
VACCINE COl\'IPOSITIONS HAVING IMPROVED STABILITY AND 
ThThflJNOGENICITY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[001] This application incorporates the disclosures of U.S. Provisional Application Serial Nos. 

62/213,947 filed September 3, 2015; 62/255,786 filed November 16, 2015, 62/309,216 filed 

Ivlarch 16, 2016, and 62/350,973 filed June 16,2016 in their entirety for all purposes. 

DESCRIPTION Ol? THE TEXT .FILE SUBMITTED ELECTRONICALLY 

[002] The contents of the text file submitted electronically herewith are incorporated herein by 

reference in their entirety: A computer readable format copy of the Sequence Listing (filename: 

NOVV._060_03US_SeqList_.ST25.txt, date recorded: September 6,2016; file size: 91 kilobytes). 

TECHNICAL FIELD 

The present disclosure is generally related to nanoparticles useful for stimulating immune 

responses. The nanopartic1es provide antigens, for example, glycoprotein antigens, associated 

with a detergent core and are typically produced using recombinant approaches. The 

nanoparticles have improved stability and enhanced epitope presentation. The disclosure also 

provides compositions containing the nanopartic1es, methods for producing them, and methods 

of stimulating immune responses. 

BACKGROUND 

[003] Infectious diseases remain a problem throughout the world. While progress has been 

made on developing vaccines against some pathogens, many remain a threat to human health. 

Most notoriously .illV, for which a vaccine remains elusive. Attempts have been made to 

produce vaccines to certain pathogens but have resulted in failure that caused additional 

pathology. Other pathogens also remain a problem, including Ebola, which sporadically arises 

as epidemics-particularly in Mrica-and gives rise to loss of life and global economic impact. 

Influenza virus is yet another virus for which existing vaccine provide some protection but 

technical challenges in producing the virus mean that seasonal influenza vaccines may provide 

inadequate protection. 
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[004] Deploying an effective vaccine relies on a combination of achievements. The vaccine 

must stimulate an effective immune response that reduces infection or disease by a sufficient 

amount to be beneficial. A vaccine must also be sufficiently stable to be used in challenging 

environments where refrigeration may not be available. 

[005] Therefore, there is continuing interest in producing vaccines against viruses that present 

public health issues throughout the globe and there remains an ongoing need to produce effective 

vaccines vv1.th good stability. 

SUMMARY OF THE :INVENTION 

1006] The present disclosure provides nanoparticles suitable for inducing immune responses 

against pathogens. The nanoparticles offer improved stability, as well as effective 

immunogenicity. In particular aspects, the pathogen is a virus and, typically, the antigen used to 

produce a viral nanoparticle is a viral glycoprotein. 

[007] In one aspect, the disclosure provides nanoparticles containing viral proteins that have 

enhanced stability. In some embodiments, the disclosure comprises a vaccine composition 

comprising a nanopartic1e comprising a nonionic detergent, a viral glycoprotein, and a 

phamlaceutical buffer. In typical embodiments, the non ionic detergent may be selected from the 

group consisting of PS20, PS40, PS60, PS65, and PS80. In some embodiments, the composition 

does not comprise any free nonionic detergent. One or more glycoprotein antigen molecules 

surround a detergent core, which contains the nonionic detergent, and this provides a 

nanopartic1e structure that promotes immunogenicity and inhibits degradation of the antigen. 

[008] In some embodiments, antigen is sele<-"ted t!:'om the group consisting of an RSV F protein, 

an influenza HA protein, an int1uenza NA protein, and combinations thereof. Other antigens 

may be used, including Ebola. Typically, the antigen is a glycoprotein. 

l009] Optionally, the RSV F protein is a trimeric RSV F protein. The RSV F protein induces 

the production of neutralizing antibodies. In further embodiments, the neutralizing antibodies 

recognize the RSV F protein in a post-fusion state and/or a pre-fusion state. In a further aspect, 

each PS80 particle may comprise between 4 and 7 RSV F proteins. 

[010] In some embodiments, an RSV F composition may comprise sodium phosphate at a 

concentration of between 15 mM and 25 mM; NaCl at a concentration of between 125 mM and 

175 mM; histidine between 0.25% and 2% w/v; and the composition pH is between 5.8 and 7.2. 
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[011] In some embodiments, an HA or NA influenza composition may compnse sodium 

phosphate at a concentration of between 15 n1..1\1 and 25 mM; NaCl at a concentration of between 

125 mM: and 300 mwf; histidine between 0.25% and 2~'o w/v; and the composition pH is above 

pH6.8 and typicalIy below about pH 8.0. 

[012J In some embodiments, the composition comprises an adjuvant. In further embodiments, 

the adjuvant is alum or Martrix MTM. In some embodiments, the composition does not comprise 

an adjuvant. 

[013] In some embodiments, a method of preventing infection comprises a.dministering one or 

more doses of the vaccine composition. In some embodiments of the method, a single dose of the 

composition is administered and induces a protective immune response. In some embodiments of 

the method, each dose consists of between about 100 Ilg and about 150 Ilg of the protein antigen. 

In further embodiments of the method, the one or more doses are administered subcutaneously. 

In some embodiments of the method, the composition comprises an adjuvant. In a further 

embodiment of the method, the adjuvant is alum. In some embodiments of the method, the 

composition is free of adjuvants. 

[014] In some embodiments of the method, one or more doses of the composition are 

administered to an adult. In further embodiments of the method, the adult is a female, and the 

female may be pregnant. In further embodiments of the method, the adult is over the age of 65 or 

over 60. In some embodiments of the method, one or more doses of the composition are 

administered to a child. In further embodiments of the method, the child is a neonate or an infant. 

[015] For RSV vaccine, in some embodiments, a composition comprises a heterologous 

population of at least three RSV F nanoparticle types, wherein each nanoparticle comprises at 

least one RSV F protein trimer surrounding a detergent-containing core that comprises PS80, and 

wherein the first RSV F nanopartic1e type comprises anisotropic rods, wherein the second RSV F 

nanoparticle type comprises spherical oligomers, and wherein the third RSV F nanoparticle type 

comprises intermediates of anisotropic rods and spherical oligomers. 

[016:1 In some embodiments, a method of manufacturing an RSV F protein nanopartic1e 

comprises preparing an RSV F protein extract from a host cell using a first detergent and 

exchanging the first detergent for a second detergent, wherein the second detergent is PS80, and 

whereby the nanopartic1e exhibits enhanced stability. In a further embodiment of the method, the 

first detergent is NP-9. In some embodiments of the method, the enhanced stability is selected 
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from protease resistance, oxidative stress resistance, themlal stress resistance, and resistance to 

agitation. In some embodiments of the method, the molar ratio of PS80: RSV F protein is about 

35 to about 65. 

[017] In some embodiments, an RSV F nanopartic1e comprises one or more RSV F protein 

trimers associated with a PS80 detergent core. The RSV F nanopartic1e, the nanoparticle has an 

average diameter of about 20 nm to about 60 nm as measured by dynamic light scattering. In 

some embodiments of the RSV F nanoparticle, each RSV F protein trimer contains an RSV F 

protein selected from the group consisting of RSV F proteins having a deletion of 1 to 10 amino 

acids corresponding to residues 137-146 of SEQ ID NO:2. In some embodiments of the RSV F 

nanopartic1e, each RSV F protein trimer contains an RSV F protein selected from the group 

consisting of RSV F proteins having a deletion of 1 to 10 amino acids conesponding to residues 

137-146 of SEQ ID NO:2 and an inactivated primary fusion cleavage site. 

[01S] In some embodiments of the RSV F nanopartic1e, the RSV F protein comprises a deletion 

often amino acids conesponding to residues 137-146 or SEQ ID NO:2, and inactivation of the 

primary furin cleavage site by mutation of arginine residues at positions 133, 135, and 136 to 

glutamine. In further embodiments of the RSV F nanoparticle, the RSV F protein comprises or 

consists of SEQ ID NO: 19, v.mch is the rnature peptide. In certain embodiments of the RSV F 

nanopartic1e, the RSV F protein comprises or consists of SEQ ID NO:8. Vaccine formulations 

containing RSV F nanoparticles c.omprise substantially of the l1lature peptide with some fulI­

length peptide (SEQ ID NO: 8). Over time, small amount of truncated RSV F peptide may arise 

due to proteolysis. Advantageously, however, the RSV F nanoparticles disclosed herein 

minimize such degradation and provide ex'tended stability. 

[019] This application also discloses enhanced thennostability influenza nanoparticles. Unlike 

prior influenza nanoparticles the methods and compositions provided here exhibit resistance to 

trypsin and enhanced thermostability and thus immunogenicity. 

[020] For Ebola, the Ebola virus nanopartic1es comprise an Ebola virus glycoprotein (GP) 

trimer attached to a non-ionic detergent core as well as vaccine compositions containing the 

nanoparticles, optionally in combination with a Matrix M saponin adjuvant. In addition, the 

disclosure provides for methods of inducing an immune response against Ebola virus in humans 

by administering a composition containing an Ebola virus nanopartic1e and a saponin adjuvant. 

Methods of protecting against Ebola infection are also provided. 

4 



r021] Similarly, nanoparticles containing influenza proteins, either HA, NA or both, are 

provided. HA nanopartic1es showing trypsin-resistance, an indicator of proper folding are 

provided. Methods of protecting against influenza infection using the influenza nanopartic1es in 

vaccine formulations are also provided. 

BRIE}' DESCRIPTION OF THE FIGURES 

[022] Figure lA and IB depict primary protein structures of RSV F proteins, accompanied by 

a polypeptide sequence. Figure lA depicts the primary protein structure of wild-type RSV A2 

strain versus that of a modified RSV F protein. Furin cleavage sites are indicated by triangles. 

Figure IB depicts the amino acid sequence of a modified RSV F protein (SEQ ID NO: 19); with 

the Fl domain in light-shaded text (residues 1-84), the F2 domain in dark-shaded text (residues 

85-539), black lines connecting cysteines that form disulfide bonds, underlined asparagines 

indicate N-linked glyc.(lsylation sites, light-shaded vertical dotted lines indicate a furin cleavage 

site, and dark-shaded vertical dotted lines indicate a major cleavage site. 

[023] Figure 2 depicts the separation peaks of RSV F proteins by reverse phase HPLC, 

wherein four major species are identified and correspond to the 4 major peaks. The peak 

comprising the lowest molecular weight species (~51.2 kDa - -51.3 kDa) is a soluble trimer; the 

neh.i peak comprises a full1ength trimer (-64.5 kDa) lacking fatty acids, and the final two major 

peaks are full length trimers wherein the trimers comprise palmitoleic a.cid (~64.7 kDa) a.nd 

palmitic acid (64.788 kDa), respectively. 

[0241 Figure 3 depicts the separation of RSV F proteins in a reducing SDS-PAGE. The largest 

molecular weight proteins comprise high molecular weight species, followed by variants 

comprising the Fl and F2 domains, then just the Fl domain and variants thereof, followed by 

ju..')t F2 domains. 

[025] Figure 4 depicts a chromatogram output of LC-UV peptide mapping that covers 90% of 

the amino acids comprising the primary protein structure of the RSV F protein. The combined 

sequence coverage, including the early-eluting peptides, was found to be 98%, confirming the 

amino acid sequence of the RSV F protein. 
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r0261 Figure 5 depicts a glycoanalysis of a purified RSV F protein using HPLC combined with 

fluorescence detection (FLD). The major glycan structures detected are fucosylated IVlan3 

glycans. 

[027] Figure 6 features an electron micrograph of RSV F nanopartic1es with RSV F protein 

trimers associated with cores of PS80. The figure further depicts a chara(,'terization of a single 

RSV F protein trimer featuring the orientation of the Fl and F2 domains, antigenic site II which 

is recognized by the Palivizumab antibody, and the C- and N-termini of the FI domains further 

comprising fatty acids such as palmitic and palmitoleic acids. 

[028] Figure 7 depicts Dynamic Light Scattering (DLS) measurements of particle size of RSV 

F nanoparticles. The DLS measurements show that the size of the nanopartic1es is modulated by 

both the available PS80 and the RSV F concentration. An increase in PS80 at a fixed 

concentration of RSV F concentration results in a decrease in the average nanoparticle size (Z­

ave). 

[029] Figure 8 depicts the discn .. >te molecular weight distributions of sample concentration 

versus molecular weight of the nan oparti cies, wherein the concentration of RSV F and the 

percentage ofPS80 is varied. The greatest signal intensity of nanoparticles is achieved with 0.2% 

PS80 and 1 mg/mL RSV F, suggesting greater uniformity of nanoparticles and confirming the 

modulation of particle size as a combination of concentrations of PS80 and RSV. 

(030] :Figure 9A and 9B depicts the shape ofRSV .F nanopartic1e types produced with variable 

PS80 percentages and RSV F concentrations. Figure 9A reveals that a composition using 0.2% 

PS80 and 0.22 mg/mL RSV F produces three primary types, monomericldimeric anisotropic 

rods, spherical oligomers, and intermediates thereof. Figure 9B reveals that a composition using 

0.05% PS80 and 0.22 mg/mL RSV results in a population dominated by monomeric/dimeric 

anisotropic rods, whereas a composition using 0.05% PS80 and 1.0 mg/mL results in a 

population dominated by spherical oligomers. 

[031] Figure 10 depicts the effects of the stressors on particular subsections of the RSV F 

protein in a nanoparticie, as presented in a reduced Lys-C peptide map with relative abundance 

compared to a controL The stressors are 50°C for two weeks, pH 3.7 at 25°C for one week, pH 

10 at 25°C for one week, oxidation of protein by hydrogen peroxide at 25°C for one week, and 

agitation at 25°C for one week. 
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r032I Figure 11 illustrates stability of the antigenic site 2 (palivizumab site) exposed to various 

stress conditions_ The percentages are presented as a relative abundance compared to a control. 

The closer to lOO% or over, the greater the resilience in light of the stress conditions. The data 

illustrate the nanoparticles maintain excellent antigenic site consistency therefore yielding a 

stable immune response. NSELLSLTh1])l\:lPITNDQK/K; SEQ ill N0:20 and LMSNN (SEQ ID 

NO:21) are portions of antigenic site II 

[0331 Figure 12A, 12B, 12C and 12D depict the stability of the RSV F nanopartide 

composition by showing murine immunogenicity after the nanopartic1e compositions were 

exposed to environmental stress. The mice were sampled at day 21 for anti-RSV F IgG, day 35 

for PCA titers, and day 35 for RSV/A neutralizing titers. Figure 12A depicts the results for the -

70°C control. Figure 12B depicts the results a composition exposed to SO°C f()r two weeks. 

Figure 12C depicts the results for a composition exposed to a pH of 10 at 25°C for two weeks. 

Figure UD depicts the results f<)f a composition exposed to O.5'~l(l hydrogen peroxide at 25°C for 

one Vv·eek. 

[034} Figun~ 13 depicts the enhanced protease resistance of nanoparticles having higher PS80. 

Over a period of 18 months, RSV F nanoparticles formulated in the presence of a higher PS80 

percentage (0.03%) exhibited less protease degradation versus RSV F nanoparticles formulated 

in the presence of lower PS80 percentage (0.015%), as evaluated by SDS-PAGE. In addition, 

fewer high molecular weight (HlvlW) structures were observed with higher PS80 amounts. 

1035] Figm'e 14 depicts the comparison of mAbs binding to RSV F nanoparticles versus RSV F 

A strain viral protein, wherein the equilibrium disassociation constant for site 1, II, and IV 

antibodies reveal that mAbs antibody binding at each of the sites is comparable. 

[036] ~'igure 15 depicts the results of competitive binding assays in which antibodies present in 

sera from cotton rats exposed to placebo conditions, RSV/ A infection, fOffilaldehyde inactivated 

RSV, RSV F nanoparticles, and RSV F nanoparticles with alum were compared against one 

another in binding to site I, II, and IV 

[0371 ~'igure 16 illustrates a process flow chart for a method of making nanopartides disclosed 

herein. 

[038] ~'igure 17 illustrates a flow cha11 for a method of making HA nanoparticles disclosed 

herein. Sf9 cells containing baculovirus-expressed HA are grown and then the HA is extracted 

using the non-ionic detergent N'P9. The extract undergoes sequential purification and a detergent 
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exchange step on Lectin affinity column, and is then filtered and fornmlated into a bulk drug 

substance. 

[039} Figures 18A to I8F illustrate steps and results obtained using a method of producing 

influenza nanoparticles using the HA glycoproteins as an example. Figure 18A shows 

sequential purification steps from cell infection, through cell lysis and three cohm111s used to 

provide purified nanoparticles (TMAE (trimethylaminoethyl) followed by lentil lectin, followed 

by a sulfate (S03") cohm111). Figure I8B illustrates a l~hromatogram obtained using a TMAE 

column. Figure 18C illustrates a chromatogram obtained using a lentil lectin column purification 

step. Figure 18D illustrates a chromatogram obtained using a sulfate column purification step. 

Figm'e 18E shows a gel (upper right panel) of the TMAE and LL columns stages. The bottom 

panel shows a western blot of the gel. Lanes are as shO\·vn in the upper left panel. Figure 18F 

shows a gel with eluate from the S03- column. 

[040] Figures 19A to 19J illustrate purity analyses of HA nanoparticles produced using 

different sub-types and in different insect cell lines. Figun~ 19A shows a gel, western blot for 

HA, and gp64 for HA nanoparticles containing AiNew Hampshire!l!2015 HA Figure 19B 

shows a quantification of the HA band, and shows that the HA is 99.1% pure by densitometry. 

Figure 19C shows a gel, western blot for HA, and gp64 for HA nanoparticles containing 

A/Switzerlandl9715293/2013 HA. Figure 19D shows a quantification of the HA band and 

shows that the HA is 94.5% pure by densitometry. Figure 19E shows a gel, western blot for HA 

and gp64 for HA nanopartic1es containing AI Hong Kong/4801/2014 HA. Figure 19F shows a 

quantification of the HA band and shows that the HA is 93.3% pure by densitometry. Figure 

19G shov.'S a gel, western blot for HA, and gp64 for HA nanopruticles containing 

B/Phuket/3073/2013 HA in Sf9 and Sf22a cells. The right hand panel shows a quantification of 

the HA band and shows that the HA is 95.4% pure by densitometry. Figure 19H shows a gel, 

western blot for HA, and gp64 for HA nanopartic1es containing BIBrisbane/60/2008 HA in Sf9 

cells. The right hand panel shows a quantification of the HA band and shows that the HA is 

96.7% pure by densitometry. Figul'e 191 measures HA purity using RP-HPLC. Figure 19J 

summarizes the data for Hi\. nanoparticles using three influenza A sub-types and two influenza B 

sub-types. 

[041] Figure 20 shows HA nanoparticies in electron micrographs. 
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[042] Figures 21A and 2tB shows a comparison of docking of HA trimers onto cryoEM 

structures for HA nanoparticles (Fig. 21A) and for the HA trimers on influenza VLPs c,ontaining 

both HA and NA proteins (Figure 2tB). 

[043] Figure 22 illustrates a study with a combination nanopartic1e composition containing 

RSV F nanoparticles and a representative of HA nanoparticle. 

[044] Figures 23A to 23F illustrate results obtained according to the study in Figure 22. Fig. 

23A shows HAl titer against the homologous strain. Fig 23B shows heterologous HAl titer 

against a heterologous strain. Fig. 23C shows palivizumab competitive antibodies. Fig. 23D 

shows neutralizing antibodies against the RSV A strain. Fig. 23E shows T cell responses against 

RSV F protein. The response obtained with Matrix-adjuvanted nanopartic1es is prominent. Fig. 

23F shows T cell responses against influenza protein. 

[045] Figures 24A-24C illustrate a process and results for obtaining HA nanoparticles that 

have enhanced stability. Notably, the pH range during this purification is in a neutral range of 

pH 7.0 to pH 7.4. Figure 24A shows purification steps from using thawed cells expressing the 

HA protein through to the bulk drug substance (BDS) product. Figure 24B shows a 

chromatogram trace from a representative nanoparticle using the A/New Hampshirel1l2015 

strain. The flow-through from the column is collected, leaving undesirable products behind. 

Figure 24C shows a chromatogram trace for the detergent exchange step on a lentil lectin 

column. The flow-through from this column is discarded as is the wash. Elution is performed 

v,lith 0.01% PS80. The buffers are as follows: AI: 2Sm~"M: sodium phosphate, pH7.2, IS0mM 

NaC!, 0.01 % PS80, A2: 25mM sodium phosphate, pH7.2, 500m1vf NaCl, 0.5% NP9, A3: 25m .. M 

sodium phosphate, pH7.2, lS0m .. "M: NaCl, 0.1% PS80, BI: 25mM sodium phosphate, pH7.2, 

150mM. The HA nanopartic1es are then concentrated and stored in 0.05% PS80 buffer as shown 

in Fig. 24A. 

(046] Figures 25A-25D show results for purification of trypsin-resistant nanoparticles from 

several strains. Figure 25A shows a representative strain for an HIN1 subtype, A/New 

Hampshire/1/2015. Figure 25B shows a representative strain for a B type influenza. 

BIBrisbanel60/08 HA. Figure 25C shows a representative strain for an HINI subtype, AlNew 

Hampshire/1/2015. In each case the data shows high levels of production and excellent purity. 

Figure 25D provides a differential scanning calorimetry (DSC) comparison of the trypsin 

resistant nanopartic1es versus nanoparticles produced using a process that exposes them to low 
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pH, about pH 6.0. The DSC data shows greater thennostability with the neutral pH process 

establishing that the HA protein in the nanoparticle is properly folded. 

[047] Figures 26A-26C show results for enhanced trypsin resistance of trypsin-resistant 

nanopartic1es from several strains expressed in Sf9 cells. Purified HA nanopartic1es made in Sf9 

inse<..i cells are HAO. ''''hen exposed to trypsin HAO is cleaved to HAl and HA2 at Arg AA344 

in HI. Correctly folded HA trimers will resist further cleavage when incubated with increasing 

concentrations of trypsin. Figure 26A shows neutral pH purified B/Brisbanei60/08 is resistant to 

trypsin thus is correctly folded (left panel) whereas acid pH purified BlBrisbane/60/08 HAl is 

trypsin sensitive thus misfolded (right panel). Figure 26B shows that acid purified but not 

neutral-purified HA nanoparticles from AlHong Kong/4801/2014 are mis-folded. Figure 26C 

shows trypsin resistance of neutral pH A/New Hampshirell/2015 (HI N) HA nanoparticles. 

Corresponding acid pH purified nanoparticles were trypsin sensitive (not shown). 

[048] Figure 27 shows trypsin sensitivity of a commercial egg-purified influenza vaccine (left 

panel) and a commercial recombinant influenza (right panel). HAO is cleaved to HAl and HA2 

in the left panel. Properly folded HA 1 is resistant to further trypsin however. In contrast, the 

commercial recombinant vaccine shows that the HAl is degraded by trypsin, indicating mis­

folded protein is present in the vaccine. 

[049J Figures 28A-28C shows induction of antibodies and protection from infection. Mice 

were inununized SC on Days 0, 14, and 28 with 5fig EBOVlMak GP, 51lg EBOV GP adjuvanted 

with 50llg AlP04 or 51lg EBOViMak GP adjuvanted with 5fig Matrix-M. Serum was obtained 

on day 28 and evaluated by ELISA for anti-EBOV/Mak GP IgG (Fig. 28A) or anti-Ebola virus 

neutralizing antibody (Fig. 28B). Black bars represent the group GMT and error bars indicate 

95% confidence intervals of the GMT. On day 42, mice were infected with 1,000 pfu mouse 

adapted Zaire Ebola virus strain 1976 Mayinga. Following challenge, mice were observed daily 

for morbidity and mortality for a period of 21 days. Fig. 28C shows Kaplan-Meier survival 

curve for infected mice. 

[050] Figures 29A-29C show Matrix-M enhanced EBOVIMak GP-specific IgG and IgG 

subclass responses. Mice were immunized 1M on Days ° and 21 with 51lg of EBOV/Mak GP 

alone or combined with either 2.5 or 51lg Matrix-M or 50/ig AIP04. Mice received PBS as 

placebo control. At days 21, 28 and 60 following the first injection, serum samples were 

collected and tested for EBOV/Mak GP-IgG (Fig. 29A), IgGl (Fig. 29B) and IgG2a (Fig. 29C). 
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The results are representative of two separate experiments. Black bars represent the group G~1T 

and error bars indicate 95% confidence intervals ofthe GMT. 

[051] Figures 30A*30D show Ebola nanopartic1es with Matrix-M induced robust CD4t T cell 

and CD8+ T cell responses and multifunctional T cells. Spleen cells were stimulated with 

EbolaJMak GP peptide pools covering the entire GP sequence. Culture medium or PMA 

(SOng/mt) plus ionomycin (200ng/ml) were used as negative and positive controls. IFN-y 

positive spots from day 28 (Fig. 30A) and 60 (Fig. 30B) were counted and analysed with an 

ELISPOT reader and associated sofivl3.re. Background numbers of the medium controls were 

subtracted from the numbers of peptides-stimulated wells and a mean was derived from the 

triplicates. Cells from all five mice in the same group at day 28 were pooled and incubated with 

either medium alone, or GP peptide pools, or PMA plus ionomycin for 6 hours at 37°C with the 

presence of BD Golgi-stop/Golgi-plug. Cells were then harvested and stained for cell surface 

markers and intracellular cytokines. Frequency of cytokines was analysed using Flm.l\30 software 

and Flovvjo Boolean function by gating on live CD3+CD44+CD62-CD4+ effector memory T 

cells or live CD3+CD44+CD62-CD8+ effector memory T cells. (Figs. 30C and 30D)The value 

for single cytokines, double cytokines or triple cytokines represent the sum of the frequency of 

cells expressing anyone of the three cytokines (li"N-y, TNFa and IL-2), any two of the three 

cytokines or all three cytokines. The result is representative of two separate experiments. Black 

bars indicate group means and error bars represent standard deviation. 

[052J Figures 31A-31E show the J\tlatrix-M enhanced Germinal Center (GC) cell response. 

Fresh splenocytes were stained for GC B cells and data was acquired as described in Materials 

and Methods. Data was analysed with Flowjo software. Dead cells were excluded from analysis 

with Invitrogen LIVE/DEAD'TM fixable yellow dye. (Fig. 3 I A), GC cells were deftned as 

CD95';"GL-7+ on B220+ B cell gate and the numbers in the dot-plot of representative mice 

indicate the mean and standard deviation of GC frequency from all five mice in the same group 

at day 28. GC cell frequencies from individual mice are shown for days 28 (Fig. 3IB) and day 60 

(Fig. 31C). The absolute GC cell number per spleen from days 28 (Fig. 31D) and 60 (Fig. 3lE) 

was calculated by multiplying the frequency of GC cells within the total number of splenocytes 

in the spleen. Black bars indicate group means and error bars represent standard deviation. 

[0531 Figures 32A-32E: :£\'fatrix-M enhanced the frequency and absolute number ofTFfI cells in 

the spleen. TFH cells, defmed as CXCR5+PD*1+ T cells within B220"CD49b" CD3+CD4+ T cell 
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gate, were identified in spleens at days 28 and day 60. Representative dot-plot of TFH cell 

analysis from each group is shown (Fig. 32A). The number in the dot-plot is the average 

frequency and standard deviation from day 28. The frequency of TFH cells within the CD4+ T 

cell population from days 28 (Fig. 32B) and 60 (Fig. 32D) is shown. The absolute TFH cell 

number per spleen from days 28 (Fig. 32C) and 60 (Fig. 32E) was calculated by multiplying the 

frequency of TFH cells ,vithin the total number of splenocytes in the spleen. Black bars indicate 

group means and error hars represent standard deviation. 

[054] Figures 33A-33B show Matrix-M induced long-lived plasma cells in bone marrow. 

Spleen and bone marrow cells were incubated overnight in EBOV IMak GP coated ELISPOT 

plates. The EBOV&1ak GP-specific IgG spots were detected by incubating with goat-anti-mouse 

IgG-HRP followed by spot development. Spot numbers were counted and analyzed using an 

ELISPOT reader. The number of antibody secreting celts (ASC) per mi1lion cells is shm-vn. (Fig. 

33A) day 60 EBOVlMak GP-IgG ASC number in the spleen; (Fig. 33B) day 60 EBOV/Mak GP­

IgG ASC number in the bone marrow. Black bars indicate group means and error bars represent 

standard deviation. 

[055] Figures 34A-34B show features of an Ebola Glycoprotein. Figure 34A shows the 

domain stmcture. Figure 34B shows the amino acid sequence of a GP \vith the cleaved signal 

peptide and the N- and C-terminii of the mature protein, and the furin cleavage sequence (SEQ 

ID NO: 22). 

[056] Figures 35A-35C show electron micrographs of nanoparticles of the disclosure. Note 

that Figure 35B illustrates the non-ionic detergent core with from up to 5 copies of trimers 

attache.d to the core. In some cases, additional trimers are out of the plane of view. Figure 35C 

shows a docking study mth GP trimers overlaid onto a nanoparticle from a micrograph. 

[057) Figure 36 illustrates the ability of three monoclonal anti-Ebola antibodies to detect the 

Ebola nanoparticles. 

[058] Figure 37 shows the Surface plasmon resonance (SPR) data for binding of the antibodies 

to the epitopes of the Ebola GP nanopartic1es (SEQ ID NOs:23-25). 

[059} Figul'e 38 illustrates the high potency of binding of the 13C6 antibody to nanopalticles of 

the disclosure. 

[060] Figure 39 illustrates a Baboon immtIDogenicity study design. Group 1 was 60~g GP 

nanopartic1es with no adjuvant. Group 2 was 6011g GP nanoparticles with 800~lg AlP04 
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adjuvant. Group 3 was 60~lg GP nanopaliicles with 50~g Matrix-M adjuvant. Group 4 was 5~g 

GP nanopartic1es with 50~Lg Matrix-M adjuvant. 

[061] Figures 40A·40B illustrate results of the Baboon immunogenicity study in Figure 39, At 

Day 21, EC90 titers were increased for Groups 2 and 3. Figure 40A Titers were approximately 

the same in both groups and also against nanoparticles containing glycoproteins from the 

Makona Ebola virus and the Mayinga strain, which is the prototypical variant of the Ebola Zaire 

strain. By Day 31, the immune response was pronounces in all cases and especially for 

compositions containing GP and :Matrix M adjuvant. Notably, the lower dose of GP (5~g) 

performed as well as the higher dose (6011g) underscoring the dose-sparing effect of the Matrix­

M 

[062] Figure 41 illustrates the durable immune response achieved by the nanopartic1e 

compositions. The data shown in the EC50 GTvIT responses for IgG after administmtion at Day 0 

and Day 21. The nanopartic1es with GP and Matrix-M show better responses than an alum 

adjuvant and the responses remain higher over time. 

[063] Figure 42 illustrates the stimulation of the immune response involving IFNy releasing 

cells. The Matrix M combined with 5 j.1g GP nanoparticles gave the maximum response 

followed by the higher dose GP nanoparticles (60 j.1g). Using alum provided a low but detectable 

increase in peripheral blood mononuclear cells (PBMC) secreting IFN-y. 

[064] Figure 43 illustrates the IFNy and TNF-a. release profiles from CD4+ and CD8+ T-cells 

isolated from baboons that were administered vaccine compositions containing the GP 

nanoparticles disclosed herein 

r0651 Figure 44 illustrates the cytokine release profiles from T-cells isolated from baboons that 

were administered vaccine compositions containing the GP nanopartic1es disclosed herein. The 

data show that Matrix M-aqiuvanted GP nanoparticle compositions stimulate immune responses 

having broader cytokine release profiles. 

[066} Figure 45 shows a vaccine trial design performed in Cynomolgus macaques. Animals 

were administered a vaccine composition of 5 llg GP + 50 ~g Matrix-M at Days 0 and 21 then 

challenged at Day 42. Animals 33360, 33362, and 33355 were treated with the vaccine 

composition. Placebo was administered to animal 33356. 

[067} Figure 46 shows the IgG titers obtained in the Cynomolgus macaque trial. By Day 28, 

EC50 titers had exceeded 105. 
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[068] .'igure 47 shows induction of IF'N-y secreting PBMC cells isolated from treated 

macaques. Peptides derived from Ebola Zaire GP were pooled and used in the assay. A 

consensus peptide derived from the Zaire and Sudan strains was also tested. The data shown 

illustrates cells responding to those peptides at Week 0 (top panel), Week 3 (middle panel), and 

Week 5 (bottom panel). The control animal injected with placebo showed essentially no 

response. In contrast, vaccine-treated animals showed a robust increase in cells releasing IFN­

y in respnse to the various peptides tested. 

[0691 Figure 48 shows viral load and survival in macaques. By Day 7 post-challenge the 

placebo animal exhibited a substantial increase in viral nucleic acid, indicating Eboia infection. 

By Day 9 the animal was euthanized. All vaccinated animals survived. Only animal 33360 

exhibited a detectable increase in viral nucleic acid, which\-vas about the limit of detection. By 

Day 10, even in that one animal, viral RNA levels had dropped beneath the ability ofRT-PCR to 

detect them. 

[070] Figure 49 shows a vaccine trial design for an additional macaque study. Animals were 

administered saline or 5 j..lg GP + 50 j..lg Matrix-M. Group 1<' received vaccine at weeks 0 and 6. 

Group G received vaccine at weeks 0 and 3. Both groups were challenged 6 weeks after 

administration of the boost vaccine. 

[071] Figure 50 shows the results of the second study. In both groups, substantial increases in 

anti-Ebola GP were obtained. At Day 18 after challenge with live virus, survival for saline 

control animals was 0%. In contrast both animals in each of Groups F and G survived, 

establishing that the vaccine compositions were protective. 

DETAILED DESCRIPTION 

[on} Disclosed herein are nanopartic1es for inducing immune responses, methods for 

producing and administering them and vaccine compositions containing them. The nanoparticle 

provides antigen surrounding and associated with a detergent core that result in a structure that 

provides enhanced stability by numerous measures. The detergent core and antigen associate via 

a physico-chemical interaction mediated by the properties of the antigen and detergent. In 

addition, the nanoparticles offer especially good antigen presentation to immune systems which, 

without being bound by theory, is thought to result from the orientation of the antigens around 

the detergent core. 
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[0731 In one aspect, the disclosure provides compositions containing recombinant viral 

glycoprotein nanopartic1es. In particular aspects, the glycoproteins are recombinantly expressed 

in a suitable host cell. In one embodiment, the host cell is an insect cell. In an exemplary 

embodiment, the insect cell is an Sf9 cell. 

[074] In particular aspects, the disclosure provides immunogenic compositions comprising one 

or more viral glycoprotein species in a nanoparticle structure where the glycoprotein is in the 

form of a trimer and each nanoparticie contains at least one trimer associated with a non-ionic 

detergent core. In particular aspects, a nanoparticle consists of an antigen, such as a viral 

glycoprotein, from only one pathogen. 

[075J The nanoparticles may be used for the prevention andlor treatment of viral infection. 

Thus, in another aspect, the disclosure provides a method for eliciting an immune response 

against a virus. The method involves administering an immunologically effective amount of a 

composition containing a nanoparticle to a subject. 

[076] The disclosure provides vaccme compositions compnsmg the nanoparticle. 

Compositions may contain nanoparticles having antigens from multiple pathogens. In some 

aspects, the vaccine composition may contain nanoparticles with antigens from more than one 

viral strain from the same species of virus. In aspects, the vaccine composition may contain 

nanopartic1es with antigens from different virus species. In another embodiment, the disclosures 

provide for a pharmaceutical pack or kit comprising one or more containers filled with one or 

more of the components of the vaccine compositions. 

[077J In another embodiment, the disclosure provides a method of formulating a vaccine 

composition that induces immunity to an infection or at least one disease symptom thereof to a 

mammal, comprising adding to the composition an effective dose of a nanoparticle. The 

disclosed nanoparticles are useful for preparing compositions that stimulate an immune response 

that confers immunity or substantial immunity to infectious agents. Thus, in one embodiment, 

the disclosure provides a method of inducing immunity to infections or at least one disease 

symptom thereof in a subject, comprising administering at least one effective dose of a 

nanoparticle. 

(078] In some embodiments, the nanoparticIes are administered vvith an adjuvant. In other 

aspects, the nanopartides are administered without an adjuvant. In some aspects, the adjuvant 

may be bmmd to the nanopartic1e, such a.s by a non-covalent intera.ction. In other aspects, the 
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adjuvant is co-administered with the nanoparticie but the adjuvant and nanopartic1e do not 

interact substantially. 

[079] Also provided herein are methods of manufacturing the nanoparticles and vaccme 

compositions. Advantageously, the methods provide nanoparticles that are substantially free 

from contamination by other proteins, such as proteins associated with recombinant expression 

of proteins in baculovirus/Sf9 systems. 

Definitions 

[080] As used herein, and in the appended claims, the singular forms "a", "an", and "the" 

include plural referents unless the context clearly dictates otherwise. Thus, for example, 

reference to "a protein" can refer to one protein or to mixtures of such protein, and reference to 

"the method" includes reference to equivalent steps and/or methods known to those skilled in the 

art, and so forth. 

[081] As used herein, the term "adjuvant" refers to a compound that, when used in combination 

with an immunogen, augments or otherwise alters or modifies the immune response induced 

against the immunogen. Modification of the immune response may include intensification or 

broadening the specificity of either or both antibody and cellular immune responses. 

[082] As used herein, the term "about" or "approximately" when prece.ding a numerical value 

indicates the value plus or minus a range of IO%. For example, "about 100" encompasses 90 and 

110. 

[083] As used herein, the terms "immunogen," "antigen," and "epitope" refer to substances 

such as proteins, including glycoproteins, and peptides that are capable of eliciting an immune 

response. 

[084] As used herein, an "immunogenic composition" is a composition that comprises an 

antigen where administration of the composition to a su~ject results in the development in the 

subject of a humoral and/or a cellular immune response to the antigen. 

[085.1 As used herein, a "subunit" composition, for example a vaccine, that includes one or 

more selected antigens but not all antigens from a pathogen. Such a composition is substantially 

free of intact vims or the lysate of such ".ells or paltic1es and is typically prepared from at least 

partially purified, often substantially purified immunogenic polypeptides from the pathogen. 
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The antigens in the subunit composition disclosed herein are typically prepared recombinantly, 

often using a baculovirus system. 

[086] As used herein, "substantially" refers to isolation of a substance (e.g. a compound, 

polynucleotide, or polypeptide) such that the substance forms the majority percent of the sample 

in which it is contained. For example, in a sample, a substantially purified component comprises 

85%, preferably 85%-90%, more preferably at least 95%-99.5%, and most preferably at least 

99% of the sample. If a component is substantially replaced the amount remaining in a sanlple is 

less than or equal to about 0.5% to about 10%, preferably less than about 0.5%to about 1.0% 

[087] The terms "treat," "treatment," and "treating," as used herein, refer to an approach for 

obtaining beneficial or desired results, for example, clinical results. For the purposes of this 

disclosure, beneficial or desired results may include inhibiting or suppressing the initiation or 

progression of an infection or a disease; ameliorating, or reducing the development of, symptoms 

of an infection or disease; or a combination thereof. 

[088] "Prevention," as used herein, is used interchangeably with "prophylaxis" and can mean 

complete prevention of an infection or disease, or prevention of the development of symptoms of 

that infection or disease; a delay in the onset of an infection or disease or its symptoms; or a 

decrease in the severity of a subsequently developed infection or disease or its symptoms. 

[0891 As used herein an "effective dose" or "effective amowlt" refers to an amount of an 

immunogen sufficient to induce an immune response that reduces at lea.:;t one symptom of 

pathogen infection. An effective dose or effective amount may be determined e.g., by 

measuring amounts of neutralizing secretory and/or serum antibodies, e.g., by plaque 

neutralization, complement fixation, enzyme-linked immunosorbent (ELISA), or 

microneutralization assay. 

[090] As used herein, the tem1 "vaccine" refers to an immunogenic composition, such as an 

inmlUnogen derived from a pathogen, which is used to induce an immune response against the 

pathogen that provides protective immunity (e.g., immunity that protects a subject against 

infection with the pathogen and/or reduces the severity of the disease or condition caused by 

infection wid1 d1e pathogen). The protective immune response may include fomlation of 

antibodies and/or a cell-mediated response. Depending on context, the term "vaccine" may also 

refer to a suspension or solution of an immunogen that is administered to a vertebrate to produce 

protective immunity. 
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[0911 As used herein, the term "subject" includes humans and other animals. Typically, the 

subject is a human. For example, the subject may be an adult, a teenager, a child (2 years to 14 

years of age), an infant (l month to 24 months), or a neonate (up to 1 month). In some aspects, 

the adults are seniors about 65 years or older, or about 60 years or older. In some aspects, the 

subjett is a pregnant woman or a woman intending to become pregnant. In other aspects, subject 

is not a human; for example a non-human primate; for example, a baboon, a chimpanzee, a 

gorilla, or a ma.caque. In certain aspects, the subject may be a pet, such as a dog or cat. 

[092] As used herein, the term "phamlaceutically acceptable" means being approved by a 

regulatory agency of a U.S. Federal or a state government or listed in the US. Pharmacopeia, 

European Pharmacopeia or other generally recognized pharmacopeia for use in mammals, and 

more particularly in humans. These compositions can be useful as a vaccine and/or antigenic 

compositions for inducing a protective immune response in a vertebrate. 

[093] As used herein, the term "about" means plus or minus 10% of the indicated numerical 

value. 

Overview 

[094] Antigens derived from pathogens are combined w·ith non-ionic detergents to provide 

nanoparticies surrounding a detergent core that have improved stability and excellent 

immunogenicity. The disclosure also provides for methods and compositions for vaccinating a 

subject against pathogens. In particular aspects, the pathogen is a virus. The antigen is typically 

a protein, often a glycoprotein. Also disclosed are compositions containing the nanoparticles 

which find use as vaccine compositions. Methods of producing the nanopartic1es and producing 

the vaccine compositions are also disclosed. 

Nanopllrticie Structure antI ~Morphol(Jgy 

[095] Nanopa.rticles of the present disclosure comprise antigens associated with non-ionic 

detergent core. Figure 6 upper panel illustrates an example of multiple RSV F antigens 

associated with the detergent core. Figures 35 shows Ebola nanoparticles. Advantageously, the 

nanoparticles have improved resistance to environmental stresses such that they provide 

enhanced stability. 
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[096] In particular embodiments, the nanopartic1es are composed of multiple protein trimers 

surrounding a non-ionic detergent core. For example, each nanoparticle may c.ol1tail1 1,2,3,4,5, 

6, 7, 8, 9, 10, 11, 12, or 15 trimers. Typically, each nanoparticie contains 2 to 9 trimers. In 

particular embodiments, each nanopartic1e contains 2 to 6 trimers. Compositions disclosed herein 

may contain nanoparticles having different numbers of trimers. For example, a composition may 

contain nanoparticles where the number of trimers ranges from 2-9; in other embodiments, the 

nanoparticies in a composition may c.ontain from 2-6 trimers. In particular embodiments, the 

compositions contain a heterogene.ous population of nanoparticles having 2 to 6 trimers per 

nanoparticle, or 2 to 9 trimers per nanoparticle. In other embodiments, the compositions may 

contain a substantially homogenous population of nanopartic1es. For example, the population 

may contain about 95% nanoparticles having 5 trimers. 

[097] The antigens are associated with the non-ionic detergent-containing core of the 

nanoparticle. Typically, the detergent is selected from polysorbate-20 (PS20), polysorbate-40 

(PS40), polysorbate-60 (PS60), polysorbate-65 (PS65) and polysorbate-80 (PS80). The presence 

of the detergent facilitates formation of the nanopartic1es by fonning a core that organizes and 

presents the antigens. Thus, in certain embodiments, the nanopartic1es may contain the antigens 

assembled into multi-oligomeric glycoprotein-PS80 protein-detergent nanoparticles with the 

head regions projecting outward and hydrophobic regions and PS80 detergent forming a central 

core surrounded by the antigens. 

1098] The nanoparticles disclosed herein range in Z-ave size from about 20 nm to about 60 nm, 

about 20 nm to about 50 nm, about 20 nm to about 45 nm, or about 25 nm to about 45 nm. 

Particle size (Z-ave) is measured by dynamic light scattering (DLS) using a 1\.1alvern Zetasizer, 

unless otherwise specified. 

(099) Several nanopartic1e types may be included in vaccine compositions disclosed herein. In 

some aspects, the nanoparticle type is in the form of an anisotropic rod, which may be a dimer or 

a monomer. In other aspects, the nanopaltic1e type is a spherical oligomer. In yet other aspects, 

the nanoparticie may be described as an internlediate nanoparticle, having sedimentation 

properties intermediate between the first two types. Formation of nanoparticle types may be 

regulated by controlling detergent and protein concentration during the production process. 

Nanopartic1e type may be determined by measuring sedimentation co-effic·ient See Figure 9A 
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and 9B, for examples showing RSV·F nanoparticies. See also, Figure 8 illustrating control over 

nanoparticle size by adjusting detergent and protein concentrations. 

Nanoparticle Production 

[0100] The nanoparticles of the present disclosure are non-naturally occun'ing products, the 

components of which do not occur together in nature. Generally, the methods disclosed herein 

use a detergent exchange approach wherein a first detergent is used to isolate a protein and then 

that first detergent is exchanged for a second detergent to fonn the nanoparticles. 

[0101] The antigens contained in the nanoparticles are typically produced by recombinant 

expression in host cells. Standard recombinant techniques may be used. Typically, the proteins 

are expressed in insect host cells using a baculovirus system. In preferred embodiments, the 

baculovirus is a cathepsin-L knock-out baculovirus. In other preferred embodiments, the 

bacuolovirus is a chitinase knock-out baculovirus. In yet other preferred embodiments, the 

baculovirus is a double knock-out for both cathepsin-L and chitinase. High level expression may 

be obtained in insect cell expression systems. Non limiting examples of insect cells are, 

SpodopteraJrugiperda (Sf) cells, e.g. Sf9, 8£21, Trichoplusia ni cells, e.g. High Five cells, and 

Drosophila S2 cells. 

[0102] Typical transfection and cell growth methods can be used to culture the cells. Vectors, 

e.g., vectors comprising polynucleotides that encode fusion proteins, can be transfected into host 

cells according to methods well known in the art. For example, introducing nucleic acids into 

eukaryotic cells can be achieved by ca.lcium phosphate co-precipitation, electroporation, 

microinjection, lipofection, and transfection employing polyamine tra.nsfection reagents. In one 

embodiment, the vector is a recombinant baculovirus. 

[0103] Methods to grow host cells include, but are not limited to, batch, batch-fed, continuous 

and perfusion cell culture techniques. Cell culture means the growth and propagation of cells in a 

bioreactor (a fennentation chamber) where cells propagate and express protein (e,g. recombinant 

proteins) for purification and isolation. Typically, cell culture is perfoffiled under sterile, 

controlled temperature and atmospheric conditions in a bioreactor. A bioreactor is a chamber 

used to culture cells in which environmental conditions such as temperature, atmosphere, 

agitation and/or pH can be monitored. In one embodiment, the bioreactor is a stainless steel 

chamber. In another embodiment, the bioreactor is a pre-sterilized plastic bag (e.g. Cellbag®, 
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Wave Biotech, Bridgewater, N.J.). In other embodiment, the pre-sterilized plastic bags are about 

50 L to 3500 L bags. 

Detergent Extraction and Purification ofNanopal1icles 

[0104} After grmvth of the host cells, the protein may be harvested from the host cells using 

detergents and purification protocols. Once the host cells have grown for 48 to 96 hours, the 

cells are isolated from the media and a detergent-containing solution is added to solubilize the 

ceIl membrane, releasing the protein in a detergent extract. Triton X-I 00 and tergitol, also known 

as l\TF-9, are each preferred detergents for extraction. The detergent may be added to a final 

concentration of about 0.1% to about 1.0%. For example, the concentration may be about 0.1%, 

about 0.2%, about 0.3%, about 0.5%, about 0.7%, about 0.8%, or about 1.0 %. In certain 

embodiments, the range may be about 0.1% to about 0.3%. Preferably, the concentration is 

about 0.5%. 

[0105] In other aspects, different first detergents may be used to isolate the protein from the host 

cell. For example, the first detergent may be Bis(polyethylene glycol bis[imidazoylcarbonyl]), 

nonoxynol-9, Bis(polyethylene glycol bis[imidazoyl carbonyl]), Brij® 35, Brij®56, Brij® 72, 

Brij® 76, Brij® 92V, Brij® 97, Brij® 58P, Cremophor® EL, Decaethyleneglycol monododecyl 

ether, N-Decanoyl-N-methylglucamine, n-DeeyJ alpha-Dglucopyranoside,DecyI beta-D­

maltopyranoside, n-Dodecanoyl-N-methyIglucamide, nDodecyl alpha-D-maltoside, n-Dodecyl 

beta-D-maltoside, n-Dodecyl beta-D-maltoside,Heptaethylene glycol monodecyl ether, 

Heptaethylene glycol monododecyl ether, HeptaethyJene glycol monotetradecyl ether, n­

Hexadecyl beta-D-maltoside, Hexaethylene glycol monododecyl ether, Hexaethylene glycol 

monohexadecyl ether, Hexaethylene glycol monooctadecyl ether, Hexaethylene glycol 

monotetradeeyl ether, 1gepal CA-630,Igepal CA -630, Methyl-6-0-(N -heptylcarbamoyl)-alpha­

D-glucopyranoside,Nonaethylene glycol monododecyl ether, N-Nonanoyl-N-methylglucamine, 

N-NonanoyIN-methylglucamine, Octaethylene glycol monodecyl ether, Octaethylene 

glycolmonododecyl ether, Octaethylene glycol monohexadecyl ether, Octaethylene glycol 

monooctadecyl ether, Octaethylene glycol monotetradecyl ether, Octyl-beta-D glucopyranoside, 

Pentaethylene glycol monodecyl ether, Pentaethylene glycol monododecyl ether, Pentaethylene 

glycol monohexadecyl ether, Penta ethylene glycol monohexyl ether, Pentaethylene glycol 

monooctadecyl ether, Pentaethylene glycol monooctyl ether, Polyethylene glycol diglycidyl 

ether, Polyethylene glycol ether W-l, Polyo,,"),ethylene 10 tridecyl ether, Polyoxyethylene 100 
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stearate, Polyoxyethylene 20 isohexadecyl ether, Polyoxyethylene 20 oleyl ether, 

Polyoh),ethylene 40 stearate, Polyoxyethylene 50 stearate, Polyoxyethylene 8 stearate, 

Polyoxyethylene bis(imidazolyl carbonyl), Polyoh),ethylene 25 propylene glycol stearate, 

Saponin from Quillaja bark, Span® 20, Span® 40, Span® 60, Span® 65, Span® 80, Span® 85, 

Tergitol Type 15-S-12, Tergitol Type 15-S-30, Tergitol Type 15-S-5, Tergitol Type 15-S-7, 

Tergitol Type 15-S-9, Tergitol Type NP-IO, Tergitol Type NP-4, Tergitol Type NP-40, Tergitol, 

Type NP-7 Tergitol Type NP-9, Tergitol Type TMN-IO, Tergitol Type TMN-6, Triton X-IOO or 

combinations thereof. 

[0106] The nanoparticles may then be isolated from cellular debris using centrifugation. In some 

embodiments, gradient centrifugation, such as using cesium chloride, sucrose and iodixanol, may 

be used. Other techniques may be used as alternatives or in addition, such as standard 

purification techniques including, e.g., ion exchange, affinity, and gel filtration chromatography. 

[01071 For example, the first column may be an ion exchange chromatography resin, such as 

Fractogel® EMD TMAE (EMD Millipore), the second column may be a lentil (Lens culinaris) 

lectin affinity resin, and the third column may be a cation exchange column such as a Fractogel® 

El\1D S03 (EMD Millipore) resin. In other aspects, the cation exchange column may be an 

MMC column or a Nuvia C Prime column (Bio-Rad Laboratories, Inc). Preferably, the methods 

disclosed herein do not use a detergent extraction column; for example a hydrophobic interaction 

colunm. Such a column is often used to remove detergents during purification but may 

negatively impact the methods disclosed here. 

Detergent Excllange 

[0108] To form nanopartic1es, the first detergent, used to extract the protein from the host cell is 

substantially replaced with a second detergent to arrive at the nanoparticle structure. NP-9 is a 

preferred extraction detergent. Typically, the nanoparticles do not contain detectable NP-9 when 

measured by HPLC. The second detergent is typically selected from the group consisting of 

PS20, PS40, PS60, PS65, and PS80. Preferably, the second detergent is PS80. To maintain the 

stability of the nanoparticle formulations, the ratio of the second detergent and protein is 

maintained within a certain range. 

10109] In particular aspects, detergent exchange is performed using affinity chromatography to 

bind glycoproteins via their carbohydrate moiety. For example, the affinity chromatography may 

use a legume lectin column. Legume lectins are proteins originally identified in plants and found 
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to interact specifically and reversibly with carbohydrate residues. See, for example, Sharon and 

Lis, "Legume lectins--a large family of homologous proteins," FASEB J. 1990 Nov;4(14):3198-

208; Liener, "The Lectins: Properties, FlIDctions, and Applications in Biology and Medicine," 

Elsevier, 2012. Suitable lectins include concanavalin A (con A), pea lectin, sainfoin lect, and 

lentil lectin. Lentil lectin is a preferred column for detergent exchange due to its binding 

properties. See, for instance, Example 10. Lectin columns are commercially available; for 

example, Capto Lentil Lectin, is available from GE Healthcare. In certain aspects, the lentil 

lectin column may use a recombinant lectin. At the molecular level, it is thought that the 

carbohydrate moieties bind to the lentil lectin, freeing the amino acids of the protein to coalesce 

around the detergent resulting in the formation of a detergent core providing nanoparticles 

having multiple copies of the antigen, e.g., glycoprotein oligomers which can be dimers, trimers, 

or tetramers anchored in the detergent. 

[0110] The detergent, when incubated with the protein to form the nanoparticles during 

detergent exchange, may be present at up to about 0.1% (w/v) during early purifications steps 

and this amount is lowered to achieve the final nanoparticles having optimum stability. For 

example, the non-ionic detergent (e.g., PS80) may be about 0.03% to about 0.1 %. Preferably, 

for improved stability, the nanoparticle contains about 0.03% to about 0.05% PS80. AmoWlts 

below about 0.03% PS80 in formulations do not show as good stability. Further, if the PS80 is 

present above about 0.05%, aggregates are formed. Accordingly, about 0.03% to about 0.05% 

PS80 provides structural and stability benefits that allow for long-ternl stability of nanoparticles 

with reduced degradation. 

[01l1} Detergent exchange may be petformed with proteins purified as discussed above and 

purified, frozen for storage, and then thawed for detergent exchange . 

. Enhanced Stability and Enhanced lmmunogenicity of Nanoparticles 

[0112] Without being bound by theory, it is thought that associating the antigen with a non-ionic 

detergent core offers superior stability and antigen presentation. The nanoparticies disclosed 

herein provide surprisingly good stability and immunogenicity. Advantageous stability is 

especially useful for vaccines used in COWltries lacking proper storage; for example, certain 

locations in Mrica may lack refrigeration and so vaccines for diseases prevalent in areas facing 

difficult storage conditions, such as Ebola virus and RSV, benefit particularly from improved 
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stability. Further, the HA influenza nanopaltic1es produced using the neutral pH approach 

exhibit superior folding to knm,vn recombinant flu vaccines. 

[0113] Notably, prior approaches to using detergents to produce RSV vaccines including split 

vaccines such as described in US 2004/0028698 to Colau et a1. failed to produce effective 

structures. Rather than nanoparticles having proteins surrounding a detergent core as disclosed 

herein, Colau et aI's compositions contained amorphous material lacking identifiable viral 

structures, presumably resulting in failure to present epitopes to the immune system effectively. 

In addition, the disclosed nanoparticles have particularly enhanced stability because the 

orientation of the antigens, often glycoproteins. around the detergent core sterically hinders 

access of enzymes and other chemicals that cause protein degradation. 

[0114] TIle nanoparticles have enhanced stability as determined by their ability to maintain 

immunogenicity after exposure to varied stress. Stability may be measured in a variety of ways. 

In one approach, a peptide map may be prepared to detf.'1'mine the integrity of the antigen protein 

after various treatments designed to stress the nanoparticles by mimicking harsh storage 

conditions. Thus, a measure of stability is the relative abundance of antigen peptides in a 

stressed sample compared to a control sample. Figure 12 shows that even after various different 

stresses to an RSV F nanopartic1e composition, robust immune responses are achieved. Figure 

13 illustrates the improved protease resistance provided by the nanopartic1es using PS80 levels 

above 0.015%. Notably, at 18 months PS80 at 0.03% shows a 50% reduction in formation of 

truncated species compared to 0.015% PS80. The nanoparticles disclosed herein are stable at 2-

SOc. Advantageously, however, they are also stable at 25°C for at least 2 months. In some 

embodiments, the compositions are stable at 2SoC for at least 3 months, at least 6 months, at least 

12 months, at least 18 months, or at least 24 months. For RSV-F nanopartic1es, stability may be 

determined by measuring formation of truncated FI protein, as shown in Figure 13. 

Advantageously, the RSV-F nanoparticles disclosed herein advantageously retain an intact 

antigenic site II at an abundance of 90 to 100% as measured by peptide mapping compared to the 

control RSV-F protein in response to various stresses including pH (pH3.7), high pH (pHI0), 

elevated temperature (50°C for 2 weeks), and even oxidation by peroxide as shown in Figure 12. 

[0115] It is thought that the position of the glycoprotein anchored into the detergent core 

provides enhanced stability by reducing undesirable interactions. For example, the improved 

protection against protease-based degradation may be achieved through a shielding effect 
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whereby anchoring the glycopr.oteins into the core at the molar ratios disclosed herein results in 

steric hindrance blocking protease access. 

[0116] Thus, in particular aspe(...is, disclosed herein are RSV-F nanopartic1es, and compositions 

containing the same, that retain 90% to 100%, of intact Site II peptide, compared to untreated 

control, in response to one or more treatments selected from the group consisting of incubation at 

50°C for 2 weeks, incubation at pH 3.7 for 1 week at 25°C, incubation at pH 10 for 1 week at 

25°C, agitation for 1 week at 25°C, and incubation with an oxidant, such as hydrogen peroxide, 

for 1 week at 25°C. Additionally, after such treatments, the compositions functionality is 

retained. See Figures 12A-12D. For example, neutralizing antibody, anti-RSV IgG and PCA 

titers are preserved compared to control. 

[0117] Enhanced immunogenicity is exemplified by the cross-neutralization achieved by the 

influenza nanoparticles. It is thought that the orientation of the influenza antigens projecting 

from the core provides a more effective presentation of epitopes to the immune system. 

Nanoparticle Antigens 

[0118] In typical embodiments, the antigens used to produce the nanoparticles are viral proteins. 

In some aspects, the proteins may be modified but retain the ability to stimulate immune 

responses against the natural peptide. In some aspects, the protein inherently contains or is 

adapted to contain a transmembrane domain to promote association of the protein into a 

detergent core. Often the protein is naturally a glycoprotein. 

RSVAnfigem 

[0119J In one aspee,'t, the virus is Respiratory Syncytial Virus (RSV) and the viral antigen is the 

Fusion (F) glycoprotein. The structure and function of RSV F proteins is well characterized. See 

Figure 1, for an example of wild-type structure. Suitable RSV~F proteins for use in the 

compositions described herein can be derived from RSV strains such as A2, Long, A TCC VR-

26, 19, 6265, E49, E65, B65, RSB89-6256, RSB89-5857, RSB89-6190, and RSB89-6614. In 

certain embodiments, RSV F proteins are mutated compared to their natural variants. These 

mutations confer desirable characteristics, such as improved protein expression, enhanced 

immunogenicity and the like. Additional information describing RSV-F protein structure can be 

found at Swanson et al. A Monomeric Uncleaved Respiratory Syncytial Virus F Antigen Retains 

Prefusion-Specific Neutralizing Epitopes. Journal of Virology, 2014, 88, 11802-11810. Jason S. 
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McLellan et al. Structure of RSV Fusion Glycoprotein Trimer Bound to a Prefusion-Specific 

Neutralizing Antibody. Science, 2013, 340, 1113-1117. 

[0120] The primary fusion cleavage is located at residues 131 to l36 corresponding to SEQ ID 

NO:2. Inactivation of the primary fusion cleavage site may be achieved by mutating residues in 

the site, v.'ith the result that furin can no longer recognize the consensus site. For example, 

inactivation of the primary furin cleavage site may be accomplished by introducing at least one 

amino acid substitution at positions corresponding to arginine 133, arginine 135, and arginine 

136 of the wild ... type RSV F protein (SEQ ill NO:2). In particular aspect'), one, two, or aU three 

of the arginines are mutated to glutamine. In other aspects, inactivation is accomplished by 

mutating the wild-type site to one of the following sequences: KKQKQQ (SEQ ID NO: 14), 

QKQKQQ (SEQ to NO:15), KKQKRQ (SEQ ID NO: 16), and GRRQQR (SEQ ill NO: 17). 

[0121] In particular a.spects, from 1 to 10 amino acids of the corresponding to acids 137 to 145 

of SEQ ill NO: 2 may be deleted, including the particular examples of suitable RSV F proteins 

shown below. Each of SEQ ID NOS 3-13 may optionally be prepared with an active primary 

fusion cleavage site KKRKRR (SEQ ID NO:18). The wild type strain in SEQ ID NO:2 has 

sequencing errors (A to P, V to I, and V to M) that are corrected in SEQ ID NOS:3-13. 

Following expression of the RSV-F protein in a host cell, the N-tenninal signal peptide is 

cleaved to provide the final sequences. Typically, the signal peptide is cleaved by host cell 

proteases. In other aspects, however, the full-length protein may be isolated from the host cell 

and the signal peptide cleaved subsequently. The N-terminal RSV F signal peptide consists of 

amino acids of SEQ ID NO: 26 (MELLILKANAIT11LTAVTFCFASG). Thus, for example, 

following cleavage of the signal peptide from SEQ ID NO:8 during expression and purification, 

a matme protein having the sequence of SEQ ID NO: 19 is obtained and used to produce a RSV 

F nanoparticle vaccine. See Fig. lB. Optionally, one or more up to all of the RSV F signal 

peptide amino acids may be deleted, mutated, or the entire signal peptide may be deleted and 

replaced with a different signal peptide to enhance expression. An initiating methionine residue 

is maintained to initiate expression. 

Expressed Protein 

SEQIDNO: 

1 

Fusion Domain Deletion I Primary Fusion Cleavage Site sequence 

I 

Wild type Strain A2 (nucleic) KKRKRR (active) 
--_._------_._------------- ------_._-----------_._-
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2 Wild type Strain /\2 (protein) I KKRKRR (active) 

3 Deletion of 137 (ill) I KKQKQQ (inactive) 
I 

4 Deletion of 137-138 (.12) I KKQKQQ (inactive) 

5 Deletion of 137-139 (.13) I KKQKQQ (inactive) 
-~--.. -------------------- -----------------------------i-------------------------------------------------------
6 Deletion of 137-140 (.14) I KKQKQQ (inactive) 

I 

'"' Deletion of 137-141 (.15) I KKQKQQ (inactive) I 

---------------- --------------------------------t-------------------------------------------
8 Deletion of 137-146 (illO) ! KKQKQQ (inactive) 

9 Deletion of 137-142 (l\6) ! KI(QKQQ (inactive) 
I 
I 

10 Deletion of 137-143 (.17) I KKQKQQ (inactive) 
; 

11 Deletion of 13 7-144 (.18) I KKQKQQ (inactive) 
I . . . 

I ._-

12 Deletion of 137-145 (.19) i KKQKQQ (inactive) 
I 

]3 Deletion of 137-145 (.19) I KKRKRR (active) 
I 

10122} In some aspects, the RSV F protein disclosed herein is only altered from a wild-type 

strain by deletions in the fusion domain, optionally with inactivation of the primary cleavage site. 

In other aspects, additional alterations to the RSV F protein may be made. Typically, the cysteine 

residues are mutated. Typically, the N-linked glyc.()sylation sites are not mutated. See Figure 

IB. Additionally, the antigenic site II, also referred to herein as the Palivizumab site because of 

the ability of the palivizumab antibody to bind to that site, is preserved. The Motavizumab 

antibody also binds at site II. Additional suitable RSV-F proteins, incorporated by reference, are 

found in US Publication US 2011/0305727, including in particular, R..SV-F proteins containing 

the sequences spanning residues] 00 to 150 as disclosed in Figure 1 C therein. 

(0123Il11 certain other aspects, the RSV Fl or F2 domains may have modifications relative to 

the wild-type strain as shown in SEQ ID NO:2. For example, the Fl domain may have 1,2,3,4, 

5, 6, 7, 8, 9, or 10 alterations, which may be mutations or deletions. Similarly, the F2 domain 

may have 1,2,3,4, 5, 6, 7, 8,9, or 10 alterations, which may be mutations or deletions. The FJ 

and F2 domains may each independently retain at least 90%, at least 94% at least 95% at least 

96~'o at least 98~o at least 99%, or 100% identity to the wild-type sequence. 
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[01241 In a particular example, an RSV nanoparticie drug product may contain about 0.025% to 

about 0.03% PS80 with RSV F at a range of about 270 f1.g/mL to about 300 f1.g!mL, or about 60 

IlglmL to about 300 IJ.g/mL. In other aspects, the nanopatticle drug product may contain about 

0.035% to about 0.04% PS80 in a composition with RSV F at 300 f1.g/mL to about 500 lJ.g/mL. 

In yet other aspects, the nanoparticie drug product may contain about 0.035% to about 0.04% 

PS80 in a composition with RSV Fat 350-500 f1.g/mL. 

[0125] Because the concentrations of antigen and detergent can vary, the amounts of each may 

be refelTed as a molar ratio of non-ionic detergent: protein. For example, the molar ratio of PS80 

to protein is calculated by using the PS80 concentration and protein concentration of the antigen 

measured by ELISA! A280 and their respective molecular weights. TIle molecular weight of 

PS80 used for the calculation is 1310 and, using RSV F as atl example, the molecular weight for 

RSV F is 65kD. Molar ratio is calculated as a follows: (PS80 concentrationx 10x 65000) + 

(1310xRSV F concentration in mg/mL). Thus, for example, as shown Figure 13, the 

nanoparticie concentration, measured by protein, is 270 f1.g/mL and the PS80 concentrations are 

0.015% and 0.03%. These have a molar ratio ofPS80 to RSV F protein of27:1 (that is, 0.015 x 

10 x 65000 I (1310 x 0.27» and 55:1, respectively. 

[0126] In particular aspects, the molar ratio is in a range of about 30: 1 to about 80: 1, about 30: 1 

to about 70:1, about 30:1 to about 60:1, about 40:1 to about 70:1, or about 40:1 to about 50:1. 

Often, the replacement non-ionic detergent is PS80 and the molar ratio is about 30: 1 to about 

50:1, PS80: protein. For RSV-F glycoprotein, nanoparticles having a molar ratio in a range of 

35:1 to about 65:1, and particularly a ratio of about 45:1, are especially stable. 

influenza Alltigens 

101271 lbe nanoparticle platform is especially useful for presenting influenza antigens to the 

immune system of a subject. Previous approaches to producing influenza nanoparticle vaccines 

have used hydrophobic interaction columns to remove detergent or have contained only minimal 

amounts of detergent to reduce non-specific interactions that arose during product purification. 

It has now been discovered, however, that by performing a detergent exchange step nanopatticies 

having a non-ionic detergent core having excellent properties can be produced. The nanoparticles 

show excellent stability as evidenced by resistatlce to degradation by environmental stresses, 

which permits extended storage periods, as especially useful property for vaccines. In addition, 
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the nanopalticle structure is such that it presents the antigens in a particularly advantageous 

fashion. 

[0128] The influenza nanoparticies are especially useful as vaccines as the antibodies they 

induce contain broadly neutralizing antibodies. Thus, antibodies induced by a nanoparticle 

administered in one year can neutralize influenza viral strains arising from the "drift" process in 

subsequent years. It is thought that these epitopes that induce these broadly neutralizing 

antibodies have not been exposed at all, or exposed effectively, in prior influenza vac.cines, or 

that the epitopes were insufficiently stable in prior fonnulations. The nanoparticies disclosed 

herein resolve those problems by presenting cross-protective epitopes anchored around a non­

ionic detergent core with enhanced stability. 

[0129j Finally, the methods disclosed herein provide for especially high yield influenza 

nanopartides with good purity, which is advantageous economically in general and especially 

valuable for viruses that require rapid production of large amounts, such as pandemic influenza 

VIruS. 

[0130] In certain embodiments, a nanoparticle may contain an HA or an NA protein. For 

example, a nanopartic1e may contain a HA protein selected from the sub-types HI, H2, H3, H4, 

H5, H6, H7, H8, H9, HIO, Hll, HI2, H13, HI4, H15, and H16. A nanoparticle may contain an 

NA protein selected from the sub-types Nl, N2, N3, N4, NS, N6, N7, N8 and N9. 

Phylogenetically, the HA and NA proteins are split into groups. For HA, Group I contains HI, 

H2, HS, H6, H8, H9, Hll, HI2, H13, and H16, and group 2 contains H3, H4, H7, 1-nO, HI4, and 

HIS. NAs also form two groups: Group 1 contains Nl, N4, N5, and N8, and Group 2 contains 

N2, N3, N6, N7, and N9. In certain aspects, the antigen may have at least 90% identity, at least 

95% identity, at least 97% identity, or at least 99% to the native influenza HA protein or the NA 

protein. 

[0131] The HA and NA proteins used for the nanopalticies are typically full-length sequences. 

In certain aspects, portions of the C-tenninus may be removed. 

[0132] Advantageously, compositions having influenza can induce responses against 

heterologous strains of influenza, even when additional pathogen nanoparticles disclosed herein 

are co-administered. By inducing responses against heterologous influenza strains, broader 

protection is achieved. Thus, in particular aspects, the homologous HAl titer induced with 

Matrix M-adjuvanted compositions is about 800 to about 2000. In pa.rticular aspects, the 
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heterologous HAl titer is about 1300. In particular aspects, the heterologous HAl titer induced 

with Matrix M-adjuvanted compositions is about 200 to about 400; for example, the 

heterologous HAl titer may be about 300. 

[0133] In certain aspects, the influel17.a nanoparticles are trypsin-resistant nanoparticles produced 

using neutral pH purification. Trypsin resistance is achieved by neutral pH range of above 6.8 to 

8.5 during purification and formulation of the HA nanoparticles. In particular aspects, the pH 

range during purification and formulation of the HA nanoparticles is 7.0 to 8.5, 7.0 to 7.5, or 7.2 

to 7.5. HA nanoparticle stability may be measured by Differential Scanning Calorimetry (DSC). 

DSC measures the thermodynamic profile of macromolecules in solution, specifically, by 

measuring the difference in heat energy uptake betw"een a sample solution and appropriate 

reference (bufTer/solvent) by varying the temperature in a controlled manner. DSC provides data 

as transition midpoints (Tm), defined as temperatures where half the protein is 

denatured/unfolded and half in the native/folded state. In certain aspects, the trypsin-resistant 

HA nanoparticles herein have a Tm peak in a range of about 60°C to 75°C; for example, the Tm 

may be 60°C, 65 °c, 70°C or 75 0c. 
[0134] Trypsin resistance indicates that the HA protein is property folded and thus provides a 

vaccine product having better stability and immunogenicity. The sensitivity of HA proteins 

varies from strain-to-strain and the neutral pH production disclosed herein thus provides a 

process for maximizing immunogenicity for all strains, especially pH sensitive strains. Without 

being bound by theory it is thought that the combination of the detergent exchange and neutral 

pH levels preserve the HA protein in a structure that renders it resistant to proteases, particularly 

uypsin, Thus, by having the HA protein associated around a non-ionic detergent core combined 

with neutral pH purification, HA proteins of particularly good stability and immunogenicity are 

achieved. In addition, the methods of producing the nanoparticles provide excellent levels of 

protein for use in a vaccine. In particular aspects, the HA nanoparticles are produced, as 

measured by A2S0, at about 10 mg/L of cell culture to about 30 mg/L, or higher, at about 20 

mg/L to about 30 mg/L. 

[0135] The trypsin-resistant HA nanoparticles may be prepared as described in Figure 24. 

Briefly, the various steps, including detergent exchanges are performed with buffers above pH 

7.0; often in the range of about pH 7.2 to about pH 7.4. Figure 25D provides an example of the 

better thermostability achieved with trypsin resistant nanoparticles. The TFF and 1\1MC 
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production lots were obtained using neutral pH whereas the misfolded low pH lot is substantially 

degraded and/or misfolded. 

Ebola Antigells 

[0001] The disclosure also provided methods and compositions for treating, ameliorating, or 

preventing Ebola virus infection and/or disease. In particular, the compositions are vaccine 

compositions. Advantageously, the vaccine compositions disclosed herein provide for 100% 

survival to lethal challenge in animal models. The compositions also maintain a viral load about 

or below the detectable limit when using RT-PCR to detect viral nucleic acid. 

[0002} In one aspect, the disclosure provides compositions containing recombinant Ebola vitUS 

Glycoprotein (GP) nanoparticles in combination with saponin-based a4iuvants. 

[0003) In particular aspects, the disclosure provides immunogenic compositions comprising one 

or Ebola vitUS GP proteins in a nanoparticle sttUcture where the GP protein is in the form of a 

trimer and each nanopartic1e contains at least one trimer attached to a non-ionic detergent core. 

[0004] The Ebola GP nanoparticles may be used for the prevention andlor treatment of Ebola 

infectiOlL In another aspect, the present disclosure provides pharmaceutically acceptable vaccine 

compositions comprising an Ebola GP nanoparticle. In some aspects, nanopalticles from more 

than one strain are in the vaccine. In another embodiment, the disclosures provides for a 

pharmaceutical pack or kit comprising one or more containers filled with one or more of the 

ingredients of the vac.cine formulations. 

Ebola Glycoproteins 

[0005J The Ebola antigen use to prepare the nanopartic1e is typically an Ebola Glycoprotein 

(GP) antigen. The antigen may be derived from a variety of strains. The compositions disclosed 

herein may contain nanopartic1es from one, two, three, four, five, or six separate Ebola strains. 

For example, the strain may be Makona, Sudan, Zaire, Reston. In other aspects, the Ebola GP 

may share amino acid or nucleic acid identity with one or more of these strains. For exanlple, the 

GP may be about 80% identical, about 85% identical, about 90% identical, about 95% identical, 

about 97% identical, about 98% identical, or about 99% identical to one or more of the GPs from 

the Makona, Sudan, Zaire, or Reston viruses, wherein identity is measured over the full length of 

the protein or nucleic acid. In some aspects, the Ebota GP may comprise, or consist of, SEQ ID 

NO:27 or 28, or a protein having identity thereto. 
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[0006] A representative Zaire strain sequence is provided at GenBank Accession No. AAB81004 

(SEQ ID NO:27). The fIrst underlined portion shows the N-terminus for the GPI protein. The 

preceding signal peptide is cleaved off during processing following expression in the cell prior to 

purification and formulation into a vaccine. Shown in bold is the furin cleavage site. Following 

the bold tex-t, the N-temlinus for the GP2 protein is shovvn. Figure 7A shows a cartoon of the 

protein structure. 

MGVTGILQLPRDRFKRTSFFL\Vv1ILFQRTFSIPLGVIHNSTLQVSDV 
DKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKRWGFRSGV 
PPKVV1\TYEAGEWAENCYNLEIKKPDGSECLP AAPDGIRGFPRCRY 
VHKVSGTGPCAGDF AFHKEGAFFLYDRLASTVIYRGTTF AEGVV A 
FLILPQAKKDFFSSHPLREPVNATEDPSSGYYSTTIRYQATGFGTNE 
TEYLFEVDNL TYVQLESRFTPQFLLQLNETIYTSGKRSNTTGKLIW 
KVNPEIDTTIGEW AF\VETKKNLTRKIRSEELSFTVVSNGAKNISGQ 
SPARTSSDPGTNTTTEDHKIMASENSSAMVQVHSQGREAAVSHLT 
TLA TISTSPQSLTTKPGPDNSTHNTPVYKLDISEATQVEQHHRRTD 
l\<TIST ASDTPSA TTAAGPPKAENTNTSKSTDFLDPATTTSPQNHSET 
AGNNNTHHQDTGEESASSGKLGLITNTIAGV AGLITGGRRTRREAI 
VNAQPKCNPNLHYWTTQDEGAAIGLAWIPYFGPAAEGIYIEGLMH 
NQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLQR 
WGGTCHILGPDCCIEPHDWTKNITDKIDQTIHDFVDKTLPDQGDND 
NWWTGWRQWIPAGIGVTGVIIAvlALFClCKFVF 

[0007] The :t\1akona isolate sequence is provided at GenBank Accession No. AJG44192 (SEQ 

ID NO:28). As above, the fIrst underlined portion shows the N-terminus for the GPl protein. 

TIle preceding signal peptide is cleaved off during processing. Shov.rn in bold is the furin 

cleavage site. Following the bold text, the N-terminus for the GP2 protein is shown. See also 

Figure 7B. 

MGVTGILQLPRDRFKRTSFFLWVllLFQR'!FSIPLGVIRNSTLQVSDV 
DKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSVTKRWGFRSGV 
PPKVVNYEAGEW AENCYNLEIKKPDGSECLPAAPDGlRGFPRCRY 
VHKVSGTGPCAGDFAFHKEGAFFLYDRLASTVIYRGTTFAEGVVA 
FLILPQAKKDFFSSHPLREPVNATEDPSSGYYSTTIRYQATGFGTNE 
TEYLFEVDNLTYVQLESRFTPQFLLQLNETIYASGKRSNTTGKLIW 
KVNPEIDTTIGEW AFWETKKNL TRKIRSEELSFTAVSN GPKNI SGQS 
P ARTSSDPETNTTNEDHKIMASENSSAL\1VQVHSQGRKAAVSHL TT 
LATISTSPQPPTTKTGPDNSTHNTPVYKLDISEATQVGQHHRRADN 
DSTASDTPPATTAAGPLKAENTNTSKSADSLDLATTTSPQNYSETA 
GNNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGRRTRREVIV 
NAQPKC1\'PNLHYWTTQDEGAAIGLA WlPYFGPAAEGIYTEGLMH 
NQDGLICGLRQLANETTQALQLFLRATTELRTFSlLNRKAIDFLLQR 
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WGGTCHlLGPDCClEPHDWTKNITDKIDQIIHDFVDKTLPDQGDND 
N\VWTG\VRQVvlPAGIGVTGV1IAvlALFCICKFVF 

[0008] The ability of the vaccine compositions to stimulate immune responses was confimled in 

three animal models. First, a mouse model was used. A recombinant EBOV!Mak full length GP 

nanopartide vaccine formulated with Matrix-M, AIP04 or saline was evaluated. Immunization of 

mice ,vith non-adjuvanted or AIP04 adjuvanted EBOViIvlak GP induced modest antibody and 

cellular responses; however, when adjuvanted with Matrix-l\{ purified EBOVlMak GP 

nanoparticles were highly immunogenic and protective in a murine challenge model. 

Immunization of mice with Matrix-M adjuvanted EBOV/1V[ak GP resulted in a significant 

increase in anti-EBOV/!vlak GP IgG and Ebola virus neutralizing antibody. Immunization with 

the Ivlatrix-M adjuvanted EBOV/Mak GP conferred 100% protection from a lethal Ebola virus 

challenge while unadjuvanted EBOV/I\1ak GP \vas only 10% protective and no protection was 

observed in mice immunized with EBOV/l\1.ak GP vvith AIP04. Thus, in particular aspects, the 

compositions disclosed herein prevent Ebola infection. 

[0009] Co-administration of the EBOV/f\,1ak GP with lVfatrix-M induced the production of a 

balanced IgGl and IgG2a subclass response. In the absence of adjuvant or with AIPO~, minimal 

IgG2a antibody was detected. Blaney et al. Antibody quality and protection fr011:1 lethal EboJa 

virus challenge in nonhuman primates immunized with rabies virus based bivalent vac.cine. PLoS 

Pathog. 2013;9(5):, showed in a rabies/BBOV chimera vaccine model in non-human primates 

(Nf\P) that the antibody isotype played a role in virus neutralization and protect.ion against Ebola 

virus challenge. Murine IgG2a antibody is the equivalent of human IgGI antibody that binds 

efficiently to IgG-Fc receptors (FcyR) and complement (Clq) (Bruhns, P. Properties of mouse 

and human IgG re(.~eptors and their contribution to disease models Blood. 2012;119: 5640-5649; 

Vidarsson G, Dekkers G, Rispens T. IgG subclasses and all oty pes: from structure to effector 

functions. Front. ImmunoL 2014;5: 520) and may help resolving viral infections e.g., through 

antibody-dependent cell-mediated cytotoxicity. All antIbodies tha.t were completely protective in 

vivo were of the IgG2a subclass; i.c. the same as human IgGI. Thus, the compositions disclosed 

herein stimulate production ofIgGl antibodies as part of a protective immune response. 

[0010J The use of the M.atrix-M adjuvant provided a dose dependent increase in the frequency of 

CD4+ and CDS+- cytokine secreting T cells as well as the number of multifunctional T cells 

producing more than one cytokine. The observation that protection from a lethal Ebola virus 
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challenge was observed only in the Matfix-M adjuvanted EBOVllYIak GP group correlated v.rith 

the enhanced production of multifunctional T cells. 

[0011] The use of Matrix-M increased the frequency of GC B cells in the spleen and long bV,ed 

plasma cells in the bone marrow. GCs are the micro-anatomic locations for B cell 

differentiation, somatic hypermutation, antibody class-switching and formation of memory B 

cells. Co-administration of the EBOV/Mak GP with the saponin adjuvant Matrix-M also resulted 

in an increase of the numbers of TFH cells which facilitate GC B cell differentiation and 

development. TI1e increased frequencies ofGC and TFH cells induced by Matrix.-M adjuvantation 

correlated with the enhanced magnitude of the antibody response and the induction of a greater 

numbers of long-lived plasma cell, suggesting the Matrix-M adjuvanted EBOV/Mak GP vaccine 

ma.y induce an especially durable antibody response. 

[0012] Each dose of Ebola GP may be combined with adjuvant. Administering Matrix-M 

adjuvant with purified EBOVlMak GP nanopartides provides robust stimulation of the anti­

EBOVlMak GP immune response resulting in 100% protective efficacy in the mouse model. The 

compositions and methods disclosed herein provide a. more rapid onset of anti-EBOV/:Mak GP 

IgG a.nd Ebola virus neutralization antibodies, increased concentration of IgG2a, as well as 

increased frequency of multifunctional CD4+ and CD8+ T cells, Trn cells, germinal center B 

cells and persistence ofEBOVlMak GP-specific plasma B cells in the bone marrow. 

[0013] Analysis of the mouse study thus confirm..;; that the compositions disclosed herein 

provided complete protection. To further establish the protective effect, studies were perfonned 

in two separate non-human primate models: Baboon and macaques. See Peny et aI., "The 

Baboon (Papio spp.) as a model of human Ebola virus infection," Viruses. 2012 Oct 

23;4(10):2400-16; Geisbert et aI., "Pathogenesis of Ebola hemorrhagic fever in cynomolgus 

macaques: evidence that dendritic cells are early and sustained targets of infection," Am J Pathol. 

2003 Dec;163(6):2347-70. Accordingly, in some aspects of the disclosure a protective effect 

includes a reduction on viral load beneath the ability of RT-PCR to detect after about 7 days, 

about 10 days, about 14 days, or about 21 days, after virus exposure. 

[0014] The non-human primate studies further confirmed that the compositions disclosed herein 

are protective. Ebola GP nanoparticles were evaluated without adjuvant and with either Alum or 

J\,1atrix M adjuvants. See Example 23. The immune responses in baboons were extremely robust 

and sustained. Notably, the inclusion of J\,-1atrix M led to a greater immune response than with 
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Alum. The results 'with the macaque model were particularly unexpected. See Examples 24 and 

24. 111e compositions not only protected against challenge with live Ebola vaccine, the amount 

of Ebola RNA was undet{~ctable at Day 10 following challenge with live virus. See Figure 48. 

Notably, in one macaque subject, there was a small signal about Day 7; however, by Day 10, 

levels had returned below the limit of detection. In contrast, exposure of untreated animals to 

live Ebola virus resulted in infe(.:tion and disease such that the subject was euthanized at Day 9. 

Modified Antigens 

[0136] The antigens disclosed herein enc,ompass variations and mutants of those antigens. In 

certain aspects, the antigen may share identity to a disclosed antigen. Generally, and unless 

specifically defined in context of a specifically identified antigens, the percentage identity may 

be at least 80%, at least 90%, at least 95%, at least 97%, or at least 98%). Per(.~entage identity can 

be calculated usmg the alignment program Clustal\V2, available at 

vv'Ww.ebi.ac.uk/Tools/msa/clustahv21. The following default parameters may be used for 

Pairwise alignment: Protein Weight Matrix = Gonnet; Gap Open = 10; Gap Extension = 0.1. 

[01371 In particular aspects, the protein containf..~d in the nanoparticIes consists of that protein. In 

other aspects, the protein contained in the nanopartides comprise that protein. Additions to the 

protein itself may be for various pur}Joses. In some aspects, the antigen may be extended at the 

N-terminus, the C -terminus, or both. In some aspects, the extension is a tag useful for a function, 

such as purification or detection. In some aspects the tag contains an epitope. For example, the 

tag may be a poly glutamate tag, a FLAG-tag, a HA-tag, a polyHis-tag (having about 5-10 

histidines), a Myc-tag, a Glutathione-S-transferase-tag, a Green fluorescent protein-tag, Maltose 

binding protein-tag, a Thioredoxin-tag, or an Fe-tag. In other aspects, the extension may be an 

N-terminal signal peptide fused to the protein to enhance expression. While such signal peptides 

are often cleaved during expression in the cell, some nanoparticies may contain the antigen Vi.~th 

an intact signal peptide. Thus, when a nanoparticle comprises an antigen, the antigen may 

contain an extension and thus may be a fusion protein when incorporated into nanoparticles. For 

the purposes of calculating identity to the sequence, extensions are not included. 

101381 In some aspects, the antigen may be truncated. For example, the N-terminus may be 

truncated by about 10 amino acids, about 30 amino acids, about 50 amino acids, about 75 arnino 

acids, about 100 amino acids, or about 200 amino acids. The C-terminus may be truncated 

35 



instead of or in addition to the N-terminus. For example, the C-temlinus may be truncated by 

about 10 amino acids, about 30 amino acids, about 50 amino acids, about 75 amino acids, about 

100 amino acids, or about 200 amino acids. For purposes of calculating identity to the protein 

having truncations, identity is measured over the renlaining portion of the protein. 

Combination Nanoparticies 

[0139] A combination nanopartic1e, as used herein, refers to a nanoparticle that induces immune 

responses against two or more different pathogens. Depending on the particular combination, 

the pathogens may be different strains or sub-types of the same species or the pathogens may be 

different species. To prepare a combination nanoparticle, glycoproteins from multiple pathogens 

may be combined into a single nanopaltic1e by binding them at the detergent exchange stage. 

The binding of the glycoproteins to the column followed by detergent exchange permits multiple 

glycoproteins types to form around a detergent core, to provide a combination nanopartic1e. 

[0140] The disclosure also provides for vaccine compositions that induce immune responses 

against two or more different pathogens by combining two or more nanopartic1es that each 

induce a response against a different pathogen. Optionally, vaccine compositions may conta.in 

one or more combination nanopartic1es alone or in combination with additional nanoparticles 

with the purpose being to maximize the immune response against multiple pathogens while 

reducing the number of vaccine compositions administered to the subject. 

[0141] Such compositions are particularly desirable when the pathogens are connected in some 

aspect. In one example, a composition may contain nanopartic1es against the strains identified 

annually by authorities as forming a particular year's seasonal influenza. Typically, for a 

seasonal influenza vaccine, a vaccine composition contains HA and/or NA nanopartic1es that 

induce immune responses against a strain of three, four, or five influenza sub-types. Thus, 

different strains of influenza may be combined in a vaccine composition. In some aspects, the 

combination nanoparticle may contain an HA protein from a first strain and an NA protein from 

a second strain. In other aspects, a nanoparticle may contain one or more HA and one or more 

NA proteins from the same or different sub-types. For example, a nanoparticle may contain one 

or more HA nanopartic1es selected from the sub-types HI, H2, H3, H4, H5, H6, H7, H8,H9, 

H10, Hll, H12, H13, H14, H15 and H16 and/or one or more NA nanoparticles selected from the 
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sub-types Nl, N2, N3, N4, N5, N6, N7, N8 and N9. PhylogeneticaHy, the HA and NA proteins 

are split into groups. For HA, Group 1 contains Hl, H2, H5, H6, H8, H9, Hll, HI2, H13, and 

H16, and group 2 contains H3, H4, H7, HIO, H14, and Hi5. NA proteins also form t\l,O groups: 

Group 1 contains Nl, N4, N5, and NS, and Group 2 contains N2, N3, N6, N7, and N9. In certain 

aspects, the antigen may have at least 90~'o identity, at least 95% identity, at least 97% identity, 

or at least 99% to the native influenza HA protein and/or to the NA protein. 

[0142] In another t~xample, influenza and RSV both cause respiratory disease and HA, NA, 

andlor RSV F may therefore be mixed into a combination nanoparticle or multiple nanoparticles 

may be combined in a vaccine composition to induce responses against RSV and one or more 

influenz.a strains. 

Vaccine Compositions 

[0143] Compositions disclosed herein may be used either prophylactically or therapeutically, but 

will typically be prophylactic. Accordingly, the disclosure includes methods for treating or 

preventing infection. The methods involve administering to the subject a therapeutic or 

prophylactic amount of the immunogenic compositions of the disclosure. Preferably, the 

pharmaceutical composition is a vaccine composition that provides a protective effect. In other 

aspects, the protective effect may include amelioration of a symptom associated with infection in 

a percentage of the exposed population. For example, depending on the pathogen, the 

composition may prevent or reduce one or more virus disease symptoms selected from: fever 

fatigue, muscle pain, headache, sore throat, vomiting, diarrhea, rash, symptoms of impaired 

kidney and liver function, internal bleeding and external bleeding, compared to an untreated 

subject. 

[01441 TIle nanoparticles may be formulated for administration as vaccines in the presence of 

varioll<; excipients, buffers, and the like. For example, the vaccine compositions may contain 

sodium phosphate, sodium chloride, and/or histidine. Sodium phosphate fl:lay be present at about 

10 mM to about 50 mM, about 15 ml'vI to about 25 mM, or about 25 mM; in particular cases, 

about 22 mM sodium phosphate is present. Histidine may be present about 0.1~·~ (w/v), about 

0.5% (w/v), about 0.7% (w/v), about 1% (w/v), about 1.5% (w/v), about 2%) (w/v), or about 

2.5% (",,/v). Sodium chloride, when present, may be about] 50 mM. In certain compositions, for 
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example influenza vaccines, the sodium chloride may be present at higher amounts, including 

about 200 mM. about 300 m .. M:, or about 350 mM. 

[0145] Certain nanoparticles, particularly RSV F nanoparticles, have improved stability at 

slightly acidic pH levels. For example, the pH range for composition containing the 

nanoparticles may be about pH 5.8 to about pH 7.0, about pH 5.9 to about pH 6.8, about pH 6.0 

to about pH 6.5, about pH 6.1 to about pH 6.4, about pH 6.1 to about pH 6.3, or about pH 6.2. 

Typically, the composition for RSV F protein nanoparticles is about pH 6.2. In oth.er 

nanoparticles, the composition may tend towards neutral; for exanlple, influenza nanoparticles 

may be about pH 7.0 to pH 7.4; often about pH 7.2. 

Adjuvants 

[0146] In certain embodiments, the compositions disclosed herein may be combined with one or 

more adjuvants to enhance an immune response. In other embodiments, the compositions are 

prepared without adjuvants, and are thus available to be administered as adjuvant-free 

compositions. Advantageously, adjuvant-free compositions disclosed herein may provide 

protective immune responses when administered as a single dose. Ahml-free compositions that 

induce robust immune responses are especially useful in adults about 60 and older. 

Aluminum-based adjuvants 

[0147] In some embodiments, the adjuvant may be alum (e.g. AlP04 or Al(OHh). Typically, dle 

nanoparticle is substantially bound to the alum. For example, the nanoparticie may be at least 

80% bound, at least 85% bound, at least 90% bound or at least 95% bound to the alum. Often, 

the nanoparticle is 92% to 97% bound to the alum in a composition. The amount of alum is 

present per dose is typically in a range between about 400 Ilg to about 1250 ~lg. For example, 

the alum may be present in a per dose amount of about 300 Ilg to about 900 Ilg, about 400 J.lg to 

about 800 J.lg, about 500 Ilg to about 700 ~lg, about 400 ~lg to about 600 Ilg, or about 400 ~g to 

about 500 Ilg. Typically, the alum is present at about 400 ~g for a dose of 120 j..Lg of the protein 

nanoparticie. 

Saponin Adjuvants 

[0148] Adjuvants containing saponin may also be combined with the immunogens disclosed 

herein. Saponins are glycosides derive.d from the bark of the Quillqja saponaria Molina tree. 
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Typically, saponin is prepared using a multi-step purification process resulting in multiple 

fractions. As used, herein, the term "a saponin fraction from Quillaja saponaria Molina" is used 

generically to describe a semi-purified or defined saponin fraction of Quillaja sapcmaria or a 

substantially pure fraction thereof. 

Saponin fractions 

[0149] Several approaches for producing saponin fractions are suitable. Fractions A, B, and C 

are described in U.S. Pat. No. 6,352,697 and may be prepared as follo\vs. A lipophilic fraction 

from Quil A, a crude aqueous Quillaja saponaria Molina extract, is separated by 

chromatography and eluted with 70% acetonitrile in water to recover the lipophilic fraction. This 

lipophilic fraction is then separated by semi-preparative HPLC vvith elution using a gradient of 

from 25%, to 60% acetonitrile in acidic water. The fraction referred to herein as "Fraction A" or 

"QH-A" is, or corresponds to, the fraction, which is eluted at approximately 39% acetonitrile. 

The fraction referred to herein as "Fraction B" or "QH-B" is, or corresponds to, the fraction, 

which is eluted at approximately 47% acetonitrile. The fraction referred to herein as "Fraction C" 

or "QH-C" is, or corresponds to, the fraction, which is eluted at approximately 49'% acetonitrile. 

Additional information regarding purification of Fractions is found in U.S Pat No. 5,057,540. 

When prepared as described herein, Fractions A, Band C of Quillaja saponaria Molina each 

represent groups or families of chemically closely related molecules with definable properties. 

The chromatographic conditions under which they are obtained are such that the batch-to-batch 

reproducibility in terms of elution profile and biological activity is highly consistent. 

(0150] Other saponin fractions have been described. Fractions B3, B4 and B4b are described in 

EP 0436620. Fractions QAI-QA22 are described EP03632279 B2, Q-VAC (Nor-Feed, AS 

Denmark), Quillaja saponaria Molina Spikoside (lsconova AB, Ultunaallen 2B, 75651 Uppsala, 

Sweden). Fractions QA-l, QA-2, QA-3, QA-4, QA-5, QA-6, QA-7, QA-8, QA-9, QA-IO, QA-

11, QA-12, QA-13, QA-14, QA-15, QA-16, QA-17, QA-18, QA-19, QA-20, QA-21, and QA-22 

of EP 0 3632 279 B2, especially QA-7, QA-17, QA-18, and QA-21 may be used. They are 

obtained as described in EP ° 3632 279 B2, especially at page 6 and in Example 1 on page 8 and 

9. 

[0151] The saponin fractions described herein and used for forming adjuvants are often 

substantially pure fractions; that is, the fractions are substantially free of the presence of 
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contamination from other materials. In particular aspects, a substantially pure saponin fraction 

may contain up to 40% by weight, up to 30% by weight, up to 25% by weight, up to 20% by 

weight, up to 15% by weight,~ up to lO% by weight, up to 7% by weight, up to 5% by weight, up 

to 2% by weight, up to 1% by weight, up to 0.5% by weight, or up to 0.1% by weight of other 

compounds such as other saponins or other adjuvant materials. 

ISCOM Structures 

[0152] Saponin fractions may be administered in the foml of a cage-like particle referred to as an 

ISCOM (Immune ~timulating COMplex). ISCOMs may be prepared as described in 

EP0109942Bl, EP0242380Bl and EP0180546 BI. In particular embodiments a transport and/or 

a passenger antigen may be used, as desc:ribed in EP 9600647-3 (PCT/SE97/00289). 

MatrL~ Adjuvants 

[01531 In some aspects, the ISCOM is an ISCOM matrix complex. An ISCOM matrix complex 

comprises at least one saponin fraction and a lipid. The lipid is at least a sterol, such as 

chol(..'Sterol. In particular aspects, the ISCOM matrix complex also contains a phospholipid The 

ISCOM matrix complexes may also contain one or more other immunomodulatory (adjuvant­

active) substances, not necessarily a glycoside, and may be produced as described in 

EP0436620B 1. 

[0154] In other aspects, the ISCOM is an ISCOM complex. An ISCOM complex contains at 

least one saponin, at least one lipid, and at least one kind of antigen or epitope. The ISCOM 

complex contains antigen associated by detergent treatment such that that a portion of the antigen 

integrates into the particle. In contrast, ISCOM matrix is fOlmulated as an admixture with 

antigen and the association between ISCOM matrix particles and antigen is mediated by 

electrostatic andlor hydrophobic interactions. 

[01551 According to one embodiment, the saponin fraction integrated into an ISCOM matrix 

complex or an ISC0.M complex, or at least one additional adjuvant, which also is integrated into 

the ISCOM or ISCOM matrix complex or mixed therewith, is selected from fraction A, fraction 

B, or fraction C of Quillaja saponaria, a semipurified preparation of Quillaja saponaria, a purified 

preparation of Quillaja saponaria, or any purified sub-fraction e.g., QA 1-21. 

(0156] In particular aspects, each ISCOM particle may contain at least two saponin fractions. 

Any combinations of weight % of different saponin fractions may be used. Any combination of 
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weight % of any two fractions may be used. For example, the particle may contain any weight ~.~ 

of fraction A and any weight % of another saponin fraction, such as a crude saponin fraction or 

frac.~tion C, respectively. Accordingly, in particular aspects, each ISCo.M matrix particle or each 

ISCOM complex particle may contain from 0.] to 99.9 by weight, 5 to 95% by weight, 10 to 

90% by weight 15 to 85% by weight, 20 to 80% by weight, 25 to 75% by \veight, 30 to 70~·.-o by 

weight, 35 to 65% by weight, 40 to 60~'o by weight, 45 to 55% by wl~ight, 40 to 60% by weight, 

or 50% by weight of one saponin fraction, e.g. fraction A and the rest up to 1 OO~'O in each case of 

another saponin e.g. any crudl~ fra(...iion or any other faction (~.g. fraction C. The weight is 

calculated as the total weight of the saponin frac,'tions. Examples of ISCOM matrix complex and 

ISCOM complex adjuvants are disclosed in US Published Application No. 2013/0129770. 

[0157j In particular embodiments, the ISCOrVI matrix or ISCOM complex comprises from 5-

99% by weight of one fraction, e.g. fraction A and the rest up to 100% of weight of another 

fra("iion e.g. a crude saponin fraction or fraction C. The weight is calculated as the total weight of 

the saponin fractions. 

[01581 In another embodiment, the ISCOM matrix or ISCOM complex comprises from 40% to 

99%1 by weight of one fraction, e.g. fraction A and from 1 <;~ to 60% by weight of another 

fraction, e.g. a crude saponin fraction or fraction C. The weight is calculated as the total weight 

of the saponin fractions. 

[01591 In yet another embodiment, the ISCOM matrix or ISCOM complex comprises from 70% 

to 95% by weight of one fraction e.g., fraction A, and from 30% to 5% by weight of another 

fraction, e.g., a crude saponin fraction, or fraction C. The weight is calculated as the total weight 

of the saponin fractions. In other embodiments, the saponin fraction from Quillaja saponaria 

.Molina is selected from anyone of QA 1-21. 

10160] In addition to particles containing mixtures of saponin fractions, IS COM matrix particles 

and ISCOM complex particles may each be formed using only one saponin fraction. 

Compositions disclosed herein may contain multiple particles wherein each particle contains 

only one saponin fraction. That is, certain compositions may contain one or more different types 

of ISCo.M-matrix complexes particles and/or one or more different types of ISCOM complexes 

particles, where each individual particle contains one saponin fraction from Quillaja saponaria 

Molina, wherein the saponin fraction in one complex is different from the saponin fraction in the 

other complex particles. 

41 



r0161} In particular aspects, one type of saponin fraction or a crude saponin fraction may be 

integrated into one ISCOM matrix complex or pal1icle and another type of substantially pure 

saponin fraction, or a crude saponin fraction, may be integrated into another ISCOM matrix 

complex or particle. A composition or vaccine may comprise at least two types of complexes or 

particles each type having one type of saponins integrated into physically different particles. 

[0162] In the compositions, mixtures of ISCOM matrix complex particles and/or ISCOM 

complex particles may be used in which one saponin fraction Quillaja saponaria Molina and 

another saponin fraction Quillaja saponaria Molina are separately incorporated into different 

ISCOM matrix complex particles andlor ISCOM complex particles. 

[0163] The ISCOM matrix or ISCOM complex particles, which each have one saponin fraction, 

may be present in composition at any combination of weight %l. In particular aspects, a 

composition may contain 0.1% to 99.9% by weight, 5% to 95% by weight, 10% to 90% by 

weight, 15% to 85% by weight, 20% to 80% by weight, 25% to 75% by weight, 30% to 70% by 

weight, 35% to 65% by weight, 40% to 60% by weight, 45% to 55% by weight, 40 to 60% by 

weight, or 50% by weight, of an ISCOM matrix or complex containing a first saponin fraction 

Vv1.th the remaining portion made up by an ISCOM matrix or complex containing a different 

saponin fraction. In some aspects, the remaining portion is one or more ISCOM matrix or 

complexes where each matrix or complex particle contains only one saponin fraction. In other 

aspects, the ISCOM matrix or complex particles may contain more than one saponin fraction. 

[0164] In particular compositions, the saponin fraction in a first ISCOM matrix or ISCOM 

complex particle is Fraction A and the saponin fraction in a second ISCOM matrix or ISCOM 

complex particle is Fraction C. 

[0165] Preferred compositions comprise a first ISCOM matrix containing Fraction A and a 

second ISCOM matrix containing Fraction C, wherein the Fraction A ISCOM matrix constitutes 

about 70% per weight of the total saponin adjuvant, and the Fraction C ISCOM matrix 

constitutes about 3(1% per weight of the total saponin adjuvant. In another preferred 

composition, the Fraction A ISCOM matrix constitutes about 85% per weight of the total 

saponin adjuvant, and the Fraction C ISCOM matrix constitutes about 15% per weight of the 

total saponin adjuvant. Thus, in certain compositions, the Fraction A ISCOM matrix is present 

in a range of about 70% to about 85%, and Fraction C ISCOM matrix is present in a range of 

about 15% to about 30%, of the total weight amount of saponin adjuvant in the composition. 
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Exemplary QS-7 and QS-21 fractions, their production and their use is described in u.s Pat. 

Nos. 5,057,540; 6,231,859; 6,352,697; 6,524,584; 6,846,489; 7,776,343, and 8,173,141, which 

are incorporated by reference for those disclosures. 

Other A(~iuvants 

[0166] In some, compositions other adjuvants may be used in addition or as an alternative. The 

inclusion of any adjuvant described in Vogel et aI., "A Compendium of Vaccine Adjuvants and 

Excipients (2nd Edition), It herein incorporated by reference in its entirety for all purposes, is 

envisioned vY'ithin the scope of this disclosure. Othm adjuvants include complete Freund's 

adjuvant (a non-specific stimulator of the immune response containing killed Mycobacterium 

tuberculosis), incomplete Freund's adjuvants and aluminum hydroxide adjuvant. Other adjuvants 

comprise GMCSP, BCG, J\1DP compounds, such as thur-IVIDP and nor-JVIDP, CGP (J'vITP-PE), 

lipid A, and monophosphoryl lipid A (MPL), MF-59, RIBI, which contains three components 

extracted from bacteria, l\1PL, trehalose dimycolate (TDM) and cell wall skeleton (CWS) in a 

2% squaleneiTweencl{j 80 emulsion. In some embodiments, the adjuvant may be a paucilamellar 

lipid vesicle; for example, Novasomes®. Novasomes® are paucilamellar nonphospholipid 

vesicles ranging from about 100 nm to about 500 nm They comprise Brij 72, cholesterol, oleic 

acid and squalene. Novasomes have been shoVv'l1 to be an effective adjuvant (see, U.S. Pat. Nos. 

5,629,021,6,387,373, and 4,911,928. 

Administration and Dosage 

[01671 Compositions disclosed herein may be administered via a systemic route or a mucosal 

route or a transdermal route or directly into a specific tissue. As used herein, the tt~rm "systemic 

administration" includes parenteral routes of administration. In particular, parenteral 

administration includes subcutaneous, intraperitoneal, intravenous, intraarterial, intramuscular, or 

intrasternal il~ection, intravenous, or kidney dialytic infusion techniques. Typically, the 

systemic, parenteral administration is intramuscular injection. As used herein, the tenn. "mucosal 

administration" includes oral, intranasal, intravaginal, intra-rectal, intra-tracheal, intestinal and 

ophthalmic administration. Preferably, administration is intramuscular. 

[01681 Compositions may be administered on a single dose schedule or a multiple dose schedule. 

Multiple doses may be used in a primary immunization schedule or in a booster immunization 

schedule. In a multiple dose schedule the various doses may be given by the same or different 
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routes e.g., a parenteral prime and mucosal boost, a mucosal prime and parenteral boost, etc. In 

some aspects, a follow-on boost dose is administered about 2 weeks, about 3 weeks, about 4 

weeks, about 5 weeks, or about 6 weeks after the prior dose. Typically,. however, the 

compositions disclosed herein are administered only once yet still provide a protective immune 

response. 

[0169] In some embodiments, the dose, as measured in J.lg, may be the total weight of the dose 

including the solute, or the weight of the RSV F nanopa.rticles, or the weight of the RSV F 

protein. Dose is measured using protein concentration assay either A280 or ELISA. 

[0170] The dose of antigen, including for pediatric administration, may be in the range of about 

30 ~tg to about 300 J.lg, about 90 J.lg to about 270 J.lg, about 100 J.lg to about 160 Ilg, about 110 Ilg 

to about 150 ~lg, about 120 J.lg to about 140 J.lg, or about 140 Ilg to about 160 J.lg. In particular 

embodiments, the dose is about 120 J.lg, administered with alum. In some aspects, a pediatric 

dose may be in the range of about 30 ~lg to about 90 J.lg. Certain populations may be 

administered with or without adjuvants. For example, when administered to seniors, preferably 

there is no alum. In certain aspects, compositions may be free of added adjuvant. In such 

circumstances, the dose may be increased by about 10%. 

[0171] In some embodiments, the dose may be administered in a volume of about 0.1 mL to 

about 1.5 mL, about 0.3 mL to about 1.0 rnL, about 0.4 mL to about 0.6 mL, or about 0.5 mL, 

which is a typical amount. 

[0172] In particular embodiments for an RSV vaccine, the dose may comprise an RSV F protein 

concentration of about 175 J.lgirnL to about 325 J.lg/mL, about 200 J.lg/mL to about 300 J.lg/mL, 

about 220 ~g/mL to about 280 J.lg/mL, or about 240 J.lg/mL to about 260 J.lg/mL. 

[0173] All patents, patent applications, references, and journal articles cited in this disclosure are 

expressly incorporated herein by reference in their entireties for all purposes. 

EXAMPLES 

EXAMPLE 1 

Expression and Purification of an RSV F protein 

[0174] An RSV F protein having SEQ ID NO: 8 was expressed in a baculovirus expression 

system and recombinant plaques expressing the RSV F protein were picked and confimled. The 
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recombinant virus was then amplified by infection of Sf9 insect cells, A culture of insect cells 

was infected at '~3 MOl (Multiplicity of infection = virus ffu or pfu/ceIl) '.vith baculovirus. The 

culture and supernatant vvere harvested 48-72 hrs post-infection. The crude cell harvest, 

approximately 30 mL, was darified by centrifugation for 15 minutes at approximately 800 x g. 

The resulting crude cell harvests containing the RSV F protein were purified as described below. 

[0175J Non-ionic surfactant Tergitol® l\'P-9 (Nonylphenol Ethoxylate) was used in the 

membrane protein extraction protocoL NP-9 ,vas Crude extraction was further purifit~d by 

passing through anion exchange chromatography, lentil lectin affinity/HIe and cation exchange 

chromatography. The washed cells \vere lysed by detergent treatment and then subjected to low 

pH treatment which leads to precipitation of BV and Sf9 host cell DNA and protein, The 

neutralized low pH treatment lysate is clarified and further purified on anion exchange and 

affinity chromatography behn'e a second low pH treatment is performed. 

[0176] Affinity chromatography was used to remove Sf9/BV proteins, DNA and NP-9, as well 

as concentrate the RSV F protein. Briefly, lentil lectin is a meta.Jloprotein containing calcium 

and manganese, which reversibly binds polysaccharides and glycosylated proteins containing 

glucose or mannose. The RSV F-containing anion exchange flow through fraction was loaded 

onto the lentil lectin affinity chromatography resin (Capto Lentil Lectin, GE Healthcare). The 

glycosylated RSV F protein selectively binds to the resin while non-glycosylated proteins and 

DNA are removed in the column How through. Weakly bound glycoproteins were removed by 

buffers containing high salt and low molar concentration of methyl alpha-D~mannopyranoside 

(Ml\1P). 

[0177} In addition, the column washes were also used to detergent exchange the NP-9 detergent 

with the surfactant polysorbate 80 (PS80). To perfoml the detergent exchange, the column was 

incubated with 0.1 % PS80 after binding of the RSV F glycoprotein to the lentil lectin column. 

The RSV F protein was eluted from the lentil lectin column with a high concentration of IV[]\;fP. 

After elution, the RSV F protein trimers are assembled into micelle nanopartic1es composed of 

RSV F protein trimers and PS80 contained in a detergent core. After detergent exchange there 

was a low pH inactivation step followed by incubation on a sulfate column in the presence of 

buffer with PS80 at 0.1 %. 

[01781 The eluted material was diluted in a solution containing PS80 adequate to provide a Drug 

Substance (DS) for bulk storage \V·ith a molar ratio of PS80: RSV F protein of about 50. The 
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adequate composition of the DS was achieved by combining the RSV F nanoparticles in a 

solution comprising phosphate buffer at 22 mM sodium phosphate, 0.03% PS80, and a pH of 6.2. 

At each step during and after detergent exchange, the antigen to PS80 ratio in the composition 

was maintained at a molar ratio between 35 and 60. The molar ratio was calculated using the 

PS80 concentration and RSV F concentration, as measured by ELISAlA280, and their respective 

molecular weights. The molecular weight of PS80 is 1310 and for RSV is 65kD. 

EXAMPLE 2 

Preparation of a Vaccine Composition 

[0179] To provide nanopartic1es for an administered vaccine product, the Drug Substance was 

diluted into a Drug Product, with a PS80:RSV protein molar ratio of about 50. Drug Substance 

was thawed, diluted and filled into glass vials or pre-filled syringes for storage at 2-8°C prior to 

administration. The nanopartic1es bound to alum adjuvant. The alum adjuvant was added and 

mixed to ensure about 95% of the nanopartic1es are bound to the alum is bound, meaning about 

0.4 mg per 120 !J.g dose ofRSV F nanopartic1e in a 0.5 mL volume. 

EXAMPLE 3 

Chal'acterization ofRSV F Glycopl'oteins in Nanoparticles 

[0180] We analyzed protein structure in the nanopartic1es by various analytical techniques. 

Figure 3 shows that the highest peak of RSV F protein produced contains palmitoleic acid (Peak 

2A). The second largest peak contains palmitic acid (Peak 2B). Residual peaks were obtained 

lacking either fatty acid (Peak 5) and in soluble form (Peak I). Analysis on SDS-PAGE gel 

separated additional variants, including the F1+2 protein, FI, FIA, FIB, and FIC portions as 

well as F2. See Figure 4. Analysis of the peptide stmcture was performed using peptide 

mapping. See Figure 5. To assess the glycan structures on the RSV F glycoproteins, HPLC­

FLD was pelformed. The results demonstrated that the major glycan structures are fucosylated. 

EXAMPLE 4 

Examination ofRSV F' Nanoparticles by Electron Microscopy 
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[01811 Nanopartic1es as prepared in Example 1 were visualized by electron microscope. The 

results confirmed formation of nanoparticles containing the RSV F glycoproteins surrounding 

the detergent core. The precise composition of the detergent core remains unclear. Figure 6 

illustrates the types of nanoparticles obtained. The RSV F proteins maintained trimer structure 

even after the detergent exchange. Several types of nanopartic1es were obtained that vary in the 

number of trimers/nanoparticle and in morphology. Figure 6 shows that multiple trimers can be 

found around the detergent core. In the highlighted portion seven trimers are shoVvTI surrounding 

the detergent. The main panel in Figure 6 illustrates the range of trimers around the detergent 

core that are produced. The cartoon structure of the RSV F protein trimer in the bottom left 

panel illustrates the orientation of the trimers with the bottom portion associated with to the 

detergent core, facilitated by the fatty acids attached to each RSV F glycoprotein. 

EXAMPLE 5 

Particle Characterization of RSV F Nanoparticles 

[Ol82} Dynamic light scattering (DLS) was utilized to determine the size distribution profile of 

the nanoparticles by measuring changes in light scattering patterns of particles in Brownian 

motion. Nanoparticle sizes were able to be determined as a linear function of the concentration of 

ionic detergent versus the concentration of the RSV F nanoparticles (see figures 7 and 8). 

[0183] Analytical ultracentrifugation (AUC) was used to measure the progression of the sample 

concentration versus the axis of rotation profile as a result of the applied centrifugal field. Figure 

8 reveals that predominantly two shapes of nanopartides emerge based upon the concentration of 

nanopartic1es present. Nanopatiicle types obtained include monomeric and dimeric anisotropic 

rods, and spherical oligomers. Structure intermediates between these two nanoparticle types form 

at concentrations between those that result in anisotropic rods and spherical oligomers. Figure 9 

shows that nanoparticle type can be controlled by modulating the concentration of the RS V F 

protein, with higher concentrations (1 mg/mL) resulting in a predominant population of spherical 

oligomers, while lower concentrations (0.22 mg/mL) resulting in predominant populations of 

monomeric/dimeric anisotropic rods. These data illustrate that the detergent amounts and the 

RSV F concentration can be controlled to arrive at nanoparticle have a particular diameter (z­

ave) from 20 run to 60 nm. 
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EXAMPLE 6 

ENHANCED STABILITY OF NANOPARTICLES: MOLECULAR 
CHARACTERIZATION 

[0184J The five stressors utilized were thermal stress at 50°C with time points at 48 hours, one 

week, and two weeks; low pH (3.7 at 25°C) 'with time points at 48 hours, four days, and one 

week; high pH (10 at 25°C) with time points at 24 hours, 48 hours, and one week; hydrogen 

peroxide oxidation at 25°C with time points at 12 hours, 48 hours, and one week; and physical 

agitation at 25°C with time points at four hours, 24 hours, and one week. 

[0185] After the various stress treatments differences in the primary structure were assessed. 

Figure 10 shows a comparison of how palticular regions sUlvived stress relative to a control. The 

data show that the nanopartic1es have excellent stability across the entire protein, and that only 

the especially harsh oxidation test llsing hydrogen peroxide was able to degrade the protein to 

any particular extent. However, even that treatment did not reduce the structural integrity of 

antigenic site II, which is the target of palivizumab. Indeed, even with the harsh oxidation the 

RSV-F protein only deteriorated structurally at positions 63-82, 237-258, and 360-364. 

Accordingly, even after being subjected to harsh stress, the nanopartic1es remained substantially 

intact. 

[0186] Figure 11 further quantifies nanopartic1e stability regarding antigenic site II. The data 

show that in response to each of thermal stress, low pH, high pH, and agitation that the antigenic 

site II remained intact to the extent of 90% in each ofthe samples. 

EXAMPI-,E7 

ENHANCED STABILITY OF NA,.~OPARTICLES: l\'1AINTAL~ED IMMUNOGENIC 
PROPERTIES 

[0187] The stressed vaccme compositions described in Example 6 were evaluated for 

immunogenicity in a murine model. lbe vaccines were administered to mice via two 

intramuscular injections across a range ofRSV F doses consisting of 0.15, 0.45, 1.3,4, and 12 

~lglmL of RSV F protein. RSV F composition stressed under the following conditions, 

accompanied by a control (thawed from storage at -70°C), were administered: 50°C for two 

weeks, the pH 10 at 25°C for one week, 0.5% hydrogen peroxide at 25°C for one w-eek. 
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[0188] lhe immune response vvas evaluated with regard to the presence of anti-RSV F IgG, peA 

titers, and the presence of RSV A neutralizing antibodies. The physical and chemical stressors 

did not significantly affect, in vivo, the RSV F protein immunogenicity. The stressed samples 

induced similar anti-RSV F IgG antibody titers and comparable ftmctional peA and RSV A 

neutralizing titers to those of the unstressed RSV F nanoparticle vaccine composition control. 

. (See Figures l2A -12D). Collectively, these forced degradation studies indicate that even when 

exposed to severe environmental stresses the nanoparticles induce potent immune responses. 

EXAMPLE 8 

PROTEASE RESISTANCE OF NANOPARTICLES 

(0189] Formation of nanopatticles with improved stability is dependent on the amount of PS80 

used to produce the nanopartic1e. Figure 13 illustrates a dramatic improvement ill stability up to 

18 months when nanoparticles were fomled with 0.03% PS80 (i.e. a molar ratio of 55) compared 

to 0.015% (i.e. a molar ratio of 27). TIle left panel shows an SDS-PAGE of nanoparticles 

produced at the two concentrations at time zero. The data shows that similar results to a 

reference preparation were obtained for both the nanopartic1e preparation. Specifically, both 

show robust signals for Fl, and Fl +2 illustrating essentially no degradation. Aliquot~ of each 

preparation were then incubated at 4°C for 18 months and then run again on SDS-PAGE. The 

data on the right panel as well as the table illustrates that nanoparticles containing only 0.015% 

in the particle resulted in truncated FI. In contrast, nanoparticles prepared with 0.03% in the 

particle illustrated excellent resistance to protease. We think that maintaining a correct ratio of 

detergent and protein results in a nanoparticle having an orientation of glycoprotein with 

protease-sensitive portions protected, possibly via some steric hindrance mechanism. We further 

observed that concentrations of PS80 at or above 0.06% increased aggregate fonnation. Taken 

together the data show that optimum PS80 levels are about 0.03% to about 0.05% for 

nanoparticle stability. 

EXAMPLE 9 

PURlFICATION OF HA NANOPARTICLES 
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[0190] The TMAE column ,vas pre-equilibrated with Buffer Al (25nL\1 Tris pH7.5, 70mM 

NaCl, 0.02% NP9 for 0.5CV at Flow Rate: 9L7cm 30mLimin. Sample was loaded at 20 

mLimin (25min resident time) and then washed with EQ buffer Al (2SmM Tris pH7.S, 70mM 

NaCI, 0.02% NP-9). The purified sample was then eluted using 1.25 CV 15% Buffer B (2SmM 

Tris pH8, 1M NaCl, 0.02% NP9) followed l.Icv 100%B. A representative chromatogram is 

shown in Figure 18B. The product from the ThiAE column was applied to a Lentil lectin affinity 

chromatography column pre-equilibrated v.ith Buffer All: 25mM sodium phosphate pH6.0, 

10mM NaCl, 0.05% PS80 for 3CV (Flow Rate: I47cmlh 13mLlmin). Sample was loaded at 9.4 

min resident time- 6.SmLlmin-73.Scmlh. After loading, high-salt washing was performed with 

3CV Buffer Al2 (25mM sodium phosphate pH6.0, SOOmM NaCl, 0.5% NP-9). After the first 

wash, detergent exchange was performed by washing the column with 6CV of Buffer All 

(25mM sodium phosphate pH6.0, ] OmM NaCt, 0.05% PS80). NanoparticJes containing PS80 

were then eluted with 100% B for 3CV, Bl: Buffer B: 25mM sodium phosphate pH6.0, 10mM 

NaCI, 0.05% PS80, 500 mM. Methyl-alpha-D-1viannopyronoside. A representative 

chromatogram trace is shown in Figure I8C. The product from the lentil lectin column was 

applied to a sulfate column with 3CV Buffer Al (25ml~"I sodium phosphate pH6.0, lOmM NaCl, 

0.05% PS80), washed with 2eV Buffer Al then eluted with 100010 Buffer BI (25rriM sodium 

phosphate pH 7.5, 500mM NaCl, 0.05% PS80). The eluted product was then combined 1:1 with 

50 mM sodium phosphate pH 9 and sterile filtered. The final product was at pH 7.2. A 

chromatogram is shown in Figure l8D. Figure 18E provides a gel and western blot of various 

products obtained during the purification process from the TMAE and LL columns. Figure 18F 

shows eluate from the S03- column. 

EXAMPLE 10 

ANALYSIS OF HA NANOPARTICLE PIJRITY 

[0191] HA nanoparticles were prepared as outlined in Figs. 17 and 18. We measured purity of 

multiple HA nanopartic1e preparations using HA sequences derived from various strains (A/New 

Hampshire/1/2015, AJSwitzerland/9715293/2013, A!Hong Kong/48 0 11201 4, 

B/Phuketl3073/2013, and BlBrisbane/60/2008). The data showed that high purity preparations 

were obtained in all cases. Analysis by gel densitometlY showed purity above 93% and ranging 
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from 93% to 97%. See Figures 19A to 19H. We also analyzed purity of the three A subtype 

strains by RP-HPLC and found that purity was 83% to 85%. See Figure 191 In addition, we 

measured nanoparticle size. The nanoparticles showed a diameter between 22.0 nm and 29.9 

nm. See Fig. 19. 

EXAMPLE 11 

ANALYSIS OF HA ULTRASTRUCTURE 

[0192] Electron microscopy was performed to assess the structure of the HA nanoparticles. We 

found that, like other glycoproteins, the HA glycoproteins formed trimers that were associated 

with the PS80 detergent core. Each detergent core containe.d multiple trimers. See Figure 20. 

Using cryo-EM 2D class averaging we docked the HA trimers onto nalloparticles. f'igure 21A 

shows results of these in silk.o docking experiments. TIle upper panels show the fit for an HA 

trimer onto a first nanoparticie. The lower panel shows the fit onto another stalk of a 

nanoparticle 

(0193] For comparison, docking on VLPs was petformed. The VLPs contain a lipid bilayer into 

which the HA protein is anchored. See Fig. 2IB. The center panels show HA protein stmcture 

overlaid onto the stalk emanating from the bilayer. The right hand upper and lower panels shows 

free HA EM micrograph looking straight down onto the HA trimers, alone (upper panel) and 

with the corresponding HA structure overlaid on the EM picture (lower panel). 

EXAMPLE 12 

L'\nlUNOGENICITY ANALYSIS OF HA NANOPARTICLES CO-ADl\'llNSTERED 

wrm RSV F NANOPARTICLES 

(0194] Immunogenicity of nanoparticles 111 vaCC111es 111 a mouse model was assessed. A 

combination of nanoparticles containing two antigens (influenza HA protein from A/S\\-1tzerland 

H3 sub-type and RSV F protein) was administered. Each nanopartic1e was also administered 

separately. The vaccines were administered alone or with adjuvants AlP04 or Matrix M saponin 

adjuvant. Figure 22 shows the treatments administered to groups 1-10. Group 10, the control, 

was not treated. Treatments were administered at Days 0 and 21. We measured HAl against 

heterologous and homologous challenges. See Figs. 23A and 23B. Fig 23A shov.'S that 1vlatrix-
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aEljuvanted HA nanopartic1es stimulated particularly robust responses against homologous 

challenge. Fig. 23B shovvs that a robust HAl response was also obtained against heterologous 

influenza strain A/Texas/SO/2012 when administered with 1vfatrix M, and this response was not 

affected by co-administration with the RSV F nanoparticl.e. 

[0195] We also measured the ability of the RSV F nanoparticle component to induce formation 

of antibodies that compete with Palivizumab. Fig. 23C. The data shO\'r'S that RSV F 

nanoparticies administered alone and with either AlP04 or Matrix M induced substantial 

antibody titer of 80 llg/mL to around 700 j.Lg/mL. When both RSV F and influenza. nanoparticle 

were induced a lowered response of around 20 J.lg/mL to 40 llg/mL was obtained in the absence 

of adjuvant or with AlP04. With :Matrix lvI, however, the RSV F response was robust when 

administered alone or in combination with the HA nanopaltic1e. Measurement of RSV 

neutralizing antibodies showed a similar pattern to PCA antibodies. See Fig 23D. 

[0196] In addition, to antibody responses, we measured T cell responses induced by the vaccines 

against RSV and against influenza AlSwitzerland/9715293/2013. Figs. 23E and 23F. The data 

show robust induction of IFNy against both targets when Matrix M was used as adjuvant. 

EXAMPI,E 13 

TRYPSIN-RESISTA~"T NANOPARTICLE PRODUCTION 

[0197] Certain approaches to producing influenza can result in trypsin s(''llsitivity of the HA 

protein, which alters folding leading to reduced immunogencity and stability of vaccine 

formulations. To produce a trypsin-resistant HA nanopartic1e we used a detergent exchange 

approach employing neutral pH butTers. See Figs. 24A-C. 

[0198] Sf9 cells were infected with HA nanoparticle BV vectors MOl = 0.1; 3E6 cells/ml. Cells 

were harvested on day 3 and lysed with buffered 0.5% NP9; pH 7.5. We next pelformed anion 

exchange chromatography (Fractogel T1MAE; EMD). Fig. 24B shows an illustrative 

chromatogram. The flow through contains the HA. Following anion exchange column, detergent 

exchange was performed using a Capto Lentil Lectin column (GE) using a high salt/detergent 

wash containing 0.01% PS80; pH 7.2 and eluted also in 0.01% PS80. Fig. 24C shows an 

illustrative chromatogram for the detergent exchange process. Finally, we used Tangential flow 

filtration (TFF): 50kD MWCO filter; pH 7.2 to produce the bulk drug substance (BDS) used to 
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store the product. At the 'IFF stage and aftenvards PS80 was maintained in 0.05%, in a buffer 

with pH 7.2. 

EXAMPLE 14 

TRYPSlN-RESISTA1~T N.4.NOPARTICLE ANALYSIS 

[0199] HA nanoparticles from various strains using the pro(~ess described in Example 13 and 

production was assessed. Figure 25A shows that yield of strain A/New Hampshire/l/2015 

(H1Nl) was about 20 mg/L B strain inf1uema nanoparticles also had excellent productivity and 

purity. Figure 25B shows yield and purity of a B strain, B/Brisbane/60/08 HA, assessed as the 

bulk drug substance. Yield was about 30 mg/L. Figure 25C shovv's yield of an H3N2 strain 

showing the process gave about 96% purity and a yield of about 20 mg/L. 

Therm(){~J'namic S'tability Analysis 

[02001 Figure 25D provides a themlOdynamic profile comparison between HA nanoparticles 

produced using the trypsin-resistant neutral pH approach in Example 13 versus approaches using 

low pH purifications steps, such shown in Figure 18. The Differential Scanning Calorimetry 

(DSC) method was used to determine the thermodynamic profile of macromolecules in solution, 

specifically, by measuring the difference in heat energ), uptake between a sample solution and 

appropriate reference (buffer/solvent) by varying the temperature in a controlled manner. In 

relation to Flu HA samples, DSC has allowed us to visualize transition midpoints (Tm's), 

defined as temperatures where half the protein IS denatured/unfolded and half in the 

native/folded state. 

[0201] Additionally, DSC has given us information regarding protein conformation and the 

estimated stability profiles can be roughly extrapolated for each HA strain undergoing differing 

process conditions. The difference between HA purified by a process step that exposed the HA to 

pH 6.0 during purification vs HA purified via an alternate step (e.g MMC resin or TFF 

membrane) is shown using the B!Brisbane Iir\ as an example. The data shows Tm values are 

higher in intensity, show a shift to higher onset of 'Im for the main peak and sharper peaks 

suggesting proper folding of the IV\' when purified by the alternate step. The data for the HA 

exposed to pH 6.0, however shows I'm values that have either greatly diminished in intensity, 

show earlier onset for the 'I'm of the main peak, have significantly broadened peaks displaying 
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slow asymmetrical unfolding, and/or contain misfolded proteins and aggregation peaks at higher 

temperatures. Similar profiles were obsetved for the other strains (NCal, AlHong Kong, AI New 

Hampshire). While low pH gives rise to nanoparticies as discussed above, and while they may 

have certain application, based on these three observations in the DSC data, we conclude that the 

alternate process steps/conditions using neutral pH yield HA protein vvith significantly better 

thermodynamic and potentially improved stability profiles. 

Trypsifl Re~'istaflce 

[0202] Figure 26 illustrates the improved trypsin resistance obtained when nanoparticles were 

produced as described in Example 13. To test trypsin sensitivity, HA samples were diluted to 

0.24mg/mL, incubated with decreasing trypsin at 37°C for 60 min, Trypsin inhibitor was added 

to stop the digestion, and then SDS-PAGE analysis was performed. Comparing the left panel 

and right panel of Fig. 26 illustrates the enhanced trypsin resistance. Purified HA nanoparticles 

made in Sf9 insect cells are HAO. When exposed to trypsin HAO is cleaved to HAl and HA2 at 

Arg AA344 in HI. Correctly folded HA trimers will resist further cleavage when incubated "vith 

increasing concentrations of trypsin. Neutral pH purified BlBrisbane/60/08 is resistant to trypsin 

and is correctly folded (left panel). Acid pH purified BlBrisbane/60/08 HAl is trypsin sensitive 

and misfolded (right panel). Figures 26B and 26C illustrate that trypsin resistance is achieved 

for a variety of strains. Figure 26B shows strain A/Hong Kong!4801l2014. Neutral pH purified 

AIHong Kong/4801!2014 (H3N2) is resistant to trypsin and thus is correctly folded (left panel). 

Acid pH purified AlHong Kong/480l/2014 (H3N2) HAl is trypsin sensitive and not corre(,"tly 

folded (right panel). 

[0203] Similar data was obtained with A./New Hampshire/1/2015, and HINl sub-type. Like the 

other strains, acid-purified HINI was misfolded (data not shown) whereas the neutral pH 

purified protein was trypsin-resistant and correctly folded. 

Comparison witlt commercial.tlu vaccines 

[0204} Previous approaches to producing recombinant influenza vaccines have not met with 

widespread success. To investigate whether egg-produced or recombinantly-produced flu 

vaccine exhibited trypsin-resistance we compared trypsin-sensitivity in egg-produced and 

recombinant vaccines (Fluzone® and Flublok®, respectively) using the same protocols as above. 

Specifically, undiluted vaccines were incubated with varying amounts of trypsin at 37°C for 60 
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min, then trypsin inhibitor was added, 2x Sample Buffer was added, and heated at 700e for 10 

min before SDS page. 

[0205] We found that the egg-produced variant show'ed trypsin resistance. Specifically, 

commercial trivalent egg-derived high dose Fluzone vaccine, which is cleaved to HAl and HA2 

and HAl, is resistant to trypsin digestion. In contrast, commercial trivalent recombinant HA 

Flublok vaccine when exposed to trypsin is converted to HAJ and HAl and HAl polypeptides, 

and is sensitive to trypsin. Fig. 27 (right panel). These results demonstrate at least one of the 

strains is denatured possibly due to purification at pH 5.89 (See for example, Wang et al. 

Vaccine. 24 (2006); 2176.). 

[02061 Thus, recombinant influenza vaccmes that are commercially available suffer from 

misfolding that may arise frorrl productlOn under low pH conditions and likely explains, at least 

in part, their poor immunogenicity and the lack of widespread adoption to date. 

[0207] In contmsl the methods disclosed herein conftrm that purifying HA nanoparticles using 

buffers of at least pH7.0 reduces or eliminates misf()lding of the HA protein that occurs when 

HA proteins are exposed to acid conditions during purification 

EXAl\1PI,E 15 

Construction of Ebola Virus Glycoprotein Nanopartides 

[0208] The wild-type full-length, unmodified BBOV glycoprotein (GP) gene from the 2014 

Makona Ebola virus was cloned into recombinant baculovirus and expressed in Spodoptera 

frugiperda Sf9 insect cells After expression, the N-terminal signal peptide is cleaved and the 

mature protein is purified and formed into nanopartic1es. Purified Ebola virus GP (EBOV/Mak 

GP) nanoparticies are composed of multiple GP tnmers assembled into spherical particles 

36J4nm (as measured by dynamic light scattering). Recombinant GP nanopartides have a core 

regiotl\vhich contains the glycoprotein 2 (GP2) 'fusion subunits' with 2-9 or up to 15 "chaJice­

like" glycoprotein 1 (GP]) trimers 'attachment subunits' extending outward. 

[02091 For co-administering Matrix-N1, a saponin-based adjuvant consisting of two populations 

of individually formed 40nm sized Matrix particles, was used. The l'viatrix-M used was 85% 

Matrix-A and 15% Matrix-C. The Matrix particles were formed by formulating purified saponin 

from Quiliaja saponaria Molina ,"vith cholesterol and phospholipid. 
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EXAMPLE 16 

Immunization and Protocols 

[0210] Balb/c mice (6-8 weeks old; Harlan Laboratories Inc., Frederick, MD) were housed in 

groups of 10 and immunized by subcutaneous (SC) or intramuscular (Uv1) administration. 

Phosphate buffered saline (PBS) was used as placebo. Blood samples for serum were collected 

via the retro-orbital route. Prior to blood collection, animals were anesthetized with isoflurane. 

[0211] .Mice (n = 10 per group) were immunized by Thtf administration (50111 injection volume) 

at Days 0 and 21 with EBOV/Mak GP alone or mixed with AIP04 (50llg) or Matrix-M adjuvant 

(2.Sllg or Sllg). Blood samples were collected at Days 0, 14, 21, 28 and 60. Spleen and bone 

marrow samples were collected at days 28 and 60. Spleen and bone marrow samples were 

suspended in PBS containing 2% fetal bovine serum (FBS) for further preparation. 

r0212] Serum samples from day 28 were evaluated for anti-EBOV/lltfak neutralizing antibody 

responses at U.S. AmlY Medical Research Institute of Infectious Diseases, Fredrick, MD using a 

pseudovirion neutralization reporter assay. A hantavirus pulmonary syndrome (BPS) DNA 

vaccine delivered using a spring-powered jet injector elicits a potent neutralizing antibody 

response in rabbits and nonhuman primates. Curr Gene Ther. 2014; 14: 200-210. For this assay, 

the vesicular stomatitis virus 0 protein was removed and replaced with luciferase reporter. This 

VSV luciferase expressing core was pseudotyped using the plasmid p\VRG!EBOV-Z76 (opt) 

that expresses the Zaire Ebola virus 1976 (Mayinga) GP. The plasmid used to provide the 

pseudotyping Ebola GF was pWRG/EBOV/l\tfak-Z76 (opt) expressing the Zaire Ebola virus 

1976 (Mayinga) GP. PsVs were prepared in 293T cells. Mouse sera were heat-inactivated at 

56°C for 30 minutes and then an initial 1 :20 dilution was prepared followed by five-fold serial 

dilutions in Eagle's Minimum Essential Medium (EIvIEl\1) (Life Teclmologies) supplemented 

with 10% (vol/vol) heat inactivated FBS, 100 IU/mL penicillin, and 100/.lglmL streptomycin 

(cEMEM). Ebola OP PsVs were diluted in cEJ\.1EM. An equal volume of PsVs solution 

containing 4xl 03 focus-forming units and 10% guinea pig complement (Cedarlane) was added to 

the sera dilutions for a final starting dilution of 1:40 and then incubated overnight at 4°C. Vero 

cell monolayers seeded in clear-bottom black 96-well plates (Corning) were infected with 50~1 

of each PsVs-serum mixture and then incubated at 37°e for an additional 18-24 hours. 111e 

56 



medium was discarded, the cells were lysed, and luciferase substrate was added according to the 

Renilla Luciferase Assay System protocol (Promega #E2820). The flash luciferase signal was 

measured using a Tecan M200 microplate readec Raw values were exported to GraphPad Prism 

version 6.04, where the data were baseline~corrected to the untreated PsVs signal. The data were 

fit to four parameter logistic nonlinear regression models using GraphPad Prism and then 

PsVNA 50% (PsVNA50) neutralization titers were interpolated from the curves for each sample. 

Each sample was anaJyzed in triplicate. The assay positive control was serum from a rabbit 

vaccinated three times with the p,",'RG/EBOV-Z76 (opt), a Zaire Ebola virus 1976 Mayinga GP 

DNA vaccine. 

[0213] EBOV/Mak GP specific serum antibodies were quantitated by enzyme linked 

immunosorbent a.ssay (ELISA). Briefly, NUNC MaxiSorp microtiter plates were coated with 

2!J.glmL of EBOV/Mak GP (Novavax) overnight at 2~8°C. Un reacted surface was blocked with 

StartingBlock Blocking Buffer (Pierce) for one hour at room temperature (RT). The plates were 

reacted sequentially at RT with 5~fold serial dilutions of serum samples starting from 1: 100 (two 

hours), goat anti-mouse IgG (or IgGland IgG2a) conjugated to horseradish peroxidase (HRP) 

(Southern Biotech) (one hour), peroxidase substrate 3,3,5,5-Tetramethylbenzidine (TMB) 

(Sigma) (ten minutes) and TMB Stop Buffer (Scy Tek Laboratories). The plates were washed 

three times with PBS/Tween (Quality Biologicals) before addition of the HRP conjugate and 

TMB reagent. 

102141 The plates were read at 450nm in Spectra.Max plus plate readers (Molecular Devices). 

SoftMax pro software (Molecular Devices) was used to fit concentration-responses to a 4-

parameter fit curve. Antibody titers were defined as the reciprocal of the highest dilution in 

which there was a 50% maximum antibody binding (ECso) response. If the serum IgG titer is out 

of the lower detection range, dlen a titer of <100 (starting dilution) was reported and a value of 

50 assigned to dle sample to calculate the group geometric mean titer (GMT). Mouse anti­

EBOVlM"ak GP monoclonal antibody (mAb) (4F3) from IBT Bioservices (Gaithersburg, MD) 

was used as the positive controL 

ELISPOT Assay, assessing IFN-yand EBOV/l\'lak GP-specific IgG-secreting cells 

10215] Single cell suspensions were prepared from individual spleens by gently grinding the 

tissues using the plunger of a syringe. Single bone marrow cell suspension Vv'aS prepared by 
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flushing PBS containing 2% FBS through the bone using a syringe with a 21-gauge needle. Cells 

were washed twice with PBS containing 2% FBS and counted. IFN-y ELISPOT assays were 

performed using mouse IFN-y ELISPOT kits (eBioscience, San Diego, CA) according to the 

manufacturer's procedure. Briefly, anti-IFN-y antibody (15llg/ml in PBS) was used to coat 

ELISPOT plates (Millipore, Darmstadt, Germany) at 100~tl!well, overnight at 4°C. The plates 

were vvashed four times with PBS and blocked with RP:MI1640 medium plus 5% FBS for 1-2 

hours at room temperature. A total of 3x105 splenocytes in a volume of 200 III were stimulated 

with pools of I5-mer EBOV GP pf..>ptides with 11 overlapping amino acids (2.5Jlg/ml) covering 

the entire EBOV GP sequence. Phorbol myristic acetate (PMA) (50ng/ml) plus ionomycin 

(200ng/ml) was used as positive control and medium as negative control. Each stimulation 

condition v.ras carried out in triplicate. Assay plates were incubated overnight at 37°C in a 5% 

C02 incubator and the signals were developed based on manufacturer's instructions. Spots were 

counted and analyzed using an ELISPOT reader and Immunospot software (Cellular 

Technology, Ltd., Shaker Heights, OH). The Eboia-GP specific spot number was obtained by 

subtracting the background number in the medium controls from the GP-peptide stimulated 

wells. Data shown in the graph are the average of triplicate wells. To measure GP-specific IgG­

secreting cells, ELISPOT plates were coated with EBOV/Mak GP (2.SIlg/ml in PBS) and 

incubated overnight at 4°C. Plates were washed and blocked as described above. Triplicates of 3-

5x105 splenocytes or bone marrow cells per well were plated and the plates were incubated 

overnight at 37°C, On the second day the plates were washed, and goat anti-mouse IgG-HRP 

was added and incubated for 1.S hours. Spots were developed and counted as described above. 

The average spot number from triplicate wells were calculated and presented. 

Surface staining for cell phenotypes and intracellular staining for cytokines 

[0216] For surface staining, cells were first incubated with anti-CD16/32 antibody (clone 2.4 

G2) to block the Fc receptor. To characterize the germinal center cells, lxl06 of fresh 

splenocytes were incubated at 4°C for 30 min with a mixture of the following antibodies: B220-

PerCP, CDI9-APC, GL7-BV421, CD95-PE-Cy7 (BD Biosciences, CA) and the yellow 

LIVEIDEAD® dye (Life Technologies, NY). Cells were washed twice and suspended in PBS 

containing 2% FBS for analysis. To stain T follicular helper cells, lx106 fresh splenocytes were 

incubated with CXCRS-Biotin, washed two times, then incubated with a mixture of antibodies 
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including CD3-BV650, B220-PerCP, CD4-PE-Cy7, Streptavidin-BV421, PD-I-APC, CD69-

FITC and CD49b-PE (BD Biosciences, CA) and the yellow LIVE/DEAD® dye (Life 

Technologies). Cells were washed twice and suspended in PBS containing 2% FBS for analysis. 

[0217J For intracellular staining for cytokines, splenocytes were cultured in a 96-well V-bottom 

plate at IxI06 cells per welL The peptide stimulation was performed as described for the 

ELISPOT cultures. The plate was incubated 6 hours at 37°(' in the presence of BD GolgiPlug™ 

and BD GolgiStopTM (BD Biosciences). Cells were washed twice, incubated for 20 min at 4°C 

with a mixture of antibodies for cell surface markers, including CD3-BV 650, CD4-PerCP, CD8-

FITC, CD44-APC-Cy7 and CD62L-PE-Cy7 (BD Pharmingen, CA) and the yellow 

LIVElDEAD® dye (Life Technologies, NY). After two washes, cells were fixed with 

CytofixiCytoperm (BD Biosciences) for 30 min at 4°C, followed by two washes with BD 

PermlWashTM (BD Biosciences). Cells were incubated with antibodies to IFN-y -APC, IL-2-BV 

421 and TNFa-PE (BD Biosciences) overnight at 4°C. The cells were washed and re-suspended 

in 1 xBD PernvWash buffer for data acquisition. All staining sampJes were acquired using a 

LSR-Fortessa flow cytometer (Becton Dickinson, San Jose, CA) and the data were analysed \.\~th 

Flowjo software version XvlO (Tree Star Inc., Ashland, OR). 

[021S] Statistical analysis was performed using SAS software version 9.4. Pairwise 

comparisons with Tukey's adjustment from ANOYA used group as the independent variable and 

log-transformed titer result as the dependent variable to determine significance between groups. 

Example 17 

EBOVlMak GP induced antibody response and protective efficacy. 

[0219] The immunogenicity of the EBOYlMak GP nanopartic1e vaccine was evaluated with and 

without adjuvant in a mouse mode1. Mice were vaccinated on Days 0, 14 and 28 by SC injection 

with 5Jlg of EBOV/I\1ak GP alone or EBOVlMak GP fommlated in :Matrix-M or AIP04 

adjuvant. Analysis of sera obtained on day 28 (14 days post second immunization) indicated that 

the Matrix-M adjuvanted EBOVlMak GP induce.d high levels of antigen-specific JgG antibodies 

against the Mayinga GP ,,'lith a geometric mean titer (GMT) of 26,991. The response obtained 

following immunization with EBOV/l\1ak OP with Matrix-M was significantly higher than those 

induced by EBOVlMak OP alone (GMT = 266, P = 0.(01) or EBOV/Mak GP adjuvanted with 
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AlP04 (GMT = 436, p = 0.0001) (Fig. 28A). The AIP04 adjuvant offered only marginal increase 

in anti-EBOV!Mak: GP IgG in comparison to the EBOVlMak GP alone. 

[0220] The neutralization activity of day 28 sera was analysed using Ebola GP pseudovirions 

(PsVs) (Fig. 28B). In the absence of adjuvant, neutralization GMT titer in sera from mice 

immunized v.rith the EBOV/M'ak GP alone were 197 and w'hen EBOV /Mak GP was adjuvanted 

with AlP04, lower titers were observed (GMT = 49, p= 0.1). Neutra.1ization titers observed in 

sera from mice immunized with EBOV/l\1ak GP with Matrix-M had a GMT of 6,463, thirty-tw'o­

fold higher than that obtained with EBOVlMak GP alone. In this assay, PsVs expressing the 

EDOV 1976 l\1ayinga strain GP were used as PsVs expressing the EBOV/Mak 2014 strain GP 

were not available. Thus, the assay is measuring the cross-neutralizing activity of anti­

EBOV/Mak GP against the Mayinga GP. 

[02211 On day 42, two weeks after the third vaccination given on day 28, mice were challenged 

by an intraperitoneal inoculation of 1,000 pfu mouse adapted Zaire Ebola virus strain 1976 

Mayinga. Control mice started to succumb to infection after three days while mice vaccinated 

with EBOV /Mak GP alone or EBOBlMak GP adjuvanted v.rith AIP04 succumbed at day five or 

six, respectively. Twenty-one days after chal1enge infection, all mice vaccinated with Matrix-M 

adjuvanted EBOV ill¥lak GP and one mouse vaccinated with EBOV /l\1ak GP alone was alive and 

healthy. In contrast, all other mice were dead or had been euthanized by day 8 due to Ebola virus 

infection (Fig. 28C). 

EXAl\1PI"E 18 

Kinetics of Ebola-GP JgG, IgG 1 and IgG2a Responses 

[0222] In order to further characterize the immune responses to Matrix-M-adjuvanted 

EBOVlMak GP in more detail, two groups of Baible. mice (IO/group) were injected with 5/lg 

EBOViMak GP adjuvanted with either 2.5 or 5J.1g of Matrix-M. Groups of mice injected with 

PBS, EBOV/Mak GP alone or EBOV /Mak GP with AIP04 served as controls. At days 14, 21, 28 

and 60, EBOV/Mak GP-specific IgG and IgG subclasses (IgGl and IgG2a) were measured by 

ELISA. 

[0223] At day 14 following the first injection, all mice injected with EBOV/Mak GP with 

Matrix-M (2.5 or 5J.1g) responded \\-1th EBOV/Mak GP-specific. IgG (GMT = 755 and 1,499 
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respectively, data not shown). None of the 10 mice in the EBOV/Mak GP group and EBOV/Mak 

GP with AIP04 group generated EBOV&1ak GP specific IgG (data not shown). By day 21, the 

IgG response to EBOV/Iviak GP increased further in the Matrix-M-adjuvanted groups (Fig. 

29A). Th(~re was still no response in the groups given EBOVllVIak GP alone or with EBOViMak 

GP with AIP04. All mice received a second injection at day 21. At day 28 there was a robust 

increase in IgG responses in the mice receiving Matrix-M (2.5 or 511g) with ELISA GMT titers 

of 3.0x105 and 4.9x105 respectively (Fig. 29A) At days 28 and 60 in the EBOV/Ivfak GP alone 

and w'ith AIP04 bTfOUps, specific IgG responses were detected in some of the mice, but were 

significantly lower than in the mice immunized with EBOV&.111k GP with l\1atrix-M (Fig. 29A). 

By day 60, the anti-GP IgG titers induced by EBOV/Mak GP ,vith 2.5 or 511g Matrix-M were not 

significantly reduced compared to day 28 and \;vere 67-fold and 139-fold higher, respectively, 

than in the EROV /J\tfak GP with AIP04 groups (Fig. 29A). 

[0224] The EBOV!Mak GF-specific IgGl and IgG2a responses were also determined. Similar to 

total IgG, Matrix-M adjuvanted EBOV/l'vfak GP vaccine induced high anti-GP IgGl and IgG2a 

levels at days 28 and 60 (Fig. 29B and 29C). In contrast, only one out of 10 mice given 

EBOV/Mak GP alone and four of 10 mice given EBOV/Yviak GP with A IP04 produced low 

levels oflgGI at day 28 (Fig. 29B). At day 60, antigen-specific IgGl was detected in serum from 

all five remaining mice in the group given EBOV/Mak GP with AIP04, but the average titer was 

51- and 41-fold lower than in the groups given EBOV IMak GP with 2.5 or 5.01lg Matrix-M (Fig. 

29B), respectively. Furthermore, EBOV/I'vlak GP alone did not induce detectable 19G2a antibody 

at days 28 and 60. 

EXAMPLE 19 

CD4+, CD8+~ amI Multifundional T cell Response 

[0225] We next assessed the T cell response to tbe different EBOV/l'vfak GP formulations by 

measuring the number of IFN-y secreting T cells after ex vivo stimulation of spleen cells with 

EBOVlMak GP peptides in an ELISPOT assay. At day 28, IFN-y secreting cells increased in a 

Matrix-Ivl dose-dependent manner in spleens from mice immunized with EBOV/Mak GP ,vith 

Matrix-M (Fig. 30A, 30B). The average number of IFN-y-secreting cells in groups receiving 

EBOV/Mak GP with 5.0 and 2.511g of Matrix-l\1 were 17- and 10-fold higher respectively than in 
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the group receiving EBOV /Mak GP alone and 8- and 5-fold higher respectively than in the group 

receiving EBOV/Mak GP with AlP04 (Fig. 30A). 

[0226] By day 60, the number of IFN-y secreting cells in spleens from mice inlmunized \-vith 

EBOVlMak GP with 5).lg of ~1atrix-M was still 12-fold higher than in spleens from mice 

immunized with EBOV/Mak GP alone and 3-fold higher than in spleens from mice immunized 

with EBOV/Mak GP with AIP04 (Fig. 30B). The increased numbers ofIFN-y secreting cells in 

spleens from mice immunized with EBOV/Mak GP with 2.5).lg 1t1atrix-M were also maintained 

at day 60 but at a lower level than with 5).lg ~trix-M. 

[0227] We further assessed ~trix-M induced CD4+ and CD8+ T cell responses by intracellular 

staining of cytokines combined with cell surface markers. Analysis of splenocytes by 

flowcytometric staining at day 28 showed that both CD4+ and CD8+ T cells from EBOV /J\tJak 

GP with Matrix-M groups secreted IFN-y, TNFa and IL~2 (Fig. 30e and 30D). The frequency of 

cytokine-secreting CD4+ and CD8+ T cells was much higher in spleens from the EBOV/Mak 

GP with Matrix-M groups than the baseline or minimal responses observed in control mice, mice 

receiving EBOVllVlak GP alone or EBOV/Mak GP with AIP04 (Fig. 30C and 30D). The 

frequency of T cells that simultaneously produce two or more cytokines (IFN-y, TNFa and IL-2) 

was also evaluated at day 28. Both CD4+ and CD8+ T cells producing either tv .. o or three 

cytokines were detected at marked levels only in spleens from the mice imrmmized with 

EBOV/1tIak GP with Matrix-M. 

EXAMPI .. E20 

Germinal center and T follicular helper cell responses 

[0228] The frequency and absolute number of C'£ B cells in the spleen were analysed by 

flowcytometric staining (Fig. 31A). The analysis showed that at day 28 (seven days after the 2nd 

injection of vaccine), EBOV/Mak GP adjuvanted with 2.5 and 5).lg of Matrix-M induced 

responses with a GC frequency of 1.22 and 2.12% respectively in comparison to placebo, 

EBOV/~ GP alone or EBOV/Mak GPwith AlP04 (0.38, 0.41 and 0.44% respectively) (Fig. 

3IB). Accordingly, the absolute GC cell number in the spleen also increased in the groups 

receiving l'vIatrix-M (Fig. 31 C). By day 60, the frequency and absolute number returned to 

background level (Fig. 3ID and 31E) 
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[0229) Analysis of TFH cells frequencies at day 28 showed that EBOV/Mak GP ,\lith 2.5 or 5~g 

of Matrix-M induced higher frequencies of TFH cells than the EBOV!Mak GP alone or \vith 

AIP04 (Fig. 32A and 32B). Accordingly, the absolute number of TFH cells was also enhanced by 

EBOV/Mak GP with Matrix-M compared to EBOV/Mak GP alone or with AIP04 (Fig. 32C). By 

day 60, the frequency and absolute number of TFH cells retracted to near background levels (Fig. 

32 D and 32E). 

EXAIUPLE 21 

EBOV /l\-lak GP-specific plasma cells 

[0230] In order to assess the influence of :Matrix-M on the EBOV irvIak GP-specific plasma cells, 

the number of IgG-producing cells in spleen and bone marrow ,vas analysed at day 60 after 

immunization. The analysis at day 60 demonstrated only a few EBOV/.Mak GP-specific IgG­

secreting cells « 6/106 splenocytes) in the spleens from mice immunized with Matrix-M 

adjuvanted EBOV!Mak GP vaccine (Fig. 33A). No IgG-secreting cells were detected in the 

spleens from mice immunized with EBOV!Mak GP alone and EBOV/Mak GP with A1P04 (Fig. 

33A). In contrast, high numbers ofEBOVlMak GP-specific IgG-secreting cells appeared in bone 

marrow from mice that received Matrix-M adjuvanted EBOVlMak GP (Fig. 33B), demonstrating 

the formation of long-lived plasma B cells. 

EXAMPLE 22 

Chal'acterization of Antibody Binding to the Nanoparticles 

[0231] We tested the ability of several anti-Ebola antibodies to bind to the nanopartic1es. The 

antibodies are BC6, 13F6, 6D8 and KZ52. The EC50 curve and values are sho'Wl1 in Figure 36 

and additional binding kinetic data are shown in Figure 37. Figure 38 shows potency data using 

the 13C6 as a reference. Three of four antibodies exhibited excellent binding to the GP. 

EXAMPLE 23 

Non-Human Primate study: Baboon 

[0232} To confirm the results obtained in mice in a non-human primate model, a baboon study 

VV'as performed. The study was designed as shown in Figure 39. Four groups were formed. 
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Group 1 was the control. Group 2 received antigen with AIP04. Groups 2 and 3 received 

antigen, 60 !J.g and 5 !J.g, respectively with Matrix~M at 50 !J.g. Baboons were immunized at 0 

and 21 days. Robust responses were obtained against both Makona GP and Mayinga GP. See 

Figure 40. Additional analysis confirmed that the response was long-lasting. Figure 41 shows 

EC50 values for IgG against Makona at later timepoints. The data establish the response is 

sustained. 

[0233] Additional studies confirm that IFN-y levels increase substantially following 

immunization. Figure 42 shows that Matrix M in combination with GP increased more so than 

with an alum adjuvant Interestingly, the lower dose of GP, 5 !J.g, gave a more pronounced 

increase in IFN-y levels. TNF-a. and IFN~y responses in T-cells are shown in Figure 43 with 

cytokines responses shown in Figure 44. Again, the response is more pronounced with GP and 

Matrix M in each case than with alum. These data underscore the robust immune response of the 

disclosed formulations in the baboon model. 

EXAMPLE 24 

Non-Human Primate study: Macaque Study 1 

[02341 To further confirm the protective effect of the nanoparticles, a macaques study was 

performed as indicated in Figure 45. !-'1acaques were immunized intramuscularly at days 0 and 

21 with vaccine as shovvn and challenged at Day 42. Anti-GP responses were measure at Day 0 

and 28. As Figure 46 shows, immunized macques showed a dramatic induction of anti-IgG 

antibodies. The immune response was characterized as shown in Figure 47. IFN-y secreting cells 

in response to various peptides pools wac; measured at weeks 0, 3, and 5. The results 

demonstrate that immunized macaques induced IFN-y-secreting cells in immunized macaques. 

[0235] Animal survival was remarkable. Figure 48. By day 7, the Ebola viral load in placebo­

treated macaques was 107. By Day 9, the placebo animal '~II.S euthanized. In contrast, 100010 of 

treated animals survived. Remarkably, the immune response was able to render the viral load 

undetectable by RT~PCR in almost all animals at almost all time points. Animal 33362 showed 

viral load at day 7 that was about 10% above the detectable limit. By Day 10, however, levels 

had dropped beneath the ability of the assay to detect them. 
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EXAMPLE 25 

Non-Humau Primate study: :Macaque Study 2 

[0236] A second study was performed in Macaques. Animals were dosed v'lith 5 ~tg GP + 50 J.l.g 

Matrix-M at zero weeks, with a follow-on boost at either 3 weeks or 6 weeks. Immunized 

animals were then challenged with wild-type Ebola virus at 9 weeks and 12 weeks, respectively. 

Figure 49. 

[0237] ELISA data for IgG are shown in Figure 50. The left panel shows that 3 weeks after the 

first injection, high titers had developed and were sustained. The right panel illustrates results in 

animals with a 6-week gap between administrations. Those animals showed a substantial 

increase t\vo weeks after the second, booster administration, illustrating the beneficial effect of a 

prime-boost approach. 

[0238] The vaccine composition was fully protective in macaques. 18 days after challenge with 

live virus, the saline control-treated mice were all dead. In contrast, lOl»o of macaques 

immunized with the vaccine compositions survived challenge. Collectively, these data confirm 

that the immune responses stimulated by the compositions are protective whether a boost 

administration occurs within 3 weeks or within 6 weeks. 
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CLAIMS 

1. A vaccine composition comprising: 

(i) a nanoparticle comprising a non-ionic detergent core and a viral glycoprotein, 

wherein the viral glycoprotein is associated with the core and the detergent is 

present at about 0.03% to about 0.05%; and 

(ii) a pharmaceutically acceptable buffer; and wherein the non-ionic detergent is 

selected from the group consisting ofPS20, PS40, PS60. PS65, and PS80. 

2. The vaccine composition of claim 1, wherein the viral glycoprotein is selected from the 

group consisting of an RSV F protein, an Ebola Glycoprotein, a Rabies Virus G Protein, an 

influenza HA protein, an influenza NA protein, and combinations thereof. 

3. The vaccine composition of claim 2, wherein the viral glycoprotein is an RSV F protein 

and the molar ratio of non-ionic detergent to viral glycoprotein is about 30: 1 to about 60: 1. 

4. The vaccine composition of claim 3, wherein the RSV F protein comprises a deletion of' 

to 10 amino acids corresponding to amino acids 137-146 of SEQ ID NO:2 and an inactivated 

primary furin cleavage site cOlTesponding to amino acids 131 to 136 of SEQ ID NO:2, wherein 

the primary furin cleavage site is inactivated by mutation. 

5. The vaccine composition of claim 4, wherein the composition is substantial1y free of any 

other detergent. 

6. The vaccine composition of claim 4, wherein the RSV -F protein is selected from the 

group consisting of SEQ ID NOS: 1-13 and variants of SEQ ID NOS:l-13 lacking part or all of 

the N-terminal signal peptide. 

7. The vaccine composition of claim 6, wherein the RSV F protein comprises SEQ ID 

NO:19. 
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8. The vaccine composition of claim 6, wherein the RSV F protein consists of SEQ ID 

NO:19. 

9. The vaccine composition of claim 8, wherein the non-ionic detergent is PS80. 

10. The vaccine composition of claim 9, wherein the molar ratio is about 50. 

11. The vaccine composition of claim 1, wherein the pharmaceutically acceptable buffer 

comprises 

(i) sodium phosphate at 15 ruM to 25 mM; 

(ii) NaCl at about 150 ruM; 

(iii) histidine at 0.25% to 2% w/v; 

wherein the composition pH is between 5.8 and 6.4. 

12. The vaccine composition of claim 11, wherein the pharmaceutically acceptable buffer 

comprises 

(i) sodium phosphate at about 22 mM; 

(ii) NaCl at about 150 mM; 

(iii) histidine at about 1 %; 

wherein the composition pH is about 6.2. 

13. The vaccine composition of any of claims 1-12, wherein the RSV F protein further 

comprises fatty acids linked to the protein. 

14. The vaccine composition of claim 1, wherein the nanoparticles have a Z-ave diameter of 

about 20 nm to about 60 nm. 

15. The vaccine composition of claim 2, wherein the vaccine composition comprises RSV F 

proteill at a concentration of between about 60 ~lg/mL and about 290 ~g/mL. 
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16. The vaccine composition of claim 1, wherein the shape of the nanopartic1e is a spherical 

oligomer or an anisotropic rod. 

17. The vaccine composition of any of claims 1-16, wherein the vaccine composition is 

substantially free of any other detergent as determined by analytical ultracentrifugation. 

18. The vaccine composition of claim 10, wherein each nanopartic1e comprises between 4 

and 7 RSV F protein trimers. 

19. A method of preventing a viral infection comprising administeIing the vaccine 

composition of any of claims 1-18 to a subject. 

20. The method of claim 19, wherein composition is administered intramuscularly. 

21. The method of claim 19, wherein each dose consists of between about 30 Ilg and about 

150 Ilg of the RSV F protein. 

22. The method of claim 19, wherein a single dose of the composition is administered. 

23. The method of claim 19, wherein the subject is selected from the group consisting of an 

adult, a senior adult, a pregnant female adult, a child, a neonate, and an infant. 

24. The method of claim 19, wherein the composition comprises an adjuvant. 

25. The method of claim 24, wherein the adjuvant is an alum adjuvant and at least 80% of the 

adjuvant is bound to the nanoparticle. 

26. The method of claim 19, wherein the composition contains no added adjuvant. 

27. The method of 22, wherein the dose is in a volume of about 0.5 mL. 
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28. A composition comprising a heterologous population of at least three RSVF 

nanopartic1es types, wherein each nanoparticIe comprises at least one RSV F protein 

trimer surrounding a detergent-containing core that comprises PS80; and 

wherein the first RSV F nanoparticle type comprises anisotropic rods, 

wherein the second RSV F nanoparticle type comprises spherical oligomers, 

and wherein the third RSV F nanoparticle type comprises intermediates of 

anisotropic rods and spherical oligomers. 

29. The composition of claim 28, wherein each RSV F trimer is selected from the group 

consisting of RSV F proteins having a deletion of 1 to 10 amino acids corresponding to 

residues 137-146 of SEQ ID NO:2, and mixtures thereof. 

30. The composition of claim 28 wherein each RSV F trimer comprises RSY F proteins 

having (i) a deletion of 1 to 10 amino acids corresponding to residues 137-146 of SEQ ID 

NO:2 and (ii) an inactivated primary fusion cleavage site, and mixtures thereof. 

31. The composition of claim 29 wherein the RSV F protein is selected from SEQ ID NOS: 1-

13 and variants of SEQ ID NOS:l-13 lacking part or all of the N-terminal signal peptide. 

32. The composition of claim 31 wherein the RSV F protein comprises SEQ ID NO: 19. 

33. The composition of claim 31 wherein the RSV F protein consists of SEQ ID NO: 19. 

34. A method of manufacturing an RSV F protein nanoparticle comprising preparing an RSV 

F protein extract from a host cell using a first detergent and exchanging the tirst detergent 

for a second detergent, wherein the second detergent is PS80, whereby the nanoparticle 

exhibits enhanced stability when maintained in an amount of PS80 about 0.03% to about 

0.05% 

35. The method of claim 34, wherein the first detergent is NP-9. 
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36 The method of claim 34 wherein the enhanced stability is selected from one or more of 

protease resistance, oxidative stress resistance, thermal stress resistance, and resistance to 

agitation. 

37. The method of claim 34 wherein the PS80 exists in a molar ratio to the RSV F protein at 

about 30 to about 60. 

38. A nanoparticle comprising a viral protein trimer associated with a PS80 detergent core, 

wherein the molar ratio of the PS80: viral protein trimer is about 30 to about 60, 

preferably about 50. 

39. The nanoparticle of claim 38 wherein the viral protein trimer is an RSV F protein trimer. 

40. The nanopartic1e of claim 38, wherein the nanoparticle has an average diameter (Z-ave) 

about 20 to about 60 nm as measured by dynamic light scattering. 

41. The nanopartic1e of claim 38 wherein each RSV F protein trimer contains an RSV F 

protein selected from the group consisting of RSV F proteins having a deletion of 1 to 10 

amino acids corresponding to residues 137-146 of SEQ ID NO:2. 

42. The nanoparticle of claim 41 further comprising an inactivated primary fusion cleavage 

site. 

43. The nanopartic1e of claim 39 wherein the RSV F protein has the sequence of any of SEQ 

ID NOS: 1-13 or SEQ ID NOS: 1-13 lacking part or all of the N-terminal signal peptide. 

44. The nanoparticIe of claim 39 wherein the RSV F protein comprises a deletion of ten 

amino acids corresponding to residues 137-146 of SEQ ID NO:2 and inactivation of the 

primary furin cleavage site by mutation of arginine residues at positions 133, 135, and 

136 to glutamine. 
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45, The nanopartic1eof claim 44 wherein the RSV F protein comprises SEQ ID NO: 19. 

46. The nanopartic1e of claim 44 wherein the RSV F protein consists of SEQ ID NO:19. 

47. A method of producing a nanopartic1e comprising protein antigens surrounding a non­

ionic detergent core comprising 

(i) binding a protein extract comprising a first detergent to a protein puritication 

column; 

(ii) performing a detergent exchange by substantially replacing the first detergent 

with a second detergent; and 

(iii) eluting the protein extract from the column in the presence of the second 

detergent to provide the nanoparticle; 

wherein the molar ratio of the second detergent protein is about 30 to about 60; and 

wherein the second detergent is selected from the group consisting of PS20, PS40, PS60, 

PS65, and PS80. 

48. The method of claim 47 wherein the protein antigen is a viral glycoprotein. 

49. The method of claim 48 wherein the non-ionic detergent is PS80. 

50. TIle method of claim 47 wherein the first detergent is NP-9. 

51. The method of claim 47 wherein the protein antigen is an RSV-F glycoprotein. 

52. The method of claim 47 wherein the molar ratio is about 45 to about 60. 

53. The method of claim 52 wherein the molar ratio is about 45. 

54. The method of claim 47 fwiher comprising step (iv) combining the nanoparticle with an 

alum adjuvant to provide a composition comprising a nanopartic1e having at least 80% of 

the nanoparticle in the composition bound to the alum. 
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55. The method of claim 54 wherein at least 90% of the nanopartic1e is bound to the alum. 

56. The method of claim 47 wherein the protein extract is prepared by steps comprising 

recombinantly expressing the protein in an Sf9 host cell and treating the host cell with the 

first detergent to provide a protein extract, wherein the Sf9 cells is a single knock-out for 

a cathepsin L or a chitinase, or a double knock-out cell for both a cathepsin L and 

chitinase. 

57. The method of claim 47 wherein the protein purification column is a lentil lectin column. 

58. A combination nanopartic1e comprising a non-ionic detergent core and at least two viral 

proteins, wherein each viral protein is associated with the core and wherein the molar 

ratio of non-ionic detergent: at least one viral protein is about 30 to about 60. 

59. The combination nanopartic1e of claim 58 wherein the nanoparticle comprises an 

influenza HA protein and an RSV F protein. 

60. The combination nanoparticle of claim 58 wherein the nanopartic1e comprises an 

influenza HA protein and an influenza NA protein. 

61. The combination nanoparticle of claim 60 wherein the HA and NA protein are from the 

same influenza sub-type. 

62. The combination nanopartic1e of claim 60 wherein the HA and NA protein are from 

different influenza sub-types. 

63. The combination nanoparticle of claim 60 wherein at least one of the HA and NA protein 

is from a Group 1 or Group 2 influenza. 
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64. The combination nanoparticle of claim 60 wherein at least one of the HA and NA protein 

is from a B type influenza. 

65. A metllOd of inducing an immune response comprising administering a composition of 

claim 1 to a subject. 

66. The method of claim 65 wherein the subject is a human female. 

67. The method of claim 66 wherein the human female is pregnant. 

68. A method of boosting an immune response in an infant comprising administering to an 

infant harboring anti-RSV F antibodies a composition of claim 1. 

69. A method of preparing a recombinant trypsin-resistant influenza HA nanopartic1e 

comprising the steps of 

0) binding a protein extract comprising a first detergent to a protein purification 

column; 

(ii) performing a detergent exchange by substantially replacing the first detergent 

with a second detergent; and 

(iii) eluting the protein extract from the column in the presence of the second 

detergent to provide the nanopartic1e; 

wherein the transition midpoint (Tm) of the nanopartic1e, as measured by 

differential scanning calorimetry is at least about 60, wherein no buffer used during 

preparation has a pH of below 7.0. 

70. A recombinant rrypsin-resistant HA nanopattic1e prepared according to the method of 

claim 69. 

71. A vaccine composition comprising a nanoparticle of claim 70 and a pharmaceutically 

acceptable carrier. 
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72. The vaccine composition comprising a nanoparticle of claim 71 comprising an adjuvant. 

73. The method of claim 35 wherein the exchange of the first detergent is substantially 

complete such that the amount of NP-9 detected by HPLC is less than about 0.1 %, less 

than about 0.01 %, less than about 0.001 %, or is undetectable. 

74. An Ebola virus glycoprotein (GP) nanopartic1e, comprising an Ebola vims GP trimer 

associated with a non-ionic detergent core. 

75. The nanopartic1e of claim 74 wherein the non-ionic detergent in the core comprises 

polysorbate-80 (PS80). 

76. The nanopartjcle of claim 74 wherein the nanopartic1e has an average diameter about 20 

to about 40 nm. 

77. The nanopartic1e of claim 74 wherein the nanopartic1e contains multiple copies of the 

Ebola virus GP trimer. 

78. The nanoparticle of claim 77 wherein the l1anopartic1e contains up to 15 trimers. 

79. The nanoparticle of claim 74 wherein the nanoparticle is produced in an 5f9 cell. 

80. The nanopartic1e of claim 74 wherein the Ebola virus OP amino acid sequence is about 

85% identical, about 90% identical, about 95% identical, about 97% identical, or about 

98% identical to SEQ 10 NO:29. 

81. The nanoparticle of claim 74 wherein the Ebola virus OP amino acid sequence comprises 

SEQ ID NO:29. 

82. The nanoparticle of claim 74 wherein the Ebola virus OP amino acid sequence consists of 

SEQ ID NO:29. 
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8 .... .:t. A vaccine composition comprising the nanoparticle of any of claims 74 to 82 and a 

saponin adjuvant, wherein the saponin adjuvant consists of Matrix A and Matrix C. 

84. The vaccine composition of claim 83 wherein the Matrix A and Matrix C are present in a 

ratio of 85: 15. 

85. A method of inducing an immune response against Ebola Virus in a human comprising 

administering to the human a composition comprising an Ebola virus glycoprotein (OP) 

nanoparticle and a saponin adjuvant, 

wherein the saponin adjuvant consists of Matrix A and Matrix C, and 

wherein the nanoparticle comprises an EOOla vims GP trimer attached to a non­

ionic detergent core. 

86. The method of claim 85 wherein the Matrix A and Matrix C saponin adjuvants are 

present in a ratio of 85: 15. 

87. The method of claim 85 wherein the amino acid sequence of the Ebo]a virus OP is about 

85% identical, about 90% identical, about 95% identical, about 97% identical, or about 

98% identical to SEQ ID NO:29. 

88. The method of claim 85 wherein the composition is administered intramuscularly. 

89. The method of claim 85 wherein the immune response comprises one or more of: 

induction of IgO 1 antibodies, induction of Ig02a antibodies, formation of long -lived 

plasma B cells, a follicular helper T cell (TFH) response, a CD4+ T-cell response, and a 

CD8+ T-cell response. 

90. The method of claim 85 wherein the composition comprises a heterogeneous population 

of OP nanoparticles having 2 to 6 trimers per nanoparticle. 
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91. A method of preventing Ebola Virus infection or disease in a human comprising 

intramuscularly administering to the human a vaccine composition of claim 83. 

92. A nucleic acid encoding an Ebola protein comprising or consisting of SEQ ID NO:29. 

93. An Sf9 host cell comprising the nudeic acid of claim 92. 
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