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(57) Abstract: The present invention provides dengue virus vaccines and immunogenic compositions for administration to human
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TITLE OF THE INVENTION
RECOMBINANT SUBUNIT DENGUE VIRUS VACCINE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.
61/408,310, filed October 29, 2010, the contents of which are herein incorporated by reference in
their entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

The invention was supported, in part, by U.S. Government grants numbered SUO1
Al056410-03, and 1UC1 AI062481 (NIH), and W81XWH-06-2-0035 (DOD). The U.S.
Government has certain rights in this invention.

FIELD OF THE INVENTION

The invention relates to compositions that elicit an immunological response
against dengue virus infections, useful for the prevention and/or treatment of dengue virus
infections in human subjects, and the clinical manifestations thereof.

BACKGROUND OF THE INVENTION

The family Flaviviridae includes the prototype yellow fever virus (YF), the four
serotypes of dengue virus (DEN-1, DEN-2, DEN-3, and DEN-4), Japanese encephalitis virus
(JE), tick-borne encephalitis virus (TBE), West Nile virus (WN), Saint Louis encephalitis virus
(SLE), and about 70 other disease causing viruses. Flaviviruses are small, enveloped viruses
containing a single, positive-strand RNA genome. Ten gene products are encoded by a single
open reading frame and are translated as a polyprotein organized in the order: capsid (C),
“preMembrane” (prM, which is processed to “Membrane” (M) just prior to virion release from
the cell), “envelope” (E), followed by non-structural (NS) proteins NS1, NS2a, NS2b, NS3,
NS4a, NS4b and NS5 (reviewed in Chambers, T. J. ef al., Annual Rev Microbiol (1990) 44:649-
688; Henchal, E. A. and Putnak, J. R., Clin Microbiol Rev. (1990) 3:376-396). Individual
flaviviral proteins are then produced through precise processing events mediated by host as well
as virally encoded proteases.

The envelope of flaviviruses is derived from the host cell membrane and contains
the virally-encoded membrane anchored membrane (M) and envelope (E) glycoproteins. The E
glycoprotein is the largest viral structural protein and contains functional domains responsible for
cell surface attachment and intra-endosomal fusion activities. It is also a major target of the host
immune system, inducing the production of virus neutralizing antibodies, which are associated
with protective immunity.
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Dengue viruses are transmitted to man by mosquitoes of the genus Aedes,
primarily A. aegypti and 4. albopictus. Infection by dengue viruses leads to a diverse clinical
picture ranging from an inapparent or mild febrile illness, through classical dengue fever (DF)
characterized by high fever, headache, joint and muscle pain, rash, lymphadenopathy and
leucopenia (Gibbons, R. V. and D. W. Vaughn, Brifish Medical Journal (2002) 324:1563-1566),
to a more severe form of infection more common in children, dengue hemorrhagic fever/dengue
shock syndrome (DHEF/DSS), marked by vascular permeability and/or severe hemorrhagic
manifestations ranging from the presence of petechiae and ecchymosis to spontaﬁeous severe
hemorrhage and profound shock which may, if untreated, result in death. Without diagnosis and
prompt medical intervention, the sudden onset and rapid progression of DHF/DSS can be fatal.

Dengue viruses are the most significant group of arthropod-transmitted viruses in
terms of global morbidity and mortality with an estimated one hundred million cases of dengue
fever occurring annually including 250,000 to 500,000 cases of DHF/DSS (Gubler, D. J., Clin,
Microbiol. Rev. (1998) 11:480-496; Gibbons, supra). With the global increase in population,
urbanization of the population especially throughout the tropics, and the lack of sustained
mosquito control measures, the mosquito vectors of dengue have expanded their distribution
throughout the tropics, subtropics, and some temperate areas, bringing the risk of dengue
infection to over half the world’s population. Modern jet travel and human emigration have
facilitated global distribution of dengue serotypes, such that multiple serotypes of dengue are
now endemic in many regions. There has been an increase in the frequency of dengue epidemics
and the incidence of DHF/DSS in the last 20 or more years. For example, in Southeast Asia,
DHEF/DSS is a leading cause of hospitalization and death among children (Gubler, supra;
Gibbons and Vaughn, supra).

To date, the development of flavivirus vaccines has been met with mixed success.
There are four basic approaches that have been implemented in an effort to produce vaccine
candidates to protect against disease causes by flaviviruses: live-attenuated, inactivated whole
virus, recombinant subunit protein, and DNA-based vaccines. A live-attenuated vaccine for
Yellow Fever virus has been available for decades. The use of inactivated whole virus vaccines
has been demonstrated for TBE and JE viruses.

Despite the successes of the YF, JE, and TBE vaccines highlighted above, the use
of live-attenuated virus and inactivated virus methods to develop vaccines for dengue virus has
been met with significant challenges. There are four serotypes of dengue virus (DEN1, DEN2,
DEN3, and DEN4) and strains of each serotype are found circulating throughout the dengue
endemic regions of the world. Natural infection confers long lasting immunity to the infecting
serotype but not to other dengue serotypes. The more severe forms of the disease (DHF/DSS)
occur most often after secondary dengue infection, when infection with one serotype of dengue
virus is followed by a second infection with another serotype. The more frequent association of
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DHF and DSS with secondary dengue infection has been hypothesized to be due to non-
neutralizing antibodies induced by infection with one virus type enhancing infectivity of a second
dengue virus type (antibody-dependent enhancement — ADE). This concept has important
implications for vaccine development, as an effective dengue vaccine must simultaneously
induce balanced specific neutralizing antibodies and specific memory cells against all four
dengue serotypes (Halstead and Deen, 2002). This has proven to be a major problem in dengue
vaccine development.

To date, the majority of the vaccines tested clinically are live, attenuated vaccines,
which present safety concerns common to all live viral vaccines given to healthy subjects.
Under-attenuation of the virus may result in virus-related adverse events, whereas over-
attenuation may abrogate vaccine efficacy. Also, reversion to wild type or mutation to increased
virulence (or decreased efficacy) may occur. Moreover, even if properly attenuated, live viral
vaccines are contraindicated for specific patient populations, such as immune deficient or
immune suppressed patients, as well as particular segments of the normal population, such as
pregnant women, infants, or elderly individuals.

Further issues with live attenuated virus approaches for dengue include the
challenges associated with combination of four independently replicating viruses in a tetravalent
vaccine. Issues with interference have plagued all tetravalent formulations tested to date and
have resulted in unbalanced tetravalent immunity and the requirement for multiple doses
administered at an extended interval (e.g. 0, 6, 12 months). This is less than ideal and could
present safety issues for individuals who have been partially immunized and become exposed to
wild type virus as these individuals may be at higher risk of exacerbated disease (e.g. dengue
hemorrhagic fever).

Ivy et al. (U.S. Patent 6,432,411) disclose a tetravalent subunit vaccine
comprising DEN1-4 80% E (equivalent to amino acids 1-395 of the DEN-2 envelope
polypeptide) proteins. Ivy et al, supra, also reporf compositions comprising DEN 1-4 80% E
and ISCOMATRIX® adjuvant. There remains a need; however, for stable, tetravalent vaccines
that can induce a balanced immune response against all four dengue serotypes.

SUMMARY OF THE INVENTION

The present invention provides vaccines and immunogenic compositions for use
in human patient populations for the prevention and/or treatment of disease associated with
dengue virus infections. The vaccines are formed by the combination of recombinant subunit
protein(s) derived from dengue virus envelope protein(s) and an adjuvant. The dengue virus
vaccines of the present invention are designed to induce balanced, protective, tetravalent immune
responses against DEN1, DEN2, DEN3, and DEN4, while providing an aceeptable safety profile.
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The unique vaccine formulation depends upon novel, properly folded recombinant
envelope subunit proteins (“dengue 80E” or “DEN-80E” or “DEN1-80E” or “DEN2-80E” or
“DEN3-80E” or “DEN4-80E” or “DEN4-80EZip™) combined with adjuvants to produce the
vaccine formulations. The unique combination in varying ratios of monomeric and/or dimeric

S forms of the recombinant envelope proteins of the formulation are designed specifically to
address the need for balanced tetravalent responses. The vaccines are designed to induce
relevant, balanced, tetravalent protective immune responses, such as virus neutralizing antibody
in healthy human volunteers and to maintain an acceptable safety profile for administration to
healthy and immunocompromised individuals. An additional advantage of the vaccine

10  compositions described herein is that they do not contain significant quantities of the pre-
membrane (prM) protein, potentially minimizing risk of ADE which has recently been linked to
anti-prM antibodies (Dejnirattisai ef al., Science 328:745-748 (2010); Rodenhuis-Zybert et al.,
PLos Pathogens 6:1-9 (2010)). The 80E proteins are expressed co-translationally with prM, but
the polyprotein is cleaved as it transits the secretory pathway at the prM-E junction by host cell

15 signalase releasing the 80E component into the culture medium for purification (Clements ef al.,
2010 Vaccine 28:2705). ‘

Other aspects of this invention include use of therapeutically effective amounts of
the vaccines in an acceptable carrier as an immunoprophylactic against disease caused by dengue
virus infection and use of the therapeutically effective amount of the vaccines in an acceptable

20  carrier as a pharmaceutical composition.

As used throughout the specification and in the appended claims, the singular
forms “a,” “an,” and “the” include the plural reference unless the context clearly dictates
otherwise.

As used throughout the specification and appended claims, the following

25  definitions and abbreviations apply:

The term "treatment” refers to both therapeutic treatment and prophylactic or
preventative measures. Individuals in need of treatment include those already with the dengue
infection, whether or not manifesting any clinical symptoms, as well as those at risk of being
infected with dengue, i.e. those subjects/patients in which dengue infection and/or the clinical

30  manifestations thereof are to be prevented. Treatment of a patient with the dengue vaccines of
the invention includes one or more of the following: inducing/increasing an immune response
against dengue in the patient, preventing, ameliorating, abrogating, or reducing the likelihood of
the clinical manifestations of dengue in patients who have been infected with dengue, preventing
or reducing the likelihood of developing dengue fever, DHF, or DSS and/or other disease or

35  complication associated with dengue infection, reducing the severity or duration of the clinical
symptoms of dengue infection and/or other disease or complication associated with the dengue,
and preventing or reducing the likelihood of dengue infection.

-4-
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The term "therapeutically effective amount" means sufficient vaccine composition
is introduced to a patient to produce a desired effect, including, but not limited to:
inducing/increasing an immune response against dengue in the patient, preventing or reducing
the likelihood of dengue infection or dengue recurrent infection, preventing, ameliorating or
abrogating the clinical manifestations of dengue infection in patients who have been infected
with dengue, preventing dengue fever, DHF and/or DSS, reducing the severity or duration of
disease associated with dengue. One skilled in the art recognizes that this level may vary.

The term “immune response” refers to a cell-mediated (T-cell) immune response
and/or an antibody (B-cell) response.

The term “patient” refers to any human being that is to receive the dengue
vaccine/immunogenic compositions described herein, including both immunocompetent and
immunocompromised individuals. As defined herein, a "patient" includes those already infected
with dengue, either through natural infection or vaccination or those that may subsequently be
exposed.

"MAA" means Merck aluminum adjuvant. MAA is an amorphous aluminum
hydroxyphosphate sulfate adjuvant. The term "MAA" is used interchangeably herein with the
term "amorphous aluminum hydroxyphosphate sulfate” or "AAHS."

An "ISCOM-like adjuvant" is an adjuvant comprising an immune stimulating
complex (JISCOM), which is comprised of a saponin, cholesterol, and a phospholipid, which
together form a characteristic caged-like particle, having a unique spherical, caged-like structure
that contributes to its function (for review, see Barr and Mitchell, Immunology and Cell Biology
74: 8-25 (1996)). This term includes both ISCOM adjuvants, which are produced with an
antigen and comprise antigen within the ISCOM particle and ISCOM matrix adjuvants, which
are hollow ISCOM-type adjuvants that are produced without antigen. In preferred embodiments
of the compositions and methods provided herein, the ISCOM-type adjuvant is an ISCOM matrix
particle adjuvant, such as ISCOMATRIX®, which is manufactured without antigen ISCOM®
and ISCOMATRIX® are the registered trademarks of CSL Limited, Parkville, Australia).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a silver stained sodium dodecyl] sulphate — polyacrylamide gel
electrophoresis (SDS-PAGE) gel (panel A) and Western blot (panel B) of purified cGMP grade
DEN1-80E, DEN2-80E, DEN3-80E and DEN4-80EZip (1 pg of each sample) . All samples
were run under non-reducing conditions on 10% gels. The Western blot was developed using a
mouse monoclonal antibody (4G2) which recognizes all dengue viruses. The sizes of the
molecular weight markers (in kD) are indicated to the left of the gel and blot.
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Figure 2 shows results of a tetravalent dengue rhesus macaque challenge study:
post challenge quantitative viremia assessment by direct plaque assay of monkey serum on Vero

“cells, as described in Example 6.

DETAILED DESCRIPTION OF THE INVENTION

As described above, several attempts at the development of a dengue vaccine for
human use have been made, but so far, these attempts have been plagued by issues with safety
and/or efficacy. To that end, the present invention provides compositions that are useful for the
prevention and/or treatment of dengue virus infections in human subjects, and/or the clinical
manifestations thereof.

Many previous efforts have been directed at the development of human dengue
vaccines that are both safe and sufficiently immunogenic (e.g. capable of inducing balanced
tetravalent responses in immunized individuals). Despite these efforts, no dengue virus vaccines
for human use, that fully meet these conditions, have been established to date. Therefore, the
technical problem to be solved by the invention is the discovery of dengue virus vaccines that
satisfy two major conditions; the ability to (1) induce balanced, tetravalent protective immune
responses in vaccinated individuals (human subjects), and (2) maintain an exceptional safety
profile in human subjects including infants, elderly and immunocompromised. This represents a
significant challenge in dengue virus vaccine development, and to date no vaccine formulation
has been shown to adequately address all aspects of this technical problem. There is a bigh,
unmet and growing demand, for a solution as the prevalence of dengue viral infections increase.

All flavivirus envelope proteins share significant homology. Antibodies directed
against epitopes contained within all three external domains of the envelope protein are capable
of viral neutralization, i.e., the inhibition of virus infection of susceptible cells in vitro. A high
titer of viral neutralizing antibodies is generally accepted as the best in vitro correlate of in vivo
protection against flaviviral infection and prevention of flavivirus induced disease (Markoff
Vaccine (2000) 18:26-32; Ben-Nathan et al., J. Inf. Diseases ( 2003) 188:5-12; Kreil et al., J.
Virol. (1998) 72:3076-3081; Beasley et al., Vaccine (2004) 22:3722-26). Therefore, a vaccine
that induces high titer dengue virus neutralizing responses will likely protect vaccinees against
disease induced by dengue viruses.

The more frequent association of DHF and DSS with secondary dengue infection
is hypothesized to be due to the presence of cross reactive, non-neutralizing, antibodies resulting
from the first infection, which up regulate replication of the second infecting serotype by
promoting infection of Fc receptor bearing cells such as monocytes/macrophages by the Fe-
receptor-mediated route (ADE; Halstead 1988; Halstead 1989). Alternatively, a more recent
hypothesis holds that through the phenomenon of “original antigenic sin” the initial immune
response is directed primarily against the first infecting serotype, which allows the second
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infecting serotype to replicate and gain an advantage before a more specific immune response can
be initiated (Mongkolsapaya et al., 2003). Regardless of mechanism, this phenomenon of
enhanced secondary infection has important implications for vaccine development, as an
effective dengue vaccine must simultaneously induce balanced specific neutralizing antibodies
and specific memory cells against all four dengue serotypes (Halstead and Deen, 2002). This has
proven to be a major problem in dengue vaccine development.

To demonstrate how this problem has caused issues in dengue vaccine
development a review of efforts conducted to date is useful. A significant amount of effort has
been invested in developing candidate live-attenuated dengue vaccine strains; however, many of
the strains tested have proven unsatisfactory and interference between viral serotypes has proven
very challenging. Two development programs using classically attenuated viruses progressed to
Phase 2 clinical testing, but were stalled or halted in Phase 2 due to interference and/or
production issues.

As an alternative to traditional live-attenuated methods to develop flavivirus
vaccines, recombinant chimeric methods have been utilized. This method utilizes a known
attenuated strain as a base and the appropriate genes (ptM and E for flaviviruses) from a related
virus of interest are substituted for the equivalent genes of the base virus. One approach that has
been used for WN and dengue vaccine development is use of an intertypic chimeric based on an
attenuated DEN-4 strain (Bray, M. et al., J. Virol. (1996) 70:4162-4166; Chen, W., et al., J.
Virol. (1995) 69:5186-5190; Bray, M. and Lai, C.-J., Proc. Natl. Acad. Sci. US4 (1991)
88:10342-10346; Lai, C. J. et al., Clin. Diagn. Virol. (1998) 10:173-179). Another approach has
been the use of the YF 17D attenuated strain as a base to develop recombinant chimeric vaccines
for JE virus, DEN viruses, and WN virus (Guy, B. ef al. Vaccine (2011), doi:
10.1016/j.vaccine.2011.06.094; Lai, C.J. and Monath T.P. Adv Virus Res (2003) 61:469-509;
Monath et al . Proc. Natl. Acad. Sci. USA (2006) 103:6694). While the use of live-attenuated
chimeric methods has advantages over traditional live-attenuated methods, the chimeric methods
are still plagued by difficulties faced in developing properly attenuated strains and in achieving
balanced, tetravalent responses against dengue viruses.

Currently there are commercially available vaccines produced for JE and TBE
utilizing whole inactivated virus methods. As with live-attenuated virus methods, the use of
inactivated virus methods for certain flaviviruses has not guaranteed success with other
flaviviruses. For example, efforts to develop inactivated DEN vaccines have met with limited
success. Primarily these approaches have been limited by the inability to obtain adequate viral
yields from cell culture systems. Virus yields from insect cells such as C6/36 cells are generally
in the range of 10 to 10° pfu/ml, well below the levels necessary to generate a cost-effective
inactivated virus vaccine. Yields from mammalian cells including LLC-MK2 and Vero cells are
higher, but the peak yields, approximately 10 pfu/ml from a unique Vero cell line, are still lower
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than necessary to achieve a truly cost-effective vaccine product. Low yields may further impact
the ability to induce balanced tetravalent responses.

The use of naked DNA methods has also been evaluated in an effort to develop
non-replicating flavivirus vaccines for DEN, JE, TBE and WN (Porter et al, 1998; Raviprakash
et al, 2000; Konishi et al, 1998; Chang et al, 2000; Schmaljohn et al, 1997; Aberle et al, 1999;
Davis et al, 2001). The DNA method offers advantages in ease of production, use of defined
sequences, potential to elicit both humoral and cellular immunity due to the expression of
antigens in vivo. Despite these advantages, the ability to induce consistent and robust immune
response continues to be a major hurdle to this approach. While there has been some success
inducing relevant protective immune responses in animal models (Davis et al, 2001), the ability
to induce these responses in humans is not yet established. Additionally, DNA vaccines face
additional regulatory scrutiny due to concerns about integration of plasmid sequences in the host
genome and the potential of generating auto-antibodies to double stranded DNA.

The use of recombinant subunit proteins for flavivirus vaccine development is
another example of a non-replicating virus approach. This approach offers advantages in
production of well defined products and the potential to elicit specific immune responses. While
the potential to generate relevant and robust immune responses exist, there are challenges
associated with use of recombinant subunits This is due to both the quality of the proteins
(native-like structure) and the need for adjuvants in eliciting the desired immune responses.
Recombinant subunit vaccines have a long history of safety and protective efficacy illustrated
most effectively by the recombinant subunit Hepatitis B vaccines {(e.g. RECOMBIVAX BB®
(Merck Sharp & Dohme Corp., Whitehouse Station, NJ) and ENGERIX B® (GlaxoSmithKline
Biologicals SA Corp., Belgium) and more recently by the human papilloma virus vaccines (e.g.
GARDASIL® (Merck Sharp & Dohme Corp.) and CERVARIX® (GlaxoSmithKline Biologicals
SA Corp.). The fact that there is no replicating virus present at any time during production helps
assure that there is very limited risk associated to administration of the subunit vaccine to healthy
or immunocompromised individuals in a prophylactic setting. Moreover, the Hepatitis B and
human papillomavirus vaccines have been shown to be highly immunogenic and efficacious.

The expression of recombinant flavivirus proteins has focused on the structural
proteins C, prM and E and the non-structural protein NS1. The E protein has been the subject of
most efforts as this protein is exposed on the surface of the virus and is involved in important
biological aspects of the virus and is the target of neutralizing antibodies in infected hosts
(Chambers, supra; Mason, P. W., J. Gen Virol (1989) 70:2037-2048). Furthermore, monoclonal
antibodies directed against purified flavivirus E proteins are neutralizing in vitro and some have
been shown to confer passive protection in vivo (Henchal, E.A. et al., Am. J. Trop. Med. Hyg.
(1985) 34:162-169; Heinz, F. X. et al., Virology (1983) 130:485-501; Kimura-Kiroda, J. and
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Yasui, K., J. Immunol. (1988) 141:3606-3610; Trirawatanapong, T. et al., Gene (1992) 116:139-
150).
Towards the goal of producing recombinant flavivirus proteins for use in vaccines
a variety of expression systems have been utilized such as E. coli, yeast and baculovirus. These
5  attempts have been plagued by low yields, improper processing of the flavivirus proteins, and
moderate to poor immunogenicity (Eckels and Putnak, 2003). There is a need to maintain the
native-like structure of the E protein in order for the recombinant proteins to serve as potent
immunogens. The ability to produce recombinant E proteins with native-like structure is highly
dependent on the expression system utilized. U.S. Patent 6,165,477 discloses the process for
10 expression of DEN E protein subunits in yeast cells. The E subunits expressed in yeast cells
demonstrated improved structure over bacterial systems, but still faced problems with hyper-
glycosylation and yields.
In more recent studies, it has been established that the use of stably transformed
insect cells to express truncated forms of the E protein results in products that maintain native-
15 like structure as determined by X-ray crystallography (Modis et al, 2003; Modis et al, 2005; and
Zhang et al, 2004). The use of the stably transformed insect cell system has resulted in
successful expression of truncated recombinant Flavivirus E proteins, such as DEN serotypes 1-
4, JE, TBE and WN, U.S. Patent 6,136,561 discloses the process for expression of DEN, JE,
TBE and YF E subunit proteins in stably transformed insect cells. Ivy et al. (U.S. Patent
20 6,432,411) disclose the utility of flavivirus E subunit proteins (equivalent to amino acids 1-395
of the DEN-2 envelope polypeptide) expressed in stably transformed insect cells as candidate
vaccines when combined with saponin containing iscom-like structures. Ivy et al. further report
a tetravalent subunit vaccine comprising 80% E proteins from all four DEN types (DEN 1-4), as
well as compositions comprising DEN 1-4 80% E and ISCOMATRIX® adjuvant. A small pilot
25  study analyzing the immunogenicity and protective efficacy of this tetravalent vaccine in
monkeys was performed (Clements et al., Vaccine 28: 2705-15 (2010); Coller et al. Vaccine 29:
7267-75 (2011)). The vaccine was said to induce neutralizing antibodies and protective
immunity against more than one dengue type. U.S. Patent 6,749,857 discloses the expression of
dimeric forms of the truncated dengue envelope proteins such as the DEN4-80EZip described in
30  the current application. U.S. Patent 6,416,763 describes the benefit of including non-structural
protein 1 (NS1) produced by stably transformed insect cell lines in a recombinant E-based
vaccine formulation. These patents demonstrate the utility of the flavivirus subunits expressed
from stably transformed insect cells when combined with the saponin containing iscom-like
structures in animal models. However, these patents do not address or predict a vaccine
35  formulation based solely on E formulated with an adjuvant that has demonstrated
immurfogenicity in human subjects. Many vaccine candidates have demonstrated potential
efficacy in animal models but failed to make the successful transition to human use.
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In general, the use of non-replicating virus vaccine approaches such as inactivated
virus, recombinant subunit protein and DNA have several advantages over the live-attenuated
virus vaccine approaches. Primarily these advantages are related to safety as no live virus is
delivered to subjects. Other advantages include the ability to accelerate dosing schedules

5  compared to live attenuated viruses and the ability to modulate and balance immune responses by
adjusting dosage and adjuvantation.

In the development of flavivirus vaccines for humans it has been difficult to
predict safety and immunogenicity of candidate vaccines in human subjects based on preclinical
data in animal models. This has proved challenging for many of the live-attenuated virus vaccine

10 candidates that have advanced to human clinical trials. The most glaring example of a complete
failure was the safety profile exhibited by a cloned dengue virus type 3 isolate which displayed a
very attractive safety profile in non-human primates, but which induced dengue fever in vaccine
recipients in Hong Kong (Sanchez et al., FEMS Immunol. Med. Microbiol. (2006) 24:4914-26).
This challenge may be decreased by use of non-replicating virus vaccines which do not require

15 the same level of virus/host interactions in order to achieve vaccine efficacy as replicating virus
vaccines. However, there are numerous examples of non-replicating virus vaccine candidates
which have shown good safety and protective efficacy in preclinical models, which failed to
function as safe and effective vaccines in humans {(e.g. inactivated RSV vaccine; Murphy et al., J.
Clin. Microbiol. (1986) 24:197-202). Thus, there can be multiple challenges associated to

20 developing safe and effective vaccines for flaviviruses and development often requires years of
trial and error. Furthermore, preclinical studies based on animal models may not be predictive of
vaccine performance in human subjects; and therefore, human data is critical in demonstrating a
candidate vaccine’s potential.

While there are numerous investigational dengue vaccines in various stages of

25  preclinical research and development, only six vaccine candidates have proceeded to human
clinical trials. The six vaccines that have been tested in clinical studies are: (1) live, attenuated
dengue serotype 4 chimeras (e.g. Durbin et al. 2006, Human Vaccines 2:167; Blaney et al., 2005,
J. Virol. 79:5516); (2) live, attenuated Yellow Fever-dengue chimeras (Chimerivax; e.g.
Morrison et al., 2010, J. Jnf Dis. 201:370); (3) classically attenuated virus vaccines developed

30 by the Walter Reed Ammy Institute of Research (e.g. Sun et al., 2009, Human Vaccines 5:33); (4)
live, attenuated dengue serotype 2 chimeras (e.g. Huang et al., 2003, J. Virol. 77:11436); (5) a
DNA-based vaccine expressing ptM-E (Raviprakash et al., 2006, Virology 353:166); and (6)
classically attenuated virus vaccines developed by Mahidol University (e.g. Bhamarapravati et
al., 1987). However, there are intrinsic difficulties and potential shortcomings associated with

35  each of the candidate vaccines.

Further issues with live attenuated virus approaches for dengue include the
challenges associated to combination of four independently replicating viruses in a tetravalent
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vaccine. Issues with interference have plagued all tetravalent formulations tested to date and
bave resulted in unbalanced tetravalent immunity and the requirement for 3 doses administered at
an extended interval (e.g. 0, 6, 12 months). This is less than ideal and could present safety issues
for individuals who have been partially immunized and become exposed to wild type virus as
these individuals may be at higher risk of exacerbated disease (e.g. dengue hemorrhagic fever).

The final dengue vaccine that has been tested in clinical trials is a DNA vaccine.
Naked DNA vaccines are unproven for any infectious disease at this time, and the issue of
potential immunopathology due to the induction of an autoimmune reaction to the DNA over the
long term is unresolved. No or low virus peutralizing antibodies were elicited by the vaccine
formulations tested, suggesting lack of potential efficacy.

One aspect of the invention described herein provides a subunit dengue virus
envelope glycoprotein (e.g. DEN1-80E, DEN2-80E, DEN3-80E, DEN4-80E, or DEN4-80EZip)
that is produced and secreted using a recombinant expression system and combined with an
adjuvant in a vaccine formulation (e.g. HBV-001 D1). The disclosed vaccines are effective in
inducing a virus neutralizing antibody response to the homologous dengue viruses in human
volunteers and have an acceptable safety profile for healthy and at-risk human subjects.

To that end, one aspect of the present invention provides an immunogenic
composition comprising an effective amount of purified dengue virus envelope (“E”) proteins of
serotype DEN-1, DEN-2, DEN3, and DEN-4, a pharmaceutically acceptable excipient, and an
effective amount of adjuvant; wherein the E proteins each constitute approximately 80% of the
length of wild type E starting from amino acid residue 1 at its N-terminus, such that said E
protein is secretable into growth medium when expressed recombinantly in a host cell; wherein
the DEN-4 E protein is dimeric (“DEN4-80EZip”); and wherein the composition induces the
production of neutralizing antibodies in human subjects. In preferred embodiments of this aspect
of the invention, the E proteins in the composition described above are recombinantly produced
and expressed in insect host cells. In further preferred embodiments, the E protein is
recombinantly produced and expressed in Drosophila melanogaster Schneider 2 (S2) host cells,
as described, infra.

The recombinant subunit dengue virus E proteins of the present invention are
produced by means of a cell culture expression system that uses Drosophila Schoeider 2 (S2)
celis. This system has been demonstrated to produce dengue recombinant envelope proteins that
maintain native-like structure (Cuzzubbo et al., Clin. Diogn. Lab. Immurol. (2001) 8:1150-55;
Modis ef al., Proc. Natl. Acad. Sci. (2003) 100:6986-91; Modis et al., Nature (2004) 427:313-9;
Zhang et al., Structure (2004)12(9):1607-18). This expression system has also been shown to
express other recombinant envelope proteins from other flaviviruses such as West Nile, Japanese
Encephalitis, hepatitis C, and Tick Borne Encephalitis viruses. The recombinant envelope
proteins are typically truncated at the C-terminus, leaving 80% of the native envelope protein
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(“80E™). Thus 80E is defined as approximately the first 80% of consecutive amino acids of E
protein starting at amino acid 1 of its N-terminus.

The scope of the truncated 80E proteins used in the invention deletes the
membrane anchor portion (approximately the last 10% of E at the carboxy end) of the protein, in

5 other words, up to the first 90% of consecutive amino acids of E starting at amino acid 1 of its N-
terminus, thus allowing it to be secreted into the extracellular medium, facilitating recovery. The
truncation further deletes the “stem™ portion of the E protein that links the 80E portion with the
membrane anchor portion; the stem portion does not contain notable antigenic epitopes and
therefore is not included in the preferred antigens, DEN1-80E, DEN2-80E, DEN3-80E, DEN4-

10  80E, or DEN4-80EZip. More than 90%, but less than 100%, of the E protein can be cloned and
secreted, i.e., the protein can be 90%+ in length, carboxy truncated, and can include a portion of
the membrane spanning domain so long as the truncated E protein is secretable. “Secretable”
means able to be secreted, and typically secreted, from the transformed cells in the expression
system. Thus, one of skill in the art will realize that Dengue E proteins that are useful in the

15  compositions and methods of the present invention may vary from the 80% exemplified herein,
as long as the protein is secretable. In preferred embodiments of each aspect of the present
invention, the DEN E proteins are about 80% in length starting from the N-terminal amino acid
of the envelope protein and ending at an amino acid in the range of the 395™ t0 401 amino acid,
for example, from amino acid 1 to amino acid 395 of dengue virus type 2. In alternative

20  embodiments of each aspect of the invention, the dengue E protein may be about 75%, about
85%, about 90%, about 95%, or about 98% of the consecutive amino acids of E starting at amino
acid 1 of its N-terminus. In exemplary embodiments of aspects of the invention herein, the DEN
E protein is approximately 80% of consecutive amino acids of E protein starting at amino acid 1
of its N-terminus; such as DEN1- 80E, as set forth in SEQ ID NO:6, DEN2- 80E, as set forth in

25 SEQID NO:7, DEN3- 80E, as set forth in SEQ ID NO:8 and DEN4- 80E, as set forth in SEQ ID
NO:9.

The secreted E protein may further contain domains which facilitate dimerization,
such as in the DEN4-80EZip protein, such that the immunogenicity of the recombinant protein is
further enhanced. An exemplary DEN4-80EZip protein comprises an amino acid sequence as set

30  forth in SEQ ID NO:10. By combining the dimeric and monomeric forms of the recombinant E
proteins from the four dengue viruses, the immune response can be modulated such that balanced
tetravalent responses are induced. When the recombinant dengue virus 80E subunit proteins are
propetly formulated for human use they are able to induce potent virus neutralizing antibodies in
human subjects. Thus the invention provides a novel solution to a key technical problem: the

35  production of a dengue virus vaccine which demonstrates both a high level of safety and
balanced tetravalent immunogenicity in human subjects.
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Adjuvants

The vaccine formulation /immunogenic compositions of the present invention
include at least one adjuvant that is suitable for human use. In a preferred embodiment, the
dengue 80E recombinant subunit proteins are formulated with saponin-based (“ISCOM-like”)
adjuvants (e.g. ISCOMATRIX® adjuvant) and/or aluminum-based adjuvants (collectively,
“alum” or “alum-based adjuvants”).

Aluminum has long been shown to stimulate the immune response against co-
administered antigens, primarily by stimulating a T2 response and aluminum-based adjuvants
were the first adjuvants registered for human use in the United States. In addition to dengue 80E
antigens as described herein, the compositions of this aspect of the present invention are
adsorbed to aluminum adjuvant such as aluminum hydroxide, aluminum phosphate, or a mixture
thereof. Ii is preferred that the aluminum adjuvant of the compositions provided herein is not in
the form of an aluminum precipitate. Aluminum-precipitated vaccines may increase the immune
response to a target antigen, but have been shown to be highly heterogeneous preparations and
have had inconsistent results (see Lindblad E.B. Immunology and Cell Biology 82: 497-505
(2004)). Aluminum-adsorbed vaccines, in contrast, can be preformed in a standardized manner,
which is an essential characteristic of vaccine preparations for administration into humans.
Moreover, it is thought that physical adsorption of a desired antigen onto the aluminum adjuvant
has an important role in adjuvant function, perhaps in part by allowing a slower clearing from the
injection site or by allowing a more efficient uptake of antigen by antigen presenting cells.

Alum-based adjuvants are believed to function at least partially via a depot
mechanism and the combination of the recombinant dengue 80E antigens with native-like
structure and the adjuvant effect of the alum is sufficient to induce a potent immune response in
vaccinated individuals, including members of the immunodeficient population.

The aluminum adjuvant of the present invention may be in the form of aluminum
hydroxide (Al(OH)3), aluminum phosphate (AIPO,), aluminum hydroxyphosphate, amorphous
aluminum hydroxyphosphate sulfate (AAHS) or so-called "alum" (KAI(SO4)12H,0) (see Klein
et al., Analysis of aluminum hydroxyphosphate vaccine adjuvants by (27)Al MAS NMR., J.
Pharm. Sci. 89(3): 311-21 (2000)). In exemplary embodiments of the invention provided herein,
the aluminum adjuvant is aluminum hydroxide

In some embodiments of the invention, the aluminum adjuvant is in the form of
AAHS (referred to interchangeably herein as Merck aluminum adjuvant (MAA)). MAA carries
zero charge at neutral pH, while AIOH carries a net positive charge and AIPOy, typically carries a
net negative charge at neutral pH. MAA has a higher capacity to bind some antigens than AIOH,
potentially due to the net charge of the aluminum adjuvant affecting the ability to bind antigen.
In still other exemplary embodiments of the invention described herein, the aluminum adjuvant is
Alhydrogel.
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One of skill in the art will be able to determine an optimal dosage of aluminum
adjuvant that is both safe and effective at increasing the immune response to the targeted dengue
80E antigens of the vaccine composition. For a discussion of the safety profile of aluminum, as
well as amounts of aluminum included in FDA-licensed vaccines, see Baylor et al., Vaccine 20:
S18-823 (2002). Generally, an effective and safe dose of aluminum adjuvant varies from 200 to
1200 pg/mL concentration. In specific embodiments of the invention, the vaccine comprise
between 1.0 and 3.5 mg/mL aluminum adjuvant (up to 1.25 mg elemental aluminum). In
alternative embodiments of the formulations and compositions of the present invention, there is
about 100, 150, 200, 250, 300, 350, 400, 450 or 500 pg aluminum adjuvant per dose of vaccine.

Formulation with aluminum-based aduvants comprises an admixture whereby the
dengue 80FE antigens are allowed to bind to the aluminum adjuvant, e.g. Alhydrogel, such that >
75% of the antigen is bound to the aluminum hydroxide. The formulation and fill of the DEN1-
80E + Alhydrogel vaccine (HBV-001 D1) under cGMP to support clinical development is
described in Example 3.

As stated above, one aspect of the present invention provides vaccines and
compositions which comprise dengue 80E antigens in combination with an adjuvant. A
preferred adjuvant is an ISCOM adjuvant. In the formulations and methods provided herein, the
ISCOM adjuvant comprises a saponin, cholesterol, and a phospholipid, and forms an immune-
stimulating complex or ISCOM. The potent adjuvant activity of saponins, which are typically
isolated from the bark of the Quillaia saponaria tree, was first documented over 80 years ago
(for review, see Barr and Miichell, Immunology and Cell Biology 74: 8-25 (1996); and Skene and
Sutton, Methods 40: 53-59 (2006)). Compared to aluminum adjuvants, ISCOM-type adjuvants
or ISCOMs are able to provoke a broader immune response to a co-administered antigen,
comprising both T-cell and antibody responses. However, a potential for toxicity and haemolytic
activity was found, limiting the promise of saponins for human or animal use at that time.

Since then, it was discovered that saponins, when combined with cholesterol and
phospholipid, form a characteristic particle having a caged-like structure comprised of twenty or
more subunits. This unique structure contributes to the adjuvant activity of the ISCOMs.
Additionally, the incorporation of saponins into ISCOMs, together with cholesterol and
phospholipid, was shown to eliminate the haemolytic activity of saponins. It was also shown that
less adjuvant was needed to induce an immune response when ISCOMs were utilized as adjuvant
compared to free saponins (see Skene and Sutton, supra). For these reasons, ISCOMs have been
intensely studied as potential vaccine adjuvants.

To this end, the present invention relates to pharmaceutical compositions
comprising dengue 80E antigens, an ISCOM adjuvant, and a pharmaceutically acceptable carrier,
said ISCOM- adjuvant comprising a saponin, cholesterol, and a phospholipid, wherein said

-14-

PCT/US2011/058026



WO 2012/154202 PCT/US2011/058026

10

15

20

25

30

35

dengue 80E antigens constitute approximately 80% of the length of wild type E starting from
amino acid residue 1 at its N-terminus, such that said E protein is secretable into growth medium
when expressed recombinantly in a host cell. The compositions described above may further
comprise an aluminum salt adjuvant.

In preferred embodiments of this aspect of the invention, the DEN1, DEN2, and
DENS3 80E antigens included in the composition are monomeric and the DEN4 80E antigen is
dimeric. It has been shown herein (see Example 6) that a tetravalent composition comprising
monomeric forms of DEN1, DEN2, and DEN3 80E protein subunits and a dimeric form of
DEN4 (DEN4-80EZip) can induce a balanced, tetravalent immune response in rhesus monkeys
and can provide protection against viral challenge. The compositions described above may
further comprise an aluminum salt adjuvant.

In alternative embodiments of this aspect of the invention, the DEN1-80E, DEN2-
80E, DEN3-80E and DEN4-80E proteins in the composition are monomeric. In such
embodiments, the DEN4 component is present in an amount that is about 1.5 to about 3 times the
individual amounts of DEN1, DEN2, and DEN3 proteins, preferably about 2 times the amount of
the DEN1, DEN2, and DEN3 components (proteins).

In exemplary embodiments of this aspect of the invention, the ISCOM adjuvant is
the ISCOMATRIX® adjuvant, a saponin-based adjuvant. Formulation with ISCOMATRIX®
adjuvant comprises an admixture where the 80E antigens are delivered together with the
adjuvant.

In alternative embodiments of the invention, the vaccine compositions are
formulated with both an aluminum-based adjuvant and an ISCOM or saponin-based adjuvant.

Dengue Virus Envelope Protein Subunits

It has been shown herein (see Example 6) that a tefravalent composition
comprising monomeric forms of DEN1-80E, DEN2-80E, and DEN3-80E protein subunits and a
dimeric form of DEN4 (DEN4-80EZip) can induce a balanced, tetravalent immune response in
rhesus monkeys and can provide protection against viral challenge. Accordingly, in some
preferred embodiments of this aspect of the invention, the DEN1, DEN2, and DEN3 80E
antigens included in the composition are monomeric and the DEN4 80FE antigen is dimeric. The
formation of dengue 80E protein dimers is described, infra.

It has also been shown herein (see Example 7) that high, balanced immune
responses against all four dengue types can be achieved by adjusting the antigenic content of the
DEN4-80E component so that the amount of the DEN4 antigen component (either DEN4-80E or
DEN4-80EZip) is approximately double the amount of DEN1-80E, DEN2-80E, or DEN3-80E
antigen present in the composition. Accordingly, the invention provides immunogenic
compositions comprising an effective amount of purified dengue virus envelope (“E”) proteins of
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serotype DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80E, a pharmaceutically acceptable
excipient, and an effective amount of adjuvant; wherein the E proteins each constitute
approximately 80% of the length of wild type E starting from amino acid residue 1 at its N-
terminus, such that said E protein is secretable into growth medium when expressed

5 recombinantly in a host cell; and wherein the composition induces the production of neutralizing
antibodies in human subjects; wherein the antigenic content of the DEN4 component is about 1.5
to about 3 times the individual antigenic content of the DEN1, DEN2, or DEN 3 components. In
preferred embodiments of this aspect of the invention, the ratio of DEN1:DEN2:DEN3:DEN4
antigens in the compositions is approximately 1:1:1:2.

10 In some embodiments of this aspect of the invention, the DEN4 component is
DEN4-80E. Thus, the composition comprises monomers of DEN1-80E, DEN2-80E, DEN3-80E
and DEN4-80E. In alternative embodiments of this aspect of the invention, the DEN4
component is DEN4-80EZip. In such alternative embodiments, the composition comprises
monomers of DEN1-80E, DEN2-80E, and DEN3-80E and a dimer of DEN4-80EZip.

15 In a preferred embodiment of the invention, the recombinant protein component(s)
of the dengue virus vaccine formulation (DEN1-80E, DEN2-80E, DEN3-80E, DEN4-80E,
and/or DEN4-80EZip) described herein are produced by a eukaryotic cell culture expression
system, specifically the Drosophila melanogaster S2 cell system (Johansen, H. ef al., Genes Dev.
(1989) 3:882-889; Ivey-Hoyle, M., Curr. Opin. Biotechnol. (1991) 2:704-707; Culp, 1.S., et al.,

20  Biotechnology (NY) (1991) 9:173-177). This method of expression successfully produces
truncated recombinant envelope proteins from Flaviviruses, such as dengue serotypes 1-4, JE,
TBE and WN. These proteins are truncated at the C-terminus, leaving approximately 80% of the
native envelope protein (80E). The truncation deletes the membrane anchor of the protein, thus
allowing it to be secreted into the extracellular medium, facilitating recovery; the truncation also

25  deletes the stem portion, which has little immunogenic effect. Furthermore, the expressed
proteins have been shown to be properly glycosylated and to maintain native conformation as
determined by reactivity with a conformationally sensitive monoclonal antibody, 4G2.

As previously described (Ivy ef al., U.S. Patent no. 6,136,561; Ivy et al., U.S.
Patent n0.6,165,477; McDonell et al., U.S. Patent no. 6,416,763; Ivy et al., U.S. Patent no.

30 6,432,411; and Peters et al., U.S. Patent no. 6,749,857) and, used herein, DEN1-80E, DEN2-
80E, DEN3-80E, DEN4-80E, and DEN4-80EZip refer to proteins that span a dengue envelope
protein, preferably one starting from the N-terminal amino acid of the envelope protein and
ending at an amino acid in the range of the 395™ to 401% amino acid, for example, such 80E can
be the protein comprising amino acids 1 to 395 of dengue virus type 2. As described in Peters ef

35 al, U.S. Patent no. 6,749,857, the recombinant 80E protein may optionally contain a
dimerization domain linked to the 80E protein by a floppy linker (e.g. DEN4-80EZip). The
inclusion of dimeric forms of the proteins is used to modulate the immune response to selected
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components and results in the induction of balanced tetravalent responses. Expression of DEN-
80E proteins is described in Example 1. In preferred embodiments of the invention, a tetravalent
composition is provided wherein the DEN4 protein component is dimeric (e.g. DEN4-80EZip).

Dimeric 80E protein subunits, e.g. DEN4 80E dimers, can be produced by means
known in the art (See e.g. Peters et al., U.S. Patent No. US 6,749,857 B1). Briefly, three basic
approaches are described by Peters et al, supra, to construct dimeric 80% E molecules. The first
approach involves using tandem copies of 80% E covalently attached to each other by a flexible
linker. The stretch of amino acids covalently linking the two copies of DEN2 80% E is designed
to serve as a flexible tether allowing the two 80% E molecules to associate in native head-to-tail
dimeric orientation while maintaining their covalent attachment to each other. It would be
readily apparent to one of ordinary skill in the art to select other linker sequences as well. The
present invention is not limited to the specific disclosed linkers, but, to any amino acid sequence
that would enable the two 80% E molecules to associate in native head to tail dimeric orientation
while maintaining their covalent attachment to each other.

A second approach involves addition of a carboxy-terminal leucine zipper
domain to monomeric 80% E to enhance dimerization between two 80% E-leucine zipper
molecules. Two versions of this approach can be adopted. One version includes a disulfide bond
linking the leucine zipper domains resulting in a covalently linked dimer product, while the other
is based on the non-covalent association of the leucine zipper domains. The leucine zipper
domain is designed to dimerize with the identical sequence from another 80% E Zipper
molecule. The formation of a non-covalently linked leucine zipper will enhance the dimerization
of the 80% E molecules, which may associate in native head to tail conformation by virtue of the
flexible linker connecting the 80% E molecules with the leucine zipper domain. The leucine
zipper domain is designed to dimerize with the identical sequence from another 80% E Zipper
molecule. Once the leucine zipper dimerizes, a disulfide bond forms between the two ends,
resulting in a covalently linked dimer product. The formation of a covalently linked leucine
zipper will enhance the dimerization of the 80% E molecules, which may associate in native head
to tail conformation by virtue of the flexible linker connecting the 80% E molecules with the
leucine zipper domain.

The final approach used to enhance dimerization of 80% E is the addition of a helix-
turn-helix domain to the carboxy terminal end of 80% E. The helix-turn-helix domain from one
modified 80% E molecule will associate with that of another to form a dimeric four-helix bundle
domain. The formation of a non-covalently associated four helix bundle domain will enhance the
dimerization of the 80% E molecules which may associate in the native head to tail conformation by
virtue of the flexible linkers connecting 80% E to the helix bundle.

In another embodiment of the invention, DEN-80E is defined more broadly as a
dengue virus envelope protein subunit that comprises six disulfide bridges at Cys1-Cys2, Cys3-
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Cys8, Cys4-Cys6, Cys5-Cys7, Cys9-Cys10 and Cys11-Cys12; wherein the protein has been
secreted as a recombinant protein from Drosophila cells; and wherein the protein generates
neutralizing antibody responses to the homologous flavivirus when administered to human
subjects.

In a more preferred embodiment, the recombinant dengue virus envelope protein
subunit further comprises the disulphide pattern described and a hydrophilicity profile
characteristic of a homologous 80% portion of an envelope protein (80F) starting from. the first
amino acid at the N-terminus of the native dengue virus envelope protein. In other words, amino
acids can be substituted in the sequence comprising dengue virus 80E so long as the disulphide
and hydrophilicity profile is maintained to ensure that the recombinant subunit proteins retain a
native-like structure and appropriate immunogenicity (ability to elicit virus neutralizing
antibodies).

Preferably, the dengue virus 80E subunit is expressed using a Master Cell Bank in
serum free media and purified by chromatography as previously described (Ivy et al., U.S. Patent
no. 6,432,411). Manufacture of a batch of DEN1-80E under cGMP to support clinical testing is
described in Example 2.

In contrast to the added benefit described for inclusion of non-structural proteins
such as non-structural protein 1 (NS1) in dengue virus formulations tested in animals (McDonell
etal., US 6,416,763), the DEN-80E proteins of the invention serve as a potent, immunogenic
vaceines in human subjects even without inclusion of NS1.

Administration and Use

The present invention provides a means for preventing or attenuating disease that
results from infection by dengue viruses. As used herein, a vaccine is said to prevent or attenuate
a disease if administration of the vaccine to an individual results either in the total or partial
immunity of the individual to the disease, or in the total or partial attenuation (i.e., suppression)
of symptoms or conditions associated with the disease. v

Accordingly, the invention relates to a method for raising a protective immune
response in a human patient, the method comprising administering a therapeutically effective
amount of an immunogenic composition as described anywhere throughout the specification to
the patient.

The therapeutic compositions of the described invention can be administered
parenterally by subcutaneous, intramuscular, or intradermal injection; however, other systemic
modes of administration may also be employed. The preferred method of administration for the
present invention is the intramuscular route. Thus, in some embodiments of the methods of the
invention, the composition is administered to the patient via the intramuscular route. In
alternative embodiments, intradermal or subcutaneous delivery is contemplated.
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Also provided herein is a method of providing immune protection in humans
against dengue virus induced disease comprising administering an effective amount of the
compositions of the invention to the patient, thereby providing protection from dengue disease.
In this aspect of the invention, the preferred route of administration is selected from the group
consisting of: intramuscular, subcutaneous and intradermal.

The invention also relates to a method for raising a protective immune response in
a human patient, the method comprising administering a therapeutically effective amount of an
immunogenic composition comprising a purified dengue virus envelope (“E”) protein and a
pharmaceutically acceptable excipient, wherein the E protein constitutes approximately 80% of
the length of wild type E starting from amino acid residue 1 at its N-terminus, such that said E
protein is secretable into growth medium when expressed recombinantly in a host cell; and an
effective amount of adjuvant, wherein the vaccine induces the production of neutralizing

antibodies in human subjects.
Another aspect of the present invention provides an immunogenic composition

comprising an effective amount of purified dengue virus envelope (“E”) proteins of serotype
DEN-1, DEN-2, DEN3, and DEN-4, a pharmaceutically acceptable excipient, and an effective
amount of adjuvant; wherein the E proteins each constitute approximately 80% of the length of
wild type E starting from amino acid residue 1 at its N-terminus, such that said E protein is
secretable into growth medium when expressed recombinantly in a host cell; and wherein the
DEN-4 E protein is optionally dimeric; for the prevention or treatment of dengue disease and/or
dengue infection. In some aspects of the invention, the compositions described herein are to be
administered to immunodeficient populations. In further aspects, the compositions are to be
administered to pediatric populations.

In some embodiments of this aspect of the invention the DEN4 component of the
composition is DEN4-80EZip. In alternative embodiments, the DEN4 component is DEN4-80E
or DEN4-80Ezip and the amount of the DEN4 protein is about 1.5 to about 3 times the amount of
the DEN1-80E, DEN2-80E, or DEN3-80E component.

Other aspects of this invention also describe the use of a composition as described
above or throughout the specification for the manufacture of a medicament for the treatment or
prevention of dengue infection or disease caused thereby.

The active pharmaceutical ingredients of the compositions described herein
(dengue 80F and/or dengue 80Ezip) are delivered to the patient in a "therapeutically effective
amount," i.e. an amount that is physiologically significant, as described in the Summary of the
Invention. The active ingredients of the compositions of the invention are present in a
physiologically significant amount if the administration of the composition to a patient results in
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a detectable change in the physiology of the recipient patient. In the present invention, a
detectable change in the recipient patient is the induction of a neutralizing antibody against the
homologous dengue virus.

The active vaccine of the invention can be used alone or in combination with
other active vaccines such as those containing other active subunits to the extent that they
become available. Corresponding or different subunits from one or several viruses or serotypes
may be included in a particular formulation. The active vaccine of the invention may further
comprise a pharmaceutically acceptable excipient.

Many different techniques exist for the timing of the immunizations when a
multiple administration regimen is utilized. It is preferable to use the compositions of the
invention more than once to increase the levels and diversities of expression of the
immunoglobulin repertoire expressed by the immunized subject. Typically, if multiple
immunizations are given, they will be given one to two months apart. The preferred
immunization schedule of the invention is to immunize the subjects a 0, 1, and 2 months. Other
immunizations schedules can also be utilized. For example, alternative irnmunization schedules
such as 0, 1 and 3 months, or 0, 1 and 6 months could be used. )

To immunize subjects against dengue virus-induced disease for example, the
vaccines containing the subunits are administered to the subject in conventional immunization
protocols involving, usually, multiple administrations of the vaccine. Administration is typically
by injection, typically intramuscular or subcutaneous injection; however, other systemic modes
of administration may also be employed.

Immunogenic Compositions

As stated, supra, one aspect of the present invention is an immunogenic
composition comprising an effective amount of purified dengue virus envelope (“E”) proteins of
serotype DEN-1, DEN-2, DEN3, and DEN-4, a pharmaceutically acceptable excipient, and an
effective amount of adjuvant; wherein the E proteins each constitute about 80% of the length of
wild type E starting from amino acid residue 1 at its N-terminus; wherein the DEN-4 E protein is
dimeric; and wherein the composition induces the production of neutralizing antibodies in human
subjects.

In embodiments of this aspect of the invention, the amount of Dengue E protein
for each serotype is from about 1 pg to about 150 pg, from about 1 pg to about 10 pg, from about
1 pg to about 5 pg, from about 2 pg to about 4 ug, from about 3 pg to about 6 pg, from about 5
pg to about 25 pg, from about 10 pg to about 20 pg, from about 5 pg to about 10 pg, from about
20 pg to about 25 pg, from about 40 ug to about 60 pg, from about 75 pg to about 125 pg, or
from about 90 pg to about 110 pg. In alternative embodiments, the amount of each dengue
protein is about 1 pg, about 2 pg, about 3 pg, about 4 pg, about 5 pg, about 6 pg, about 7 pg,
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about 8 pg, about 9 ug, about 10 pg, about 15 ug, about 20 pg, about 25 ug, about 30 pg, about
35 ug, about 40 pg, about 45 pg, about 50 pg, about 55 pg, about 60 pg, about 65 pg, about 70
ug, about 75 pg, about 80 pg, about 85 pg, about 90 ug, about 95 pg, about 100 pg, about 110
g, about 120 ug, about 130 ug, about 140 pg, or about 150 pg. In preferred embodiments of the
invention, the amount of each dengue E protein is approximately 3 pg, approximately 6 pg,
approximately 10 pg, approximately 20 pg, approximately 50 pg, approximately 100 pg, 3 pg, 6
pg, 10 pg, 20 pg, 50 pg, or 100 pg.

Also provided is an immunogenic composition comprising an effective amount of
purified dengue virus envelope (“E”) proteins of serotype DEN-1, DEN-2, DEN3, and DEN-4, a
pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E
proteins each constitute about 80% of the length of wild type E starting from amino acid residue
1 at its N-terminus; wherein the amount of DEN4 protein is about 1.5 to about 3 times the
individual amounts of DEN1, DEN2, and DEN3 proteins, and wherein the composition induces
the production of neutralizing antibodies in human subjects. In this aspect of the invention, the
DEN1, DEN2, DEN3 and DEN4 E proteins are monomeric (e.g. DEN-80E) or the DEN1, DEN2,
and DEN3 E proteins are monomeric and the DEN4 protein is dimeric.

In this aspect of the invention, the dengue E proteins in the composition are
present in the amounts described above, with the proviso that the DEN4 E protein, whether
monomeric or dimeric, is present in an amount that is about 1.5 to about 3 times the individual
amounts of the DEN1, DEN2, and DEN3 E proteins. Thus, merely as an example, if the DENT,
DEN2, and DEN3 E proteins are present in the composition in an amount of about 3 pg, then the
DEN4 E protein is present in the composition in an amount of about 4.5 pg to about 9 pg,
preferably about 6 pg. As a further example, if the DEN1, DEN2, and DEN3 E proteins are
present in the composition in an amount of about 10 pg, then the DEN4 E protein is present in
the composition in an amount of about 15 ug to about 30 pg, preferably about 20 pg. In another
further example, if the DEN1, DEN2, and DEN3 E proteins are present in the composition in an
amount of about 50 pg, then the DEN4 E protein is present in the composition in an amount of
about 75 ug to about 150 pg, preferably about 100 pg. One skilled in the art will realize that
while the amount of the DEN1, DEN2, and DEN3 E proteins are approximately equal, the
amounts can vary and do not have to be present in an exact 1:1:1 ratio. One skilled in the art will
be able to determine an optimal dose of each DEN E protein that is both safe and induces a
balanced, tetravalent immune response against DEN1, DEN2, DEN3 and DEN4

In preferred embodiments of the invention, the immunogenic composition
comprises about 3 ug DEN1, DEN2, and DEN3 E proteins and about 6 pg of DEN4 E protein
(DEN4-80E or DEN4-80EZip). In a further preferred embodiment, the immunogenic
composition comprises about 10 pg DEN1, DEN2, and DEN3 E proteins and about 20 pg of
DEN4 E protein (DEN4-80E or DEN4-80EZip). In a further preferred embodiment, the
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immunogenic composition comprises about 50 pg DEN1, DEN2, and DEN3 E proteins and
about 100 pg of DEN4 E protein (DEN4-80E or DEN4-80EZip).

Pharmaceutically acceptable carriers useful in the compositions of the invention
include any compatible agent that is nontoxic to patients at the dosages and concentrations
employed, such as water, saline, dextrose, glycerol, ethanol, buffers, and the like, and
combinations thereof. The carrier may also contain additional components such as a stabilizer, a
solubilizer, a tonicity modifier, such as NaCl, MgCl,, or CaCl; etc., a surfactant, and mixtures
thereof.

According to the described invention, an "effective amount" of a therapeutic
composition is one which is sufficient to achieve a desired biological effect. Generally, the
dosage needed to provide an effective amount of the composition will vary depending upon such
factors as the subject’s age, condition, sex, and extent of disease, if any, and other variables
which can be adjusted by one of ordinary skill in the art. The antigenic preparations of the
invention can be administered by either single or multiple dosages of an effective amount.
Effective amounts of the compositions of the invention can vary from 0.01-500 pg per product
per dose, more preferably from 1-100 pg per product per dose, and most preferably 5-50 pg per
product per dose. The compositions of the invention may further comprise a pharmaceutically
acceptable excipient.

In accordance with the present invention, the production of DEN1-80E, DEN2-
80E, DEN3-80E, and DEN4-80EZip active ingredients and HBV-001 D1 and tetravalent dengue
vaccines at large scale and under cGMP to support administration to human subjects is shown
(Examples 1-4). Determination of the safety and immunogenicity (efficacy) of vaccines of the
invention in non-human primates and healthy adult volunteers (Examples 5-8) is described.
Embodiments of the dengue vaccines of the invention combine two important aspects. In one
aspect, the inherent safety of recombinant subunit proteins combined with adjuvants provide the
optimal approach for prevention of a disease in healthy and immunocompromised individuals, Inl
a second aspect the production of conformationally relevant recombinant DEN1-80E, DEN2-
80E, DEN3-80E, DEN4-80E and DEN4-80EZip, antigens under current good manufacturing
practices (cGMP), in quantities sufficient to be of practical use, results in vaccines which induce
balanced tetravalent virus neutralizing antibodies in non human primates and human subjects,
providing a mechanism for protection against disease. The unique combination of the
monomeric and dimeric 80E proteins and in various ratios is utilized to assure tetravalent balance
which is critical for minimizing the risk of exacerbated disease such as DHF. The combination
of these novel aspects results in the novel invention of dengue virus vaccines which are safe and
effective in human subjects. These vaccine formulations are further characterized by the
unexpected finding that inclusion of the non-structural protein NS1 is not required for effective
immunogenicity and protection. Moreover, the disclosed dengue vaccines address the technical
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problem of inducing relevant protective immune responses in vaccinated individuals while
maintaining an acceptable safety profile, in particular for those subjects at highest risk of severe
disease, including infants, the elderly, and immunocompromised.

All publications mentioned herein are incorporated by reference for the purpose of
describing and disclosing methodologies and materials that might be used in connection with the
present invention. Nothing herein is to be construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior invention.

Having described preferred embodiments of the invention with reference to the
accompanying drawings, it is to be understood that the invention is not limited to those precise
embodiments, and that various changes and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit of the invention as defined in the appended
claims.

The following examples illustrate, but do not limit the invention.

Example 1
Expression and Purification of Dengue 80E Proteins in the Drosophila S2 system

The expression plasmid pMttbns (derived from pMttPA) contains the following
elements: Drosophila melanogaster metallothionein promoter, the human tissue plasminogen
activator secretion leader (fPAL) and the SV40 early polyadenylation signal. A 14 base pair
BamHI (restriction enzyme from Bacillus amyloligufacience) fragment was excised from the
pMttbns vector to yield pMttAXho that contains a unique X#ol (restriction enzyme from
Xanthomonas holicicola) site in addition to an existing unique Bg/ll (restriction enzyme from
Bacillus globigii) site. This expression vector promotes the secretion of expressed proteins into
the culture medium. Dengue sequences were introduced into the pMttAXho vector using these
unique Bg/Il and XAol sites. Dengue sequences used for studies described herein are represented
by SEQ ID NO’s 1-5, as follows: (1) SEQ ID NO:1; DEN1 prM-80E; (2) SEQ ID NO:2; DEN2
prM-80E; (3) SEQ ID NO:3; DEN3 prM-80E; (4) SEQ ID NO:4; DEN4 prM-80E; and (5) SEQ
ID NO:5; DEN4 prM-80EZip. For the expression of carboxy-truncated dengue envelope
proteins, the relevant gene fragment was amplified from viral RNA or cDNA clones. The
synthetic prM80E (pre-membrane protein-80% glycoprotein E) gene fragment included two stop
codons immediately following the last dengue codon.

S2 cells were co-transformed with both the expression plasmid and the pCoHygro
selection plasmid that encodes hygromycin resistance utilizing the (i) calcium phosphate co-
precipitation method or (ii) Cellfectin (Invitrogen Kits, Carlsbad, CA) according to the
manufacturer's recommendations. Cells were co-transformed with 20 pg total DNA with a 20:1
ratio of expression plasmid to selection plasmid. Transformants were selected with hygromycin
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B (Roche Molecular Biochemicals, Indianapolis, IN) at 300 pg/ml. Following selection, cells
were adapted to growth in the serum free medium, Excel 420 (JRH, Lenexa, KS). For expression
studies, cells were grown in Excel 420, 300 pg/ml hygromycin, and induced with 200pM
CuSO4. Cells were seeded at a density of 2 X 106 cells/ml and allowed to grow for 6-7 days.
Under optimal conditions, cell densities of 1.5 to 2 X 107 cells/ml were achieved after 6-7 days
of growth. The culture supernatant was examined for expressed protein by SDS-PAGE and
Western blot.

For the detection of the DEN-80E on Western blots, rabbit polyclonal anti-dengue
virus antibody developed against purified inactivated dengue virus followed by an anti-rabbit
IgG-alkaline phosphatase conjugated secondary antibody was used. The blots were developed
with NBT/BCIP (Sigma Chem. Co., St. Louis, MO) solid phase alkaline phosphatase substrate.

Purification of the DEN1-80E, DEN2-80E, DEN3-80E, DEN4-80E or DEN4-
80EZip, protein was accomplished by immunoaffinity chromatography (JAC) using the
monoclonal antibody (MAb) 4G2. Briefly, the procedure involves the clarification of the post-
expression medium. The crude material is then loaded onto the IAC column, which contains
immobilized MADb that is covalently coupled via N-hydroxysuccinimide chemistry. After the
sample is loaded, the matrix is washed with 10 mM phosphate buffered saline (PBS), pH 7.2,
containing 0.05% (v/v) tween-20 (PBST, 140 mM NaCl). Bound protein is eluted from the JAC
column with 20 mM glycine buffer, pH 2.5. The eluate is neutralized then buffer exchanged
against PBS. The purification products are routinely analyzed by SDS-PAGE with Coomassie or
silver staining, Western blot, UV absorption, and enzyme linked immuosorbent assay (ELISA) to
determine purity, identity, quantity, and bioactivity, respectively. In addition, samples were
analyzed by N-terminal amino acid sequencing and amino acid analysis. These analyses
provided confirmation of identity and quantity of the purification products.

Figure 1 provides representative SDS-PAGE (Panel A) and Western blot (panel
B) profiles of the purified DEN-80E proteins. For the analysis, samples were run under non-
reducing conditions. The DEN1-80E, DEN2-80E, and DEN3-80E molecules migrate as a single
band with a relative molecular weight consistent with that determined from the amino acid
composition (i.e., 45kD). The DEN4-80EZip protein migrates primarily as a dimer under non-
reducing conditions with an apparent molecular weight of approximately 90kD.

Example 2

Production of cGMP Lots of DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip

A Master Cell Bank (MCB) was prepared from each of the S2 cell lines under
c¢GMP conditions. The cGMP manufacturing process involves expansion of the S2 MCB cell
line to a stirred tank bioreactor and then harvesting the culture mediwmn containing the secreted
protein. The cells are separated from the culture medium by filtration utilizing depth filters. The
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DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip was then purified from the resultant
clarified supernatant by immunoaffinity chromatography using the 4G2 monoclonal antibody.
The immunoaffinity purification product was subsequently taken through a low pH viral
inactivation step and a viral filtration step using membranes with pore sizes capable of removing
20 nm particles. The ability to take the recombinant subunit vaccine components through low
pH viral inactivation and viral filtration steps is an advantage over live attenuated vaccines where
this is not possible. These viral clearance steps significantly simplify adventitious agent testing
and provide an additional level of safety for the product. The final processing of the DEN-80E
proteins involved buffer-exchange and concentration by ultrafiltration followed by a final
filtration through a 0.2um filter.

The manufacture of lots of DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip
under cGMP was accomplished as described below. Vials of each MCB were thawed and the
contents of each thawed vial was cultured in a 10 mL volume of EX-CELL medium for 5 days at
26°C. Each culture was expanded to 500 mL disposable shake flasks. The cultures were grown
until a cell density of 1.5 X 10”/mL was achieved. Flasks were pooled and used to inoculate a
larger culture in 2 disposable shake flask which was then grown for 3 to 4 days. The culture was
grown until a depsity of 2 X 107 cells/mL was achieved. The culture was then expanded to
multiple cultures in disposable shake flasks. These cultures were grown until an average cell
density of 1.6 X 107 cells/mL was achieved. The cells from the flasks were pooled and used to
inoculate a 20 L stainless steel bioreactor. The culture was grown until a cell density of 1.2 X
107 cells/mL was achieved. The appropriate amount of cells from the 20L bioreactor were
transferred to a 100 L stainless steel bioreactor to achieve an initial cell density of 2 X 10°
cells/mL. The culture was grown until a cell density of > 4.0 X 10° cells/mL was achieved. The
culture was then induced by adding copper sulfate to the culture to achieve a final concentration
of 0.2 mM. The culture was then grown for 5 days. The 100L of each culture was harvested by
depth filtration using a 0.45 um filter cartridge which was followed by a 0.2 um filter cartridge.
The filtrate was collected in 10 L volumes in single use bags and stored at -20°C.

The DEN1-80E, DEN2-80E, DEN3-80E, or DEN4-80EZip bulk harvest was
thawed at ambient temperature (15-25°C) for approximately 24 hours. Particulates were then
removed by passage of the material through a 5 pm pore size filter. The filtered bulk harvest was
loaded directly onto a 4G2-sepharose column. After loading, the column was washed with 11
mM PBS, pH 7.1, containing 0.05% Tween-20 (PBST) then retained 80E was eluted by lowering
the pH with a glycine buffer. Sub-batches were pooled then viral inactivated by lowering the pH
to a final pH of 3.8 and incubating the material at ambient temperature (15-25°C) for 16-24 hours
after which the pH was adjusted to 7.0 £ 0.5. The material was passed through a 0.2 pm pre-
filter to remove small particulates then viral filtered using a 20 nm pore sized membrane. The
material was then concentrated and buffered exchanged by ultrafiltration and a final sterile
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filtration was accomplished by passage through a 0.2 pm filter directly into sterile bags. The
purified 80E biologic substances underwent extensive safety, identity, strength, and purity
assessments prior to release for formulation into the vaccine products.

Example 3

Formulation of the HBV-001 D1 Vaccine for Use in Clinical Studies

Formulation of the monovalent DEN1-80E alum adsorbed (HBV-001 D1) vaccine
was conducted under cGMP. Briefly, the purified biologic substance DEN1-80E described in
Example 2 was thawed and transferred into a Class 100 Jaminar flow area. The DEN1-80E was
diluted with sterile Dulbecco’s Phosphate Buffered Saline (DPBS) to achieve a final protein
target concentration of 0.20 mg/mL and the diluted 80E solution was sterile filtered. DPBS and
Alhydrogel ‘85° were volumetrically added the diluted DEN1-80E solution to a final Aluminum
concentration of 2.50 mg/mL. The solution was mixed gently overnight at 2-8°C.

Following the overnight adsorption the quantity of DEN1-80E protein which was
not adsorbed was determined. A minimum of 75% adsorption was required to move forward to
fill of the HBV-001 D1 vaccine. The appropriate quantities of the HBV-001 D1 vaccine was
transferred into prepared sterile vials. The filled vials were stoppered, sealed, and crimped.
The filled vials of vaccine were stored at 2 to 8°C. Extensive safety, strength, identity, potency,
and purity testing was conducted prior to use of the vaccine in clinical studies.

Example 4
Formulation of the Tetravalent Dengue Antigen for Use in Clinical Studies

Formulation of the tetravalent DEN-80E vaccine was conducted under cGMP.
Briefly, the purified biologic substances DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80EZip
described in Example 2 were thawed and transferred into a Class 100 laminar flow area. The
thawed antigens were sterile filtered and the protein concentration post-filtration determined.
The DEN-80E antigens were each independently diluted with sterile Dulbecco’s Phosphate
Buffered Saline (DPBS) to achieve a final protein target concentration of 0.50 mg/mL. The four
protein solutions were then mixed volumetrically at a ratio of 1:1:1:2 for DEN1-80E:DEN2-
80E:DEN3-80E: DEN4-80EZip to produce a tetravalent solution containing DEN1-80E at 0.1
mg/mL, DEN2-80E at 0.1 mg/mL, DEN3-80E at 0.1 mg/mL, and DEN4-80EZip at 0.2 mg/mL.
The appropriate quantities of the tetravalent vaccine mixture was transferred into prepared sterile
vials. The filled vials were stoppered, sealed, and crimped. The filled vials of vaccine were
stored at 2 to 8°C. Similar formulations containing DEN1-80E, DEN2-80E, DEN3-80E and
DEN4-80E were also prepared to support clinical testing. Extensive safety, strength, identity,
potency, and purity testing was conducted prior to use of the vaccine in clinical studies. The
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tetravalent antigen is administered alone or mixed in accordance with Good Clinical Practices
with sterile, filled adjuvant prior to administration to human subjects.

Example 5

Clinical Testing of the HBV-001D1 Dengue Type 1 Recombinant Subunit Vaccine

The HBV-001 D1 vaccine manufactured under cGMP as described in Example 3
was tested in a clinical trial. The single-center, double-blind, randomized, Phase 1 study to
evaluate the HBV-001 D1 biologic product in healthy adult volunteers evaluated two different
dose levels of the vaccine’s active ingredient (DEN1-80E) with the same amount of Alhydrogel
85” adjuvant. Subjects received a single IM injection of study vaccine at Weeks 0, 4 and 8. The
design of the study is summarized in Table 1 below.

Table 1. Design of the Clinical Study HBV-001-C-101

Treatment Cohort

Low Dose DEN1-80E (10 pg) + Cohort 1

Alhydrogel (1.25 mg of elemental Al). (N = 6 active, 2 placebo)
High Dose DEN1-80E (50 pg) + Cohort 2

Alhydrogel (1.25 mg of elemental Al) (N = 6 active, 2 placebo)

Safety and tolerability were assessed throughout the study by targeted physical
examination, routine laboratory testing (hematology, clinical chemistry and urinalysis) and the
recording of vital signs and adverse events in study volunteers. In addition, subjects used diary
cards for 14 +/- 2 days after each vaccination to record reactogenicity and tolerance data as well
as specific adverse events. Efficacy assessments in this study included the determination of the
rate and extent of virus neutralizing antibody titers (i.e., immunogenicity), as determined by
PRNTs, (plaque reduction neutralization test) assay of > 1:10. There were no safety signals
identified in the study suggesting that the vaccine is safe for human subjects.

Immunogenicity data from the immunized individuals are summarized in Table 2.
Of the 6 vaccine recipients in the low-dose cohort, all subjects were negative for neutralizing
antibody titers at Weeks 0, 2, and 4. The majority of subjects (4/6) had developed neutralizing
antibodies by Week 10, which was 2 weeks after the third vaccine dose. No subject displayed
detectable antibodies by Week 34. One subject (007) showed a positive result beginning at
Week 6 (2 weeks after the second vaccine dose) which was also present at Week 10 but
undetectable at Week 34 (26 weeks post Dose 3).

Of the 6 vaccine recipients in the high-dose cohort, all subjects were negative for
neutralizing antibody titers at Weeks 0, 2, and 4. One subject showed positive results beginning
at Week 6 (2 weeks after the second vaccine dose). Two subjects displayed neutralizing

-27 -



WO 2012/154202

10

20

antibodies at Week 8 (day of third vaccine dose), and the majority of subjects (5/6) ) had

PCT/US2011/058026

developed neutralizing antibodies by Week 10. Two subjects continued to display detectable

antibody titers at Week 34. This represents the first demonstration of induction of virus

neutralizing antibodies for a non-replicating vaccine for dengue in human subjects.
All 4 placebo recipients had undetectable antibody titers at all measured time points.

Table 2. Summary of Neutralizing Antibody Titers by Subject

Visit1  Visit2 Visit 3 Visit 4 Visit & Visit 8 Visit 7
Subject Week 0 Week 4 Week 8

D (Dose 1) | Week 2 | (Dose 2)| Week 6| (Dose 3) | Week 10| Week 34
007 <10 <10 <10 62 19 44 <10
013 <10 <10 <10 <10 <10 30 <10
Low 014* <10 <10 <10 <10 <10 <10 <10
Dose 019 <10 <10 <10 <10 <10 91 <10
020 <10 <10 <10 <10 <10 32 <10
022 <10 <10 <10 <10 <10 <10 <10
025 <10 <10 <10 182 113 502 18
027 <10 <10 <10 <10 <10 58 <10
High 028 <10 <10 <10 <10 <10 <10 <10
Dose 031 <10 <10 <10 <10 <10 37 <10
033 <10 <10 <10 <10 12 62 27
041 <10 <10 <10 <10 <10 14 <10
011 <10 <10 <10 <10 <10 <10 <10
018 <10 <10 <10 <10 <10 <10 <10
Placebo 036 <101 <10 | <10__| <10 <10 <10 <10
037 <10 <10 <10 <10 <10 <10 <10

Antibody leve

s were determined by PRI

non-detectable antibody titers are designated with “<10".
*Subject 014 received only one dose of vaccine but completed all study visits and safety assessments

NT assay with a minimum detectable titer of

10. Subjects with

The results demonstrate that the HBV-001 D1 vaccine is both safe and capable of
inducing an immune response against DEN1 in human patients. Furthermore, this relevant

protective immune response was induced in vaccinated individuals without the inclusion of NS1

in the formulation, despite the anticipated requirement for NS1 for potent protection (McDonell
etal.,, US 6,416,763).

Example 6

Testing of the Tetravalent Dengue 80E Recombinant Subunit Vaccine (w/DEN4-80EZip) in
Rhesus Macaques

A tetravalent formulation comprising the unique combination of the monomeric
DEN1-80E, monomeric DEN2-80E, monomeric DEN3-80E, and dimeric DEN4-80EZip was
prepared as an admixture with ISCOMATRIX® adjuvant to deliver a dose of 1 pg of each DEN-
80E and 47 ISCO units of ISCOMATRIX® adjuvant to Rhesus macaques (Group 1). A second
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admixture was prepared which comprised the same tetravalent composition but also included a
dose of 0.1 pg of NS1 protein from DEN2 (Group 2). Groups of 12 monkeys each were
administered 3 doses of either admixture or ISCOMATRIX® alone (Group 3) at 2 month
intervals. Immunogenicity was assessed 30 days following the third dose of vaccine (study day
150). Antibody titers from individual animals immunized with the tetravalent formulation
without NS1 are presented in Table 3. As can be clearly seen, the unique combination of the
monomeric and dimeric antigens results in high titer, balanced tetravalent virus neutralizing
responses in the animals.

Table 3. Virus Neutralizing Antibody Responses Following 3 Doses of Tetravalent Vaccine

Animal ID Anti-DEN1 virus Anti-DEN2 virus Anti-DEN3 virus  Anti-DEN4 virus
response * response* response* response®

CT343 480 622 328 99

CR14 519 2979 1509 447
CNO9% 1365 1101 959 449
CN9%4 277 1710 744 305
CM80 1522 1897 603 312
CM50 184 157 166 131
CL84 151 839 589 781
CL47 829 584 608 442

CL25 NT 1187 302 309

CI27 725 1290 1034 289
CH97 2718 767 555 117
CN32 1927 867 588 256

Virus neutralizing antibody titers as determined in plaque reduction neutralization tests with a
cutoff of 50% reduction

Five months after receiving the last dose of vaccine, the animals were challenged
with wild type dengue viruses. For the challenge, each group of 12 monkeys each was randomly
subdivided into 4 groups of 3 monkeys each for challenge with one of the four dengue viruses.
Each monkey was challenged with approximately 10° plaque forming units of the wild type
dengue viruses administered by the subcutaneous route., The animals had blood samples taken
daily for the next 11 days. The blood samples were assessed for the presence of virus (viremia)
by direct plating on Vero cells or amplification on mosquito C6/36 cells and then plating on Vero
cells. While Rhesus macaques do not develop disease symptoms when infected with wild type
dengue virus, they do develop viremia and prevention of viremia is considered a surrogate for
protective efficacy. The challenge data are presented in Figure 2. While 11/12 control animals
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who had received ISCOMATRIX® adjuvant only developed viremia following challenge, all
animals that received the tetravalent vaccine formulation without NS1 (Group 1) were
completely protected from detectable viremia. 11/12 animals receiving the tetravalent vaccine
formulation which did contain NS1 (Group 2) were also protected from viremia, but surprisingly
one monkey receiving the NS1 containing formulation did develop a single day of viremia.
Thus, a tetravalent vaccine formulation containing the unique combination of monomeric and
dimeric proteins without NS1 showed balanced tetravalent immunity and complete protection
from viral challenge and surprisingly appeared to have shown superior protection compared to a
formulation which did contain NS1.

Example 7

Testing of the Tetravalent Dengue 80E Recombinant Subunit Vaccine in Rhesus Macagues

The objective of this non-GLP Rhesus monkey study was to: 1) compare the
immunogenicity and protective efficacy of the DEN4-80E and DEN4-80EZip and 2) to evaluate
the immunogenicity and protective efficacy of DEN4-80E in a tetravalent formulation with the
other monomeric DEN-80E recombinant subunits (DEN1-80E, DEN2-80E and DEN3-80E).
DEN4-80E and DEN4-80Ezip were evaluated at low, medium and high doses (6, 20 and 100
pg/dose). Likewise the tetravalent formulations were evaluated at low (3, 3, 3, 6 ug of DEN1-
80E, DEN2-80E, DEN3-80E and DEN4-80E respectively) medium (10, 10, 10, 20 pg) and high
(50, 50, 50, 100 pg) doses. The majority of tested formulations contained ISCOMATRIX®
adjuvant at 90 ISCO Units per dose. A negative control group was included that received
ISCOMATRIX® adjuvant only, at 90 ISCO Units per dose. For comparative purposes two
additional groups were included in the study. A group was included that received the medium
dose of DEN4-80E (20pg) formulated with 225 pg of Alhydrogel and a group that received the
medium tetravalent vaccine dose formulated with 37.6 ISCO Units. Each vaccine or control
formulation was administered to healthy adult, Rhesus macaques of either sex, weighing more
than 3 kg, and which were flavivirus (DEN 1, 2, 3 and 4, and WN) antibody negative by ELISA
assay. Three monkeys per group were used when evaluating monovalent DEN4 vaccines and 12
monkeys per group were used to evaluate the tetravalent formulations or the ISCOMATRIX®
negative control group.

The candidate vaccine formulations described above were administered in 0.5 mL
total volume by intramuscular inoculation. Three doses of vaccine were administered at 4 week
intervals. Virus neutralizing activity is being determined every four weeks (T=0, 4, 8, 12, 16, 20,
24, 28, 32) using the LiCor based microneutralization assay. LiCor Results for Week 12 (4 weeks
post dose 3) are summarized below in Table 4. One of the key conclusions from the week 12
results in that the immunogenicity of DEN4-80E and DEN4-80Ezip are very comparable across
the doses evaluated. The geometric mean neutralization titers for DEN4-80E at the low, medium
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and high doses were 508, 508 and 320 respectively while the titers for DEN4-80Ezip were 640,
1016 and 320. It was also observed that the group receiving the medium DEN4-80E dose
adjuvanted with ISCOMATRIX® had a substantially higher geometric mean neutralization titer
(508) than the group that received Alhydrogel (32). It was also seen that high balanced responses
across all dengue types were achieved in the groups that received the tetravalent vaccine
formulations. No clear dose response was observed for either the single component vaccines
(DEN4-80E or DEN480E-zip) or the tetravalent vaccine.

Table 4. Dengue Serotype Neutralizing Antibody Titers (LiCorsy GMT) Induced in Rhesus
Macaques at Week 12 (4 weeks post dose 3) by various Recombinant Subunit and Control
Formulations

Group | Monkeys | pormulation  [Ant-DENV- Ay DENV-2| Anti-DENV-3 | _Anti-
Per 1LiCorso |1iCorgTiters| LiCors Titers| DENV-4
Group Titers (GMT) (GMT) LiCors
(GMT) Titers
(GMT)
90 ISCO units
1 5 5 5 5
12 ISCOMATRIX®
100 pg DEN4-80E
2 3 90 ISCO units 25 20 16 320
ISCOMATRIX®
20 pg DEN4-80E
3 3 90 ISCO units 32 16 25 508
ISCOMATRIX®
6p1g DEN4-80E
4 3 90 ISCO units 16 13 20 508
ISCOMATRIX®
100 pg DEN4-
80Ezip 63 32 25 2
5 3 90 ISCO units 320
ISCOMATRIX®
20 pg DEN4-
80Ezip
6 63 25 32 101
3 90 1SCO units 016
ISCOMATRIX®
6pg DEN4-80Ezip
7 3 90 ISCO units 63 32 25 640
ISCOMATRIX®
20 pg DEN4-
8 3 80Ezip 6 5 5 32
225 pg Alhydrogel
50 ug DEN1-80E
50 pg DEN2-80E
S0 pg DENS-B0E | - 34 302 507 180
? 12 100 pg DEN4-80E
90 ISCO units
ISCOMATRIX®

10 1 12 10 ug DEN1-80E | 254 381 508 214
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Group | Monkeys | Rormulation  [ADU-DENV-|Anti-DENV-2| Anti-DENV-3 | _Anti-

Per 1LiCorsy |LiCorsTiters| LiCorsy Titers| PENV-4
Group Titers (GMT) (GMT) LiCors
(GMT) Titers
(GMT)

10 pg DEN2-80E

10 pg DEN3-80E
20pg DEN4-80E
90 ISCO units
ISCOMATRIX®

3 pg DEN1-80E
3 pg DEN2-80E
n 12 : he Deon | 339 285 604 285
90 ISCO units
ISCOMATRIX®

10 pg DEN1-80E
10 pg DEN2-80E

12 12 10 ug DEN3-80E | 554 214 359 143
20 g DEN4-80E
37.6 ISCO units
ISCOMATRIX®

NT ~ not tested; * LiCorso result of <10 considered 5 for purposes of calculating GM

Example 8
Clinical Testing of the Tetravalent Dengue 80E Recombinant Subunit Vaccine
5 The tetravalent dengue 80E vaccine manufactured under cGMP is prepared for
testing in a clinical trial. The study will consist of a Phase I study of the tetravalent dengue 80E
vaccine. The study will be a randomized, double-blind, placebo-controlled, dose escalation
study, which will evaluate the safety, tolerability, and immunogenicity of different formulations
of a tetravalent (DEN1-80E, DEN2-80E, DEN3-80E, and DEN4-80E) dengue vaccine in healthy
10  flavivirus-naive adults 18 to 45 years of age. Immunogenicity data will be collected 1 month
after each vaccination, as well as 6 months and 1 year after the third vaccination.

In all, 90 subjects will be enrolled into the study to receive 3 intramuscular
injections, of either active vaccine or placebo, administered at 0, 4, and 8 weeks. As shown in
Table 5, 3 dose levels of Dengue 1, Dengue 2, Dengue 3, and Dengue 4-80E antigens will be

15  assessed: low dose (3, 3, 3, and 6 pg, respectively), medium dose (10, 10, 10, and 20 pg,
respectively), and high dose (50, 50, 50, and 100 pg, respectively) formulations. Within each
dose level, specific vaccines tested will include ISCOMATRIX® adjuvanted (with 30 or 60
ISCO units), Alhydrogel™-adjuvanted, or non-adjuvanted formulations.
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Table 5. Investigational Formulations to be Assessed in Protocol 001
Antigen Dose Non- ISCOMATRIX | ISCOMATRIX® | Alhydrogel| Placebo | Sample
(ug) by Dengue adjuvanted | ® (30 ISCO (60 ISCO units) | (225 pg Size (N
Type (DEN1, units) aluminum) =90)
DEN2, DEN3,
DEN4)
3, 3,3, 6 (low 8 8 22
dose)
10, 10, 10, 20 8 8 8 38
(medium dose)
50, 50, 50, 100 8 8 8 ; 6 30
(high dose)
TOTAL 16 24 24 8 18 90
NA = Not Applicable.
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WHAT IS CLAIMED IS:

1. An immunogenic composition comprising an effective amount of purified
dengue virus envelope (“E”) proteins of serotype DEN-1, DEN-2, DEN3, and DEN-4, a
pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E
proteins each constitute about 80% of the length of wild type E starting from amino acid residue
1 at its N-terminus; wherein the DEN-4 E protein is dimeric; and wherein the composition

induces the production of neutralizing antibodies in human subjects.

2. The composition of claim 1 wherein the E protein is recombinantly

produced and expressed in insect host cells.

3. The composition of claim 1 wherein the E protein is recombinantly

produced and expressed in Drosophila melanogaster Schneider 2 (S2) host cells.

4, The composition of any preceding claim, wherein the adjuvant is an

aluminum salt adjuvant.

5. The composition of any preceding claim, wherein the adjuvant is an

ISCOM-type adjuvant.

6. The composition of claim 5; wherein the adjuvant is ISCOMATRIX.

7. The composition of claim 5, wherein the amount of DEN4 protein is about
1.5 to about 3 times the individual amounts of DEN1, DEN2, and DEN3 proteins.

8. The composition of claim 7, wherin the amount of DEN4 protein is about
twice the individual amounts of DEN1, DEN2, and DEN3 proteins.

9. An immunogenic composition comprising an effective amount of purified
dengue virus envelope (“E”) protein monomers of serotype DEN-1, DEN-2, DEN-3, and DEN-4,
a pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E

proteins each constitute approximately 80% of the length of wild type E starting from amino acid
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residue 1 at its N-terminus, such that said E protein is secretable into growth medium when
expressed recombinantly in a host cell; wherein the amount of DEN4 E protein is about 1.5 to
about 3 times the individual amounts of DEN1, DEN2, and DEN3 E proteins, and wherein the

composition induces the production of neutralizing antibodies in human subjects.

10.  The composition of claim 9, wherein the amount of DEN 4 E protein is
about twice the individual amounts of the DEN1, DEN2, DEN3 E proteins.

11.  The composition of claim 10, wherein the amount of DEN E proteins are

selected from the group consisting of: (a) about 3 pg DEN1-80E, about 3 ng DEN2-80E, about 3
ng DEN3-80E, and about 6 pg DEN4-80E; (b) about 10 ug DEN1-80E, about 10 pg DEN2-80E,
about 10 ug DEN3-80E, and about 20 pg DEN4-80E; (c) about 50 pg DEN1-80E, about 50 ug
DEN2-80E, about 50 pg DEN3-80E, and about 100 ng DEN4-80E; (d) about 3 pg DEN1-80E,
about 3 pg DEN2-80E, about 3 pg DEN3-80E, and about 6 ug DEN4-80EZip; (e) about 10 pg
DEN1-80E, about 10 ug DEN2-80E, about 10 pg DEN3-80E, and about 20 ng DEN4-80EZip;
and (f) about 50 ug DEN1-80E, about 50 pg DEN2-80E, about 50 ug DEN3-80E, and about 100
pg DEN4-80EZip.

12. A method for raising a protective immune response in a human patient, the
method comprising administering a therapeutically effective amount of an immunogenic

composition of any of the preceding claims to the patient.

13. A method of providing immune protection in humans against dengue virus
induced disease comprising administering an effective amount of the composition of any of

claims 1-11 thereby providing protection from dengue disease.

14. A method for raising a protective immune response in a human patient, the
method comprising administering a therapeutically effective amount of an immunogenic
composition comprising a purified dengue virus envelope (“E”) protein and a pharmaceutically
acceptable excipient, wherein the E protein constitutes approximately 80% of the length of wild
type E starting from amino acid residue 1 at its N-terminus; and an effective amount of adjuvant,

wherein the vaccine induces the production of neutralizing antibodies in human subjects.
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15.  The method of claim 14, wherein the immunogenic composition
comprises dengue virus E proteins of serotypes DEN1, DEN2, DEN3, and DEN4, wherein the
DEN4 E protein is dimeric.

16.  The method of claim 14 or claim 15, wherein the amount of DEN4 protein
is about twice the individual amount of DEN1, DEN2, and DEN3 proteins in the composition.

17.  The method of any of claims 13-16 wherein the composition is
administered via an intramuscular, subcutaneous or intradermal route of administration.

18.  Animmunogenic composition comprising an effective amount of purified
dengue virus envelope (“E”) proteins of serotype DEN-1, DEN-2, DEN3, and DEN-4, a
pharmaceutically acceptable excipient, and an effective amount of adjuvant; wherein the E
proteins each constitute about 80% of the length of wild type E starting from amino acid residue
I at its N-terminus,; and wherein the DEN-4 E protein is dimeric; for the prevention or treatment

of dengue disease.

19.  The composition of claim 16 wherein the composition is to be

administered to an immunodeficient pateint.

20.  The use of a composition of any of claims 1-11 for the manufacture of a

medicament for the treatment or prevention of dengue infection or disease.
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