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Scanning electron microscopy photograph of PLGA microparticles with cores containing the

NMDA- NR1 r-protcin formulation of 200 pg/mg microparticles.
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Fig 2
Escherichia coli (CAI : 0.84)
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Fig 3

Spodoptera frugiperda (Sf9) (CAI: 0.82)
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Fig 5
NMDA NR1 subunit receptor into the pAAV-MCS vector
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Fig 6
Scanning electron microscopy photograph of PLGA microsphere which contains 100 pg r-NRl

DNA/mg microparticles.
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Fig 7
Scanning electron microscopy photograph of PLGA microparticles with cores containing the

NMDA- NR1 r-protcin formulation of 200 pg/mg microparticles.
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Fig 8
Kinetics of drug release of NR1 r-protein or DNA from these microspheres
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Fig 9

Percentage of NR1 protein released From the Microsphere Formulation Before and After
7 Storage at 39.5°C/75% Relative Humidity for 6 Months.
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Fig 10

Differential Scanning Calorimetry (DSC) thermogram of % Recovery of NR1 protein, DNA
or PLGA stored at 39.5°C/75% reiative humidity for 10-210 days (24 months).
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Fig 11

NMDA NR1 r-protein time of treatment verses damage : Neuroprotective efficacy of NMDA
NR1 against endothelin - induced 'MCAO reduction of cortical volume of brain damage (mm3)

of swine.
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Fig 12
Three examples of short segments of EEG recordings are presented. In this example, the EEG
trend was calculated for 30-minutes after ET-l treatment epochs, overlapping 30-180 minutes.

NMDA NR1 oral vaccinated animals: The EEG shows minor seizures with an abrupt ending of

electroencephalographic seizure activity Within 10 seconds after induction with ET-l (EEG:
Seizure free interval showing no tendency of stroke activity in NMDA r-protein or DNA

immunized pigs)
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Fig 13

Placebo vaccinated animals treated with NMDA NR1: The center EEG is from a pig with a

minor neurological deficit (mild right-side hemiparesis, N1HSS=3) upon treated with NMDA
NR], 30 minutes after MCAO. (EEG: Seizure free interval with interictal spikes in NMDA

NR-l treated pigs)
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Fig 14

Placebo animals: The right EEG is from a pig with a right cerebral infarct (NIHSS=13)

showing polymorphic delta activity and development of subtle symptomatic focal seizures.
(EEG: Stroke Seizures in Placebo pigs)
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Fig 15
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Fig 16
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PREVENTIVE AND THERAPEUTIC VACCINE
FOR ALZHEIMER’S DISEASE

tion of NMDARs results in the opening of a nonselective
cation channel Which alloWs the How of Na+ and K+ ions, and
small amounts of Ca2+ ions. The resultant calcium-?ux

CROSS REFERENCE TO RELATED
APPLICATIONS

through NMDARs is thought to play a critical role in synaptic
plasticity providing a cellular mechanism for learning and

[0001]

This application claims priority date of Mar. 31,

2007 being a continuation-in-part patent application of co

pending US. patent application Ser. No. 12/307,587 Which is
the PCT National Phase application of PCT/US2007/070542
Which is the PCT International application of US. Provi
sional Application No. 60/909,449 ?led on Mar. 31, 2007.

memory.

[0008]

The recently solved structure of NMDAR at atomic

resolution has revealed that there is a heterodimer formed

betWeen the NR1 and NR2 subunits. This structural analysis

explains Why NMDARs contain tWo obligatory NR1 subunits
and tWo regionally localized NR2 subunits. A related gene
family of NR3A and B subunits has an inhibitory effect on

NMDAR activity. Multiple receptor isoforms, each With dis

BACKGROUND OF INVENTION

tinct distributions Within the brain and With distinct func

[0002] 1. Field of the Invention
[0003] The present invention is related generally to the ?eld
of methods and compositions of prevention and treatment of
neurological disorders such as Alzheimer’s, epilepsy and

tional properties, arise by the selective splicing of the NR1
transcripts and the differential expression of the NR2 sub

stroke, Parkinson’s, dementia, Huntington’s disease, amyloid
lateral sclerosis, and depression, and neuroendocrine disor
ders such as obesity.

[0004]
[0005]

2. Description of the Related Art
NMDA (N-methyl-D-aspartic acid) is an amino

acid derivative Which acts as a speci?c agonist of the NMDA
receptor because it mimics the action of the neurotransmitter
glutamate on that receptor. In contrast to glutamate, NMDA
binds to and regulates only the NMDA receptors, and does not
affect other glutamate receptors. NMDA is a Water-soluble

synthetic substance that is not normally found in biological
tissue. At physiological pH both of the carboxyl groups of

units.
[0009] Each receptor subunit has a modular design With
each structural module representing a functional unit. TWo
globular structures, a modulator domain and a ligand-binding
domain, are found in the extracellular portion of the subunit.

The NR1 subunits bind the co-agonist glycine While the NR2
subunits bind the neurotransmitter glutamate. The solution of
the three-dimensional structure of the glycine-binding mod
ule of the NR1 subunit and the glutamate-binding module of
the NR2A subunit, by X-ray crystallography, revealed a com
mon fold With the glutamate-binding module of AMPA-re

ceptors and kainate-receptors. The agonist-binding module is
linked to a membrane domain consisting of three trans-mem
brane segments and a re-entrant loop reminiscent of the selec

NMDA are deprotonated. NMDA is used as an excitotoxin in

tivity ?lter of potassium channels. The membrane domain

behavioral neuroscience research and studies utilizing this
technique fall under the term “lesion studies.”
[0006] Activation of NMDA receptors alloWs both sodium

the receptor’s high unitary conductance, high calcium perme
ability and the voltage-dependent magnesium block. Each

and calcium ions to enter the postsynaptic neuron Which

results in long-term changes in the postsynaptic membrane
that make it more sensitive to synaptic input. This long-term
potentiating effect may be a rudimentary component of
memory. Since the NMDA receptor (NMDAR) is one of the
most harmful factors involved in excitotoxicity, it is a logical
target for the treatment of excitotoxicity. Excitotoxicity is

contributes residues to the channel pore and is responsible for

subunit also has an extensive cytoplasmic domain Which con

tains residues that are directly modi?ed by a series of protein
kinases and protein phosphatases, as Well as residues Which
interact With a large number of structural, adaptor and scaf

folding proteins.
[0010] Agonists: Activation of NMDARs requires the bind
ing of both glutamate and the co-agonist glycine for the

involved in a number of neurodegenerative diseases such as

e?icient opening of the ion channel Which is a part of this

Parkinson, Alzheimer, Huntington, Amyloid lateral sclerosis
(ALS) and neurological conditions including, Epilepsy, trau

receptor. D-serine has also been found to act as a co-agonist of

matic brain injury, stroke. It is believed that glutamate-medi
ated neurotoxicity is involved in the pathogenesis of Alzhe

the NMDAR With even greater potency than glycine.
D-serine is produced by serine racemase in astrocyte cells and
is enriched in the same areas as NMDARs. Removal of

imer disease. NMDAR antagonists have great potential utility

D-serine can block NMDA-mediated excitatory neurotrans

for the treatment of conditions that involve excitotoxicity.

mission in many areas.

HoWever, because of the neurotoxicity caused by NMDAR
antagonists, research has been focused on ?nding agents that
avoid this neurotoxicity. Most clinical trials involving

membrane depolarization. A positive change in trans-mem

NMDAR antagonists have failed because of unWanted side
effects of the drugs. Since these receptors play an important
role in normal glutamatergic function, blocking them can
have potentially harmful effects. This interference With nor
mal function could be responsible for the neuronal death that
sometimes results from NMDAR antagonist use. In addition,
inadequate NMDAR function is associated With an array of

negative symptoms. For example, NMDAR hypofunction
that occurs as the brain ages may be partially responsible for
memory de?cits.

[0011]

In addition, a third requirement for activation is

brane potential Will make it more likely that the ion channel in
the NMDAR Will open by expelling the Mg2+ ion that blocks
the channel from the outside. The latter function is fundamen
tal to the role of NMDAR for both memory and learning,
perhaps by acting as a coincidence detector for membrane

depolarization and synaptic transmission.
[0012] Antagonists: The NMDAR channel complex con
tributes to excitatory synaptic transmission at sites through
out the brain and the spinal cord, and is modulated by a
number of endogenous and exogenous compounds.
NMDARs play a key role in a Wide range of physiologic and

[0007] NMDA Receptor (NMDAR): NMDA is the selec
tive, speci?c agonist of the NMDAR, an ionotropic ligand

pathologic processes.

gated and voltage-dependent receptor for glutamate. Activa

Work to antagonize, or inhibit the action of, NMDAR. They

[0013]

NMDAR antagonists are a class of anesthetics that

US 2009/0162387 A1

are used as anesthesia for animals and (less commonly) for
humans, and some, such as ketamine and phencyclidine
(PCP) are also popular as recreational drugs because of their

hallucinogenic properties. When used recreationally they are
classi?ed as dissociative drugs, and are often considered

entheo gens. When NMDAR antagonists are given to rodents
in large doses, they can cause a form of brain damage called
Olney’s Lesions. However, there is insuf?cient research to

shoW that large doses of NMDAR antagonists cause Olney’s
Lesions in humans and there are knoWn to be fundamental

differences betWeen human and rodent brains. (Farber, et al.,

2003. Muscimol prevents NMDA antagonist neurotoxicity
by activating GABAA receptors in several brain regions.
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[0017]

Methods for treating a variety of neurological dis

orders have focused on the use of pharmaceutical agents
Which interact With neurological receptors such as the NMDA
receptor, neurotransmitter transporters, such as the serotonin
or dopamine transporters, various ion channels, or com
pounds Which act to supplement or replace a neurotransmitter
such as dopamine. Numerous treatments have been proposed
for treatment of AlZheimer’s all Without lasting success.
[0018] Due to NMDA receptors central involvement in the
cascade leading to neuronal death folloWing a variety of cere

bral insults, pharmacological NMDA receptor antagonists
have been evaluated for potential clinical utility. These drugs
have shoWn to be effective in many experimental animal
models and some of the compounds have moved into clinical

Brain Res. 993: 90-100).
[0014] Autoantibodies that targeted a speci?c brain pro
tein, the NR1 subunit of NMDAR, Were generated after treat
ment With an adeno-associated virus (AAV) vaccine carrying

Waned as the therapeutic ratio for most NMDA antagonists is
poor since at clinically effective doses they have been asso

a recombinant NMDA-NR1. Following oral administration

utility.

of the NMDA-NR1 DNA in mice there Was a robust humoral

[0019] An alternative approach to modify the function of
brain proteins has been the use of antisense oligonucleotides

response in the absence of a signi?cant cell mediated

response. This single dose vaccine provided a strong anti
epileptic and neuroprotective activity in mice for both a kain
ate-induced seiZure model and an endothelian-1 (ET-1)
induced middle cerebral artery occlusion (MCAO) stroke
model at 1 to 5 months folloWing vaccination. Thus, a vacci

nation strategy targeting brain proteins is feasible and may
have therapeutic potential for treatment of neurological dis
orders (During et al., 2000. An oral vaccine against NMDARl
With ef?cacy in experimental stroke and epilepsy. Science

trials. The initial enthusiasm for this approach has, hoWever,

ciated With signi?cant adverse effects thereby limiting their

or RNA antisense expressing vectors as Well as local appli

cation of antibodies targeting the speci?c protein. Some of
these approaches have been used to block or translationally
suppress NMDA receptor expression and appear effective in

a variety of model systems HoWever, these therapies gener
ally have transient and limited e?icacy. Therefore a need
exists to provide an alternative method of treatment for neu

rodegenerative disorder like AlZheimer’s disease.
[0020] We investigated the hypothesis that a humoral

287:1453-1460).

autoimmune response, targeting the NR1 subunit of

[0015] The NMDAR is modulated by a number of endog
enous and exogenous compounds. Mg2+ blocks the NMDAR
channel in a voltage-dependent manner, but also potentiates
NMDA-induced responses at positive membrane potentials.
Magnesium treatment has been used to produce rapid recov
ery from depression. Na+, K+ and Ca2+ not only pass through
the NMDAR channel but also modulate the activity of

NMDAR, could be used as an alternative approach to antago

NMDARs. Zn2+ blocks the NMDA current in a noncompeti
tive and a voltage-independent manner. Polyamines do not

thereby attenuate NMDAR mediated injury.
[0021] Bioadhesive microspheres in the Targeted Vaccine
Delivery System: The term “bioadhesion” describes materi

directly activate NMDA receptors, but have been found to
potentiate or inhibit glutamate-mediated responses. The
activity of NMDARs is also extremely sensitive to changes in
H+ concentration, and is partially inhibited by the ambient
concentration of H+ under physiological conditions.
[0016] Role of NMDA Receptors: Both the NMDA and
non-NMDA subclasses of glutamate receptors are mediators
of glutamatergic excitatory neurotransmission in the central
nervous system (CNS). NMDARs are of particular interest
because they are involved in many processes Which are nec

essary during the development of the brain, including neu
ronal migration, patterning of afferent termination, and sev

eral forms of long-term synaptic plasticity. Relevant
properties of the receptor include calcium permeability, volt
age dependent Mg2+ block, and sloW channel kinetics. Three
receptor subunit families (NR1, NR2, and NR3A), Which
form hetero-oligomeric complexes in native NMDAR chan
nels have been identi?ed by molecular cloning. The forma
tion of functional NMDARs requires the involvement of the
NR1 subunits, Whereas the other subunits modify the proper

niZe NMDARs and provide neuroprotection. We also hypoth
esiZed that such autoantibodies Would have minimal penetra
tion into the CNS under basal conditions and Would thereby
avoid the toxicity associated With traditional approaches. Fol
loWing cerebral insult, these autoantibodies Would pass into
the brain more e?iciently, antagonize the receptor, and

als that bind to biological substrates, such as mucosal mem

branes. Bioadhesive microspheres exhibit a prolonged resi
dence time at the site of application or absorption and
facilitate an intimate contact With the underlying absorption

surface, contributing to the improved therapeutic perfor
mance of vaccines. The use of bioadhesive microspheres as

vaccine delivery devices to mucosal tissues offers the possi
bility of creating a prolonged, intimate contact at the site of
administration. Prolonged residence time can result in
enhanced absorption, Which in combination With a controlled

release of the vaccine can improve patient compliance by
reducing the frequency of administration. This approach to
the development of a vaccine delivery system involves cou
pling the vaccine to a carrier particle such as microspheres or
nanospheres Which can modulate the release and mucosal
absorption of the vaccine by virtue of their small siZe and
e?icient carrier capacity. The success of these microspheres is
limited because they possess a short residence time at the site

ties of the receptor. In addition to the role of NMDARs in

of absorption. Intimate contact of the vaccine delivery system
With the absorbing membranes can be achieved by developing

brain plasticity and development, they have been implicated

bioadhesive

as mediators of neuronal injury associated With the neurode

include microparticles and microcapsules, containing a core
of vaccine, Which consist entirely of a bioadhesive polymer or

generative disorder AlZheimer’s.

microspheres.

Bioadhesive

microspheres

