing GW/ HF-3. 5.10.2 | MMUNOGENI CI TY STUDI ES USI NG MULTI VALENT
VACCI NE As shown in Figure 3, Adninistration of the proteosone-P,

shi gel | oi deswaRBripssar 20 S. sonnei shigellosis) and RGTA/S96/15002

prot eosone-S. flexneri 2a vaccines on tg ne day or weeks apart results

i n good i mmunogenicity to both LPS conp d@ S. sonnei LPS and S.

flexneri 2a LPS. 5.11 ELECTRCN M CROGRAPH CF PROTEQSOME- SHI GELLA 25
VACCI NE The a5500|?é1 f éhigella LPS with proteosones is clearly and
dramatically deplc “the*el ectron m crograph shown in Figure 4. In this
Figure, the proteosone vesicles are studded with radi o- opaque bl ack dots.
These dots are god beads |linked to secondary anti bodi es that recognize
specific anti-shigella LPS 30 anti bodi es. Thus, the presence of gold
dots indicates the presence of shigella LPS. Since, as can be seen, the
gold dots surround and dot the proteosone vesicles, the inmage of proteosone

vaccines wth L%ﬁ&é”s&%ﬁﬂg@ﬁéﬁs'ﬁdﬁ%é ﬁ\tﬁéﬁ‘isﬂflﬂ{nﬁﬁﬁﬁﬂﬁénm he\\O

97/ 10844 . /15002 is
t hereby confir n'er eﬁ i g’ijh’ f’é’e'?"sgafmpes Sin'rultan[eﬁgs nd[solrS%D ? vesi cul ar
nat ur e mmi ono Vaccin s o net and exner

anti-S. sonnei LPS D anti-S. flexneri2a LPS

1000000

100000

10000

1000

100

GMT and Standard Error

10

T — {
Schedule 1 Schedule 2 Schedule 3 Schedule 4

Schedule 1 consisted of five mice intranasally immunized on days O and 21 with the
proteosome-S. sonnei LPS vaccine (10 micrograms each of proteosomes and LPS). Mice were
bled four weeks after the last immunization.

Schedule 2 consisted of five mice intranasally immunized on days 0 and 21 wth the
proteosome-S. flexneri 2a LPS vaccine {10 micrograms each of protecsomes and LPS). Mice
were bled four weeks after the last immunization.

Schedute 3 consisted ol five mice intranasally immunized on days 0 and 2t with the
proteosome-S. sonnei LPS vaccine (10 micrograms each of proleosomes and LPS) and the
proteosome-S. flaxneri 2a LPS vaccine (10 micrograms each of proteosomes and LPS). Mice
were bled four weeks after the last immunization.

Schedule 4 consisted of four mice inlcanasally immunized on days 0 and 21 with the
proteosome-S. sonnei LPS vaccine {10 micrograms each of proteosomes and LPS) and then
on days 43 and 70 with the S. flexmeri 2a LPS vaccine (10 micrograms each of proteosomes
and LPS). Mice were bled four weeks alter the last S. flexneri 2a immunization.



of the vaccines nmade with the HF technol ogy of the instant invention was
not found when the DT preparations using the ol der technol o wer e exam ned
by el ectron mcroscopy (unpublished results). 5 5.12 PROIEOSOVE- P.

SHI GELLA DES LPS VACCI NE PROTECTS AGAI NST LETHAL SHI GELLA SONNEI PNEUMONI A
I N AN ANl MVAL MODEL OF SHI GELLGCSI S 10 As can be seen in Figure 5, the
pr ot eosone-P. shigel |l oi des LPS vaccine consistently confers highl

signi fi cant MW@¥E8440n against |ethal infection with P. shi%’&ﬁé&z as
measured in an ani mal nodel of shigellosis in which the aninmals are
challenged wth Iive organisns to i nduc&) gt hal pneunoni a. These data al so

denonstrate that not only are the corre nd protective antibodies
produced by the 15 pr ot eosone- P. shigel | oi des LPS vacci ne, but al so

that this intrangsglegsub- gpit vgccine, ¢ rotect against |ethal pneunoni a.
5.13, | NTRANASAL OF GRAL |§ﬁ%ﬁfﬂf @:E}ggrﬁ e Hotde 188 Yagcips oxner | 2a
LPS VACCI NES | NDUCE ANTI - Sk . s mitrograph {}E > RUM AND

| gA I N | NTESTI NAL AND LUN(}id_ilAA/&GEadﬁbUaEﬁoﬁ;'l& x_:ti% in mi% 31054

POST- | MVUNI ZATI ON. - As  showsiristshigelplLRS. Gis cin/bee bedhthd 12 ik Q1B 1yWWsdoBiated with

pr ot eosome-shi gel | a f| exntheiprtepsprimyesigessi nes i nduce anti bodies in sera and
I n | ung aneemmeesd-nala, : : : 20 .

| ocati ons
i muni zati



versa. This ability expands the potential utility of proteosone vaccines to
protect 30 agai nst _pat hogens_that jnvade the host through the
micosal portals of entry throughout the body. 20 WO 97/ 10844

PCT/ US96/ 15002 5. 14 Figure 7 shows the induction of anti-shigella LPS IgA

| gG and |1 gM peri pheral blood ASC responses, and serum salivary and urinary
| gA and 1 gG anti body responses after intranasal or oral i | ' of
human vqunté@?g”“P¥% one or two doses proteosone-P. shiggﬁﬁg#gééhﬁ@%

vacci nes for Shigella sonnei 5 us$gpégifferent vacci ne amounts. As
shown, intranasal immnization elicited spbnses in a dose dependent
fashion with the hi ghest dose inducing responses in all six volunteers.

I gA, 1gG and | gM serum responses were elicited in each of the intranasal
groups. In addition, strong anti body secreting cell ASC responses were

I nduced i ndi cating 10 t hat nucosal i rmunization stinul ated
trafficking of antibody secreting cells - nost notably, |gA-secreting
cells. Mst inportantly, |gA responses were also found in salivary and,
especi al | y Fignredar y Suniyal Eyryes of Mieq Immunizad with PeatenspmedA shigel/ipides L88d at
mucosal surfaces (sWacsind Gdmpared tomSslineckreatett Contyol Mike ki dney, the urinary

| gA reflects |l ocal secretion of antibody and suggests that such intranasal
15 vacci nes al so produce local intestinal |IgA and that intranasal
vacci nes could be used to protect against urinary tract infections caused

by gram negati yg.anasal Immunization with the Proteosome-Plesiomonas shigelloides
LPS Vaccine Protects Mice Against Shigella sonnei Lethal Pneumonia

100 -
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Vaccine (Expt. 1)

—E—

—8~— Vaccine (Expt.2)
—@— Saline (Expt. 1)
—

Percent survival

Saline (Expt. 2)

01 2 3 45 6 7 8 9 1011 1213 14
Day post-challenge

Groups of outbred mice (14 to 15 per group) were immunized intranasally on weeks
zero and three with the proteosome-P. shigelloides LPS vaccine 10 micrograms each of
proteosomes and LPS per 20 microliters). Control groups were given saline on the same
schedule. All mice were challenged intranasally with five to ten million colony forming
units of S. sonnei on week seven. The mice were observed daily for two weeks after
challege, and mortality resulting form the ensuing pulmonary disease was recorded. As
we have shown previoulsy, 86 to 100% of the control mice die within four days after
challenge. In both experimenfs, 93% of mice immunized with the vaccine survived
challenge (P < 0.001, Fisher's Exact Test).



organisms.) It is noteworthy that the mpjority of these ASC and anti body
responses were found after only one inmunization suggesting that booster

i ANt zat1 on MRy not be necessary. 1gA and 19G ASCs and urinary | gA were 20
al so found after oral inmmunization. The nost effective use of oral

adm ni stration may be as a booster inmmunization after nasal primng, if
necessary. 5.15 Denonstration of non-coval ent conpl exi ng of the

mul ti nol ecul AYO$¥WBMosone proteins and LPS is shown in Fi guRE/dS964$82 gr aph
shows LPS in HPLC fractions 25 6112 gr appl yi ng unconpl exed P.

shi gel | oi des LPS which occurs at a dif nt part of the columm elution
profile than when applying the proteosone-LPS vaccine. The co-el ution of
LPS and proteins in HPLC fractions after applying proteosomne-P.

shi gel | oi des LPS vaccine is shown with peaks that correspond to the |argest
protei n aggregates of prot eosones. The data were neasured using an

i nhibition_ELIS to3 quantitate the LPS and using the OD at A280
to quantit Egure ?ﬁ‘%? H@m"mnmefemtm igelirdsB$aas
G50000Pwx| and th¥='fﬁb'rfé Pa'f" ARLRE Agtibodies; Sepna dg b gnd I8G as r ows.

21 dains: 1. K"b?%&‘lé%%’“?‘cﬁ“ “‘fﬁ\'ﬂﬂ&‘f\at i on of proteosone-anphiphilic
determ nant vaccine conprising a) formng a m xture of proteosone, a

di al yzabl e det er gg8AE 6f ORAIPROTEOSOME-SHIGELLAYES VACEANES in MICE
Anti-Shigella Antibodies in Sera, Intestines & Lung 10, 30 & 60 days post 2 Inmunizations

r~ SR N\

2




b) subjecting the mxture to diafiltration or ultrafiltration to renove the
detergent thereby form ng a anphi philic determ nant-proteosone conplex, c)
mpnitor1 ng the anount of anphi philic determ nant-proteosonme conpl ex
formation, and 10 d) recovering the anphiphilic

det er m nant - pr ot eosone conplex. 2. A process for the preparation of

pr ot eosone- anphi philic determ nant vaccine according to claim1 wherein the
ultrafiltrati WOSHsves tangential flow, & A process for PEEUSPEINA2¢ti on
of proteosone-anphiphilic determ u% .according to claim1 wherein
the ultrafiltration is conducted in a system Sel ected 15 from hol | ow
fiber cartri dgkntisSHigéla sonmei LPS inmame Resprorses of Holunterys Immunizesd withss f or
t he preparation of ot e - a | kb I 'Q?F@in ?&CS kng to
cl aim 3 wher ei ﬁ%’%ﬂaﬁﬁﬁ?@ﬁ?f%g%ﬂ%%o OWX [ be";@%‘gg{@{%e with
a NVC PO fSmaSmatnmd 000 A RLOCE VRS W - V- P-N- -

pr ot eosomg- anphi phi | ijc ABEséAntihodyit| v a&Fold insreaws in ELISA Aptihodiet)i ng t Respndersin3
wherein tBe ultrafil thr aecreinggaisp ) | S a (vel APos Imnindizationy t 1 i dge ABClok ELISA
pore sizefof Rofife0- _.( quﬁﬁ).f Dr tg_g.“ar epaf agalifdkyO Y Urinary] Antibody Assays

pr ot eosong- b1 | ifcrdet gL Nt | ACCIdee RMEPI Ndeb @ fadi 1 dec) iR gy €
moni tori n@.of dialyzable delergentiinyalie bbConilofal el g 0f
permeate §anples. 250 9 2. Aldrbckss ®or fhp Prepdrgti®dn §f__Lo-1mg

pr ot eosony- anphi phi | ifc 48et ePni naht] Vaccihe &&cprfling2td dBai gAICwher ei6ff
nmoni toring i Metanees deaburi Ag t 68 ppPPicat -ddAs] t§ of 2pér mbat ¢SEEM; ot eMBat
sanmple. 8] A pt®gess ffod th@ prepafation’ of Brpt dosodedanphi pitlivery: 356
det er mi najt vacci ne 4cé®r di t%"c :ifoﬁsm ]%‘I‘Whés e n9ot he4 niégor i H&“ﬁ"ﬁ;\!ol ol

\174

neasuri ng flt-he-amountfof43__ 36 __47_Jj 105 _11___3_J 10 __134 0 | Total:  6/6
Responders**:|! 4/6 4/6 5/6 || 6/6 S/6 4/6 § 3/6 2!6-1 5/6
1 2 3 3 <2 2 <2 <2 i.0. 0.4 mg
0 0 7 <2 <2 2 <2 <2 <2 ASC: 5/6
Intranasal 2 1 7 <2 5 3 2 4 <2 S¢rum: 4/6
0.4 mg 18 6 57 7 6 <2 <2 3 6 Salivary: 16
3 0 1 <2 <2 6 <2 <2 <2 Urinary: 216
.............. 24 __ 8 __ 30 8 4 4 <24 2 <24 5 __} Toa: 56
Responders**:]l 2/6 4/6 46 § 26 36 16 06 1/6 216
6 9 2 <2 16 i.n. 0.1 mg
0 0 11 3 <2 ASC: 3/6
Intranasal 0 0 1 <2 <2 Serum: 2/6
0.1 mg 20 18 42 5 3 Salivary:
2 O - 0 <2 <2 Urinary:
e 0V B2 <2 k. Total:  3/6
Responders**:}} 2/6 2/6 2/6 16 1/6
0 0 3 <2 <2 3 <2 <2 p-0. 2 mg
47 34 3 2 <2 <2 <2 7 ASC: 3/6
Oral 0 0 4 <2 <2 <2 <2 4 Serum: 0/6
2 mg 7 7 2 |2 <« <2 <« <2 [Balivarys  0/6
3 0 3 <2 <2 3 <2 3 Urinary: 2/6
o523l 2 2be 1. 2_ | Tota: i
Responders**:|| 2/6 3/6 0/6 j 0/6 0/6 0/6 || 0/6 2/6
5 2 0 ... po.05Smg |
0 2 3 ASC: 3/6
n Oral 5 1 3 Serum:
0.5 mg 2 0 3 Salivary:
11 1 3 Urinary:
om0 0 O N . Total: 6/6
Responders**:l| 1/ 26 0/6

* ASC and serum ELISA values = peak responses after 1 or 2 immunizations (most values were after only | immunization)
** ASC Responders with = or > 6, 2 or 5 ASCs per 10° PBL for IgA, IgG and IgM, repectively

(these values are 2 cells > mean no. whole cells + 3 S.D. of pre-immunization values of 30 volunteers)
** Responders with = or > 4-fold increases in serum ELISA antibody levels post-immunization compared to pre-immunization




30

detergent renoval by m xing a perneate sanple with a known anount
of SDS (sodi um dodecyl sulfate) to forma precipitate if detergent is
and-getermni ng Lt e anount of precipitation. 22 WO 97/ 10844

present,

PCT/ US96/ 15002 9. A process for the preparation of proteosone-anphiphilic
det erm nant vaccine according to claim8 wherein the LPS-proteosone conpl ex

I s recovered when the detergent

I n the perneate has been essentiall

renoved. 10. WOPRWMB4Es for the preparation of proteosone- anﬁﬁF’Hﬁ?‘(‘F{M

det er m nant
Enpi gen BB.
det er m nant
det er m nant

vaccine 5

according t8 £IQ

im1 wherein the detergent

S

11. A process for the preparation of proteosone-anphiphilic
vacci ne according to claim1 wherein the anphiphilic

12. A process for the preparation of
prot eosone- | i popol ysacchari de vacgFwes eR& digng to claim 11 wherein the

| i popol ysaccharide is obtained froma gram 10
A process for the preparation of proteosone-|ipopolysaccharide vaccine

is a |lipopol ysacchari de.

negati ve bacteria. 13.

according to claim 12 whergps jhiHPIIC Fiadthai aftér App
14. A process for the yctipRikbaGMP R'sHigerdidss |LAD

S0

a is a plesiononas.
p2szcharide vaccine

according to claim 13 wherein the plesigggnas is Plesionpnas shigelloides.

15

vacci ne accordi ng t@

shi gel | a.

15. A process pepy i R HPLCOPraatioRs e
M%ﬁa'iiﬁf"wﬁwﬁfbm APV

ingPopol ysacchari de
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16. A process for the preparation of proteosone-|ipopolysaccharide vaccine
according to claim 15 wherein the shigella js Shigella flexneri, Shigella
SOMME,—or_Shi gella boydii. 20 17. A process for the preparation of
pr ot eosone- | i popol ysacchari de vacci ne according to claim 12 wherein the
gram negati ve bacteria is a neisseria. 18. A process for the preparation of

pr ot eosone- | i popol ysacchari de vacci ne according to claim1 ispozt he
neiseriais WOAMMEa neningitidis. 19. A process for the preparation of
pr ot eosone- anphi philic determ nant vac@ de825 according to claim1l

wherein the proteosone is derived fromN neningiditis or N. gonorrhea. 20.
A process for the preparation of prot epspgemhiﬁ'bi | ic determ nant vacci ne
accor di-rg—te etai ym I—wherei-—the-recovery of tIe - LPS-pProtE0SONE CToMpHex—i s
effected '(eﬂ The montrtored rate or_adetergent_renoval 1s decreasing o
constant. 21. A process fo ration of

pr ot eosone-fagphi phili c determ nant vacci ne according to cl ai ek furthg
conprising le){ m xing the recovered proteosone-anphiphilic detlerm nant

-

conpl ex witlh Ja 23 -24- physiologically acceptable carrier |[to form g
vaccine. 24.71 A process for the prepar osone- anfphi phi | i g

det er m nantj{ facci ne according to cl ai i si 1€¥ncentrgting
the LPS-prdgeosone

~
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conplex prior to recovery of the conpl ex. A process for the
preparation of prot eotmmmu)m lﬂ determ nant vacci ne accordi ng to
cFaim 22 wher®ein the ICOI’]'[I nued to"

concentration. 24. A pr'bce‘ss " of the pr epar G 2 2 i!q]

pr ot eosome- anphi phi l'i c det erm nant vacci ne ac ai 1 wherei n
the process is performed with different 164. anphi philic

determ nants types to forma series of proteosone-anphiphilic determ nant

conpl exes thab\f%(? gﬁﬁpre%%ptagﬁmtg}h&,pa(,wcmea mul tival ent vaccine. 25.

A mul tival ent by the process of claim24. 26. A process
for protecti nQZagalAnptocessd'osﬁmqmepmatmmqf iprejeasdmerdnaphiphilin determainagt vaccine

vaccine of claim25 in an ef f ect v nmount 1o a reC| rocess
for protecting agaidfeardingdpe c@ﬁg‘?‘l%‘sﬁ’@rﬁoﬂw ‘P%&“ﬁ‘%s \?Fﬂ,‘f:‘?sﬁ
prepared according | t"?ﬁ’wﬁ?’mﬁg%" d}'ltﬁ’é&]nzﬂleio a recipient. 28. A

vacci ne prepared by ocess of Claim 21." 29. A process for the
prepar atipn of23pr otA proess fortie ptbpdratibmhﬁpmt&osmﬁ ~ampliiphilie d2@rminant vaccine

according to claim1l wherein_ste f R‘ arried out [for lesa 2{2 72, hours.
30. A process foraceprdingtesiainy2where %F%Bwl%ﬁﬁ?ﬂfﬂqe o adesired nant

vacci ne according t rein step b) is carried out at a
t enperature bet men@@?{:@ﬁ%@ﬂﬁiﬂlﬁ

24. A process for the preparation of proteosome-amphiphilic determinant vaccine

according to claim 21 wherein the process is performed with different
10 amphiphilic determinants types to form a series of proteosome-amphiphilic
determinant complexes that are assembled in step €) to form a multivalent
vaccine.
25. A multivalent vaccine prepared by the process of claim 24.
26. A process for protecting against a disease comprising administrating the
15 vaccine of claim 25 in an effective amount to a recipient.
27. A process for protecting against a disease comprising administering the
vaccine prepared according to the process of claim 21 to a recipient.

28. A vaccine prepared by the process of claim 21.

29. A process for the preparation of proteosome-amphiphilic determinant vaccine
20 according to claim 1 wherein step b) is carried out for less than 72 hours.
30. A process for.the preparation of proteosome amphiphilic determinant vaccine

according to claim 1 wherein step b) is carried out at a temperature between 0
to 40°C.

REPLACEME NT SHEET

11MAR199ﬂ

—




KE

¥ ND Cover.
' LETTER

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Burcau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6

AG1K 39/385, 39/116, 39/02, 39/095,
CO07K 100, A23J 1400, C12N 100

Al

(11) International Publication Number:

(43) International Publication Date:

v WO 97710844
27 March 1997 (27.03.97)

(21) International Application Number:  \/ PCT/US96/15002

(22) International Filing Date: 18 September ?96 {18.09.96)
30) Data: /
60/003,859 18 September 1995 (18.09.95) v US

(71) Applicant (for all designated States except US): UNITED
/ STATES ARMY MEDICAL RESEARCH MATERIEL
COMMAND (USAMRMC) [US/US}; MCMR-JA - John F.

Moran, Ft. Detrick, Frederick, MD 21702-5012 (US). /

(71)(72) Applicant and Inventor: LOWELL, George, H. [US/US});
6303 Western Run Drive, Baltimore, MD 21215 (US).

{72) Inventors; and :
(75) Inventors/Applicents (for US only): ZOLLINGER, Wendell,
. [US/US); 14400 Morton Hall Road, Silver Spring, MD
20906 (US). WOOD, James, F. [US/US); 18223 Smoke
House Court, Germantown, MD 20874 (US).

(74) Agents:
Cushman, Intellectual Property Group, Pillsbury Madison

& Sutro, 1100 New York Avenue, N.W., Washington, DC

20005 (US).

KOKULIS, Paul, N. et al; Cushman Darby &

(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
CA, CH, CN, CU, DK, EE, ES, Fl, GB

g
R

LU, MC, NL, PT, SE), OAPI pateat (
CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search repori.

9802247-3

(54) Title: TIMPROVED METHODS FOR THE PRODUCTION OF N(y-COVALENTLY COMPLEXED AND MULTIVALENT

PROTEOSOME SUB-UNIT VACCINES
(57) Abstract

A method for preparing multivalent proteosome-amphiphilic determinant vaccines suitable for parenteral or mucosal administration
using diafiltration or ultrafiltration technology. The amphiphilic determinants include lipopolysaccharides from gram negative bacteria, ¢.g.
S. flexneri, P. shigelloides and S. sonnei. Proteosomes are obtained from group B type 2b meningococci. The active proteosome-amphiphilic
determinant complexes (non-covalently complexes) of the vaccine are formed using diafiltration or ultrafiltration to remove the detergent.
The use of diafiltration or ultrafiltration decreases processing time and the opportunity for contamination and further permits the use of
ambient temperature and efficient scale-up. In addition, the process permits the reliable and continuous monitoring of the dialysate which

enhances the efficiency of the entire

. ‘The time of dialysis for production of a lot of vaccine is reduced from > 7-10 days to less

than 72 hours and usually less than 48 or 24 hours. The use of the process optimizes the presence of each antigenic component in the

preparation of multivalent vaccines.




