P

LIGOCYT

PHARMACEUTICALS, INC.

NOROVIRUS VACCINE

VACCINE CANDIDATES: Norovirus Virus-Like Particle

CLASS: Intranasal or Intramuscular

CLINICAL INDICATION: Prevention of Norovirus Gastroenteritis
ADJUVANT: GSK’s MPL® Toll-4 Agonist

STATUS: Clinical Safety and Immunogenicity

LigoCyte’s lead vaccine candidate is being developed for the prevention of norovirus infection in humans, a widespread and
potentially serious illness that afflicts nearly 23 million Americans annually. LigoCyte has two programs in development, an
intranasally delivered, dry powder formulation and a standard intramuscular, liquid formulation. Both formulations are based on
LigoCyte's proprietary virus-like-particle (VLP) platform which is void of the genetic material for replication and infection, yet still
stimulates a strong immune response. The vaccine includes an adjuvant, GSK’'s MPL®, for increasing the vaccine’s immunogenic effect.

NOROVIRUS

Norovirus infection, more commonly known as the “winter vomiting
disease” or the “stomach flu’, is the most common cause of acute
gastroenteritis in the U.S. Historically labeled as food poisoning,
the “flu” and even rotavirus, norovirus is ubiquitous. Though it
strikes people of all ages, it is particularly common in the pediatric
and geriatric populations, where infection leads to hospitalization,
morbidity and even death. A large human reservoir, a very low
infectious dose, and multiple routes of transmission promote the
considerable impact of norovirus disease.
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Norovirus infection presents as acute onset vomltlng, watery, non-

bloody diarrhea with abdominal cramps, nausea and fever. In
otherwise healthy individuals, symptoms usually last 24 to 60 hours.
Individuals can shed virus for 30 days or more, and lengthy or even
chronic cases of recurrent infection have been noted in patients with
co-morbidities. Dehydration is the most common complication,
particularly in the elderly, young and immunocompromised
populations and often requires medical intervention. Nosocomial and
nursing home outbreaks carry a significant risk. Severe clinical
outcomes are associated with these at-risk populations, where infection can disrupt primary treatment regimens and, in severe cases,
result in death. The CDC, for example, estimates that 900,000 clinic visits by children in the developed world occur annually as a result
of norovirus outbreaks, leading to an estimated 64,000 hospitalizations. The burden of disease is even greater in the developing world,
where the CDC estimates that norovirus causes the death of 200,000 children under the age of 5 every year.

Virus-Like-Particles: (A) Trans-
mission Electron Micrograph of
Norwalk VLPs, (B) a 3-D illustration
of a VLP structure.
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Lending to the virus’ pandemic quality, extensive outbreaks occur in community environments, particularly hospitals, hotels, schools,
day cares and nursing homes. As a result, norovirus shares many similarities with other infectious agents (varicella, pneumococcus,
rotavirus) where the CDC has adopted age and/or risk-based vaccination recommendations. A norovirus vaccine would have the
greatest impact in the pediatric and geriatric populations, where the frequency of outbreaks is high and infections often result in
severe complications. The large socioeconomic burden associated with these populations supports broad, age-based immunization
recommendations on licensure of a safe and effective vaccine. In addition to these significant markets and in contrast to other
pediatric and geriatric vaccines, there is the need to immunize major segments of the healthy population (health care workers, the
military, travelers, school-aged children per entry school entry requirements) where outbreaks significantly impact readiness, safety
and productivity.

LigoCyte’s norovirus vaccine is being designed to protect against multiple norovirus variants, provide relief from the debilitating
symptoms, and disrupt epidemics by breaking the efficient person-to-person transmission.
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NOROVIRUS BURDEN

Due to the highly infectious nature of the virus, the variety of different transmission modes, the persistence of the virus outside of
its hosts, and the large human reservoir, outbreaks of norovirus are common and, without a vaccine, nearly impossible to control.
Outbreaks have been documented in nearly every setting where people are in close contact with one another, and the problem is
now recognized to be worldwide. Reflecting the burgeoning problem, detailed surveillance of norovirus outbreaks has recently been
initiated in the United Kingdom, Germany, Spain, the Netherlands, Japan, China, India, Australia, Argentina and the United States.

With the advent of sensitive diagnostic techniques the epidemiology of norovirus infection is now better characterized. Recent
data highlights the growing awareness and suggests that the burden of the disease is similar to other infectious diseases where
immunization has become standard practice. In a large three year (‘93-'96) infectious intestinal disease study performed in the UK.

(Eur J Clin Micro Infect Dis 2007; 26(5): 311-23) traditional microscopy and ELISA assays failed Table 1. % of Positive Cased by PCR
to detect an enteric pathogen in 49% of the cases of gastroenteritis, and only 6% of the Age, In Years | Norovirus | Rotavirus
samples were norovirus positive. Recently, PCR techniques were employed to re-test the 0-4 50% 54%

4,000+ original stool samples. Norovirus-positive samples increased to 36% upon re-analysis,
with only 25% of the samples undiagnosed. Additionally, the study revealed that the burden
of norovirus in children was similar to rotavirus (Table 1) as early as 1993. A systematic review of studies performed by the CDC (EID
2009; 14(8): 1224-31) estimated that norovirus causes an annual 64,000 hospitalizations and 900,000 clinical visits among children in
industrialized nations and up to 200,000 death of children < 5 years of age in developing countries.

59 42% 36%

In the U.S., during the period from December of 2006 to April 15,
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10% 2007, a total of 18 norovirus outbreaks occurred in Boston (excluding
suburbs). Colleges, day cares, long-term care facilities and
g 6% VA healthcare facilities were all affected. Over this five month period,
Z M the number of emergency room visits attributable to gastroenteritis
"uc-',' S% averaged 95 per day, which accounted for approximately 9% of all
g W \~— | Vvisitations. The data from the previous year showed a similar impact,
§ 2% reinforcing the need for an effective vaccine. (Boston PHC Norovirus
Surveillance: 2006-07 Summary. Web: http://www.bphc.org/bphc/
- . . . - pdfs/cdc_norovirus2007.pdf)
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DESCRIPTION Norovirus Vaccine
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human clinical studies. The first is a dry powder formulation consisting
of lyophilized virus like particles, the mucoadhesive chitosan and
GlaxoSmithKline’s MPL adjuvant. The second is a liquid formulation for
intramuscular injection comprised of VLP, alum and MPL. By preserving
the authentic conformation of the viral capsid, VLPs mimic the functional
interactions of the live virus with cellular receptors, thereby eliciting a 09 1.1
strong host immune response while lacking the ability to reproduce or 35 Days Post Boost

7

Mean Fold Rise
NV 19G GMT
w

cause illness. MPL, a potent TLR-4 receptor agonist, is included to enhance

. . Data from a dose escalating study in humans of LigoCyte’s
the immune response to the vaccine. Ing study In hu 9oty

intranasal norovirus VLP vaccine.
STATUS

LigoCyte’s initial clinical objective is to quickly generate proof-of-principle data for the norovirus vaccine. The Company has completed
two Phase | safety trials. The vaccine was generally well tolerated and data showed a dose dependent immune response to the vaccine
with a high rate of seroconversion in both the 50ug and 100ug cohorts (see graph above). LigoCyte has initiated a live virus challenge
study to further assess safety and to quickly evaluate protection against clinical symptoms of norovirus infection. Additionally,
LigoCyte intends to file an IND for its liquid, intramuscular vaccine fomulation in 2010.
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