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LIGHT-BASED IMPLANTS FOR TREATING
ALZHEIMER’S DISEASE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CONTINUING DATA

This patent application claims priority from U.S. Provi-
sional Patent Application No. 60/661,629 field on Mar. 14,

2005 entitled “Light-Based Implants for Treating Alzheim-
er’s Disease”, the disclosures of which are hereby incorpo-
rated by reference in their entirety.

BACKGROUND OF THE INVENTION

In Alzheimer’s Disease (AD), the cleavage of beta amy-
lo1d protein precursor from the intracellular membrane often
produces a protein AB-42 which 1s incompletely removed by
normal clearance processes. Over time, this protein 1s depos-
ited as a beta amyloid protein A3 plaque within brain tissue,
leading to the local destruction of neurons. The A} plaque
deposition 1s also believed to provoke an inflammatory
response by microglia and macrophages, which recognize
the plaque as a foreign body. These cells are believed to
respond to the plaque deposition by releasing pro-intlam-
matory cytokines and reactive oxygen species (ROS).
Although the inflammatory response may be provoked 1n an
cllort to clear the brain tissue of the detrimental plaque, it 1s
now believed that this inflammation also 1njures local neu-
ronal tissue, thereby exacerbating AD.

Because of the role played in AD by intlammation,
anti-inflammatory compounds have been 1dentified as can-
didates for treating Alzheimer’s Disease. However, the
delivery of these compounds has generally been through an
oral route, and the systemic side eflects associated with long
term use of these compounds are often undesirable.

Some 1mvestigators have proposed implanting an effective
amount of NGF in a sustained release device for treating
Alzheimer’s Disease. However, NGF simply helps restore
damaged neurons—it does little to stop the damage from
occurring.

SUMMARY OF THE INVENTION

The present inventor has developed methods for treating
or preventing Alzheimer’s Disease (AD) exploiting the
characteristics of a particular cytokine, interleukin-10 (IL-
10).

It 1s believed that IL-10 possesses a number of features
that make 1t an attractive therapeutic agent for treating
neuropathic diseases, such as Alzheimer’s Disease. These
include the inhibition of cytokine synthesis and the down-
regulation of antigen-presenting cell function:

According to Brennan, Rheumatology 1999, 38, 293-7,
IL-10 can induce the production of cytokine inhibitors,
including the IL-1 receptor antagonist (IL-1ra) and the
release of both soluble TNF receptors p55 and p75 in
monocytes. Because of this utility, Brennan chartacterizes
IL-10 as a ‘macrophage deactivating factor’.

According to Hart, Immunology, 1995, April 84 (4)
536-42, 1L-10 and I1-4 have the capacity to downregulate
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both pro-inflammatory molecules TNF-a and IL-1[. Szc-
zepanik, J. Neuroimmunology, 113(2001, 49-62 reports that
IL.-10 was found to suppress all AP-induced and LPS-
induced inflammatory proteins measured, including Il-1a,
IL-1B, IL-6, TNF-a and MCP-1. Kelly, J. Biol. Chem.
276(49) 45564-72, reports that IL-10 antagonizes IL-1{3
cllects 1n the hippocampus. According to Knoblach, Exp.
Neuro., 133, (1998) 143-51, at the level of the hippocampus,
recovery following traumatic brain mnjury was improved by
treatment with I1L.-10, and this effect was associated with a
decreased concentration of IL-1 1 the hippocampus.
Sawada, J. Neurochemistry, 72, 1466-71, 1999, reported that
IL.-10 1s a unique and potent inhibitor in the CNS cytokine
network and inhibits both the production of cytokines and
expression ol cytokine receptors 1n microglia. Balsasingam,
J. Neuroscience, May 1, 1996, 16(9), 2945-55, reports that
astroglial activity following brain injury i1s attenuated by
IL.-10 and concluded that 11-10 1s a potent inhibitor of
cytokine synthesis by macrophages and microglia.

As noted above, one of the key lynchpins in the mnitiation
of AD 1s the deposition of Af3. It 1s believed that increased
levels of IL-1 lead to increased Ab deposition. According to
Sutton, J. Submicrosc. Cytol. Pathol., 31(3), 313-23, 1999,
I1-1 dernived from microglia upregulates expression and
processing ol A} precursors proteins, thus favoring Ap
deposits which may 1n turn through teedback loops activate
microglia to further IL-1 production. In addition, 1t has been
reported that pretreatment with IL-1ra administered intrac-
erebroventricularly_resulted 1n a reduction 1n the extent and
density of AP precursor protein. Therefore, since 11-10 has
been demonstrated to upregulate IL-1ra and downregulate
I1-1p, and II-1 promoted Ap deposition, 1t appears reason-
able to conclude that IL.-10 should therefore antagonize Af3
deposition.

Town, J. Neuroiommunol., 132 (2002) 49-59 examined the
status of Thl and Th2 cells in mice after immumzation with
beta-amyloid. Town reported that interferon-gamma was
markedly reduced, that I1L-10 was increased 1n blood plasma
from these mice, and that these effects were associated with
dramatically mitigated amyloid-beta deposition after immu-
nization with beta-amyloid.

According to Brodie, FEBS Lett., 1996, Sept. 30, 394(2),
117-20, when IL-10 contacts astrocytes, it induces the
production of nerve growth factor (NGF)—another very
important biologic 1n AD therapy. Theretfore, IL-10 may not
only inhibit inflammation associated with AD, it may also
enhance nerve repair.

Strle, J. Neuroimmunology, 2002 January; 122(1-2):9-19
reports that IL-10 promotes the survival of microglia with-
out activating Akt, with as little as 0.1 ng/ml of I1-10
significantly reducing DNA fragmentation. Grilli, Eur. .
Neuroscience, 12(7), July 2000, 2265 reports that 0.1-100
ng/ml IL-10 exerted a concentration dependent prevention
of neuronal damage induced by excitotoxicity, and con-
cluded that there 1s a potential neuroprotective role for I1-10
against cerebral 1schemia. Bachis, J. Neuroscience, 21(9),
May 1, 2001, 3104-12, suggestes that the neuroprotective
properties of I1-10 may rely on 1ts ability to block the activity
of proapoptitic proteins. Therefore, IL-10 may have a neu-
roprotective role as well.

L1o, Genes Immun., 2003, April 4(3), 234-8 reports that
subnormal levels of IL-10 are found 1n patients with AD
versus controls. Since the mtflammatory cascade described
above may be due 1 part to a low level of IL-10 1n the
patient’s CSF, it 1s believed that enhancing the level of IL-10
in an AD brain tissue will have a therapeutic eflect by
providing increased antagonism to intlammation.
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Strle, Crit. Rev. Immunology; 2001, Vol. 21 Issue 3,
concludes that the multiple functions of 1L-10 1n the brain
will create new and interesting vistas that will promote a
better understanding of neurodegenerative diseases which
could lead to the development of innovative approaches for
the use of anti-inflammatory cytokines 1n major debilitating,
diseases of the central nervous system.

The concept of administering UVB light to therapeuti-
cally treat an auto-immune disease by producing autologous
IL-10 1s disclosed i U.S. Pat. No. 5,910,309 (Ullrich), the
disclosure which 1s hereby incorporated by reference in 1ts
entirety. Shreedhar, J. Immunol., 1998, 160, 3783-9, sug-

gests that UV irradiation of Kkeratinocytes activates a
cytokine cascade within the cells of the skin that involves

macrophage recruitment as follows:

PGE,—IL-4—11-10.

Although Ullrich appreciates the benefits of 1L-10, the
methods of providing IL-10 disclosed by Ullrich generally
concern full body 1rradiation producing systemic increases
in IL-10. Since IL-10 has a potent immunosuppressive
ellect, the patient receiving such treatment would be at risk
of undesired side eflect of having a suppressed immune
system, including an increased susceptibility towards infec-
tion.

The present inventors have noted that the autologous cells
that produce 1L-10 when activated by UV-B radiation (mac-
rophages, microglia, lymphocytes and astrocytes) are the
same cells that participate 1n the mflammatory response
characteristic of Alzheimer’s Disease. Therefore, 1t appears
that a great concentration of cells capable producing of
IL-10 reside precisely within the region of undesired intlam-
mation. Therefore, 1t 1s believed that Alzheimer’s Disease
may be eflectively treated by irradiating the inflamed region
with UV-B light, thereby de-activating the pro-inflammatory
(Th,) cells 1n that region that are emitting pro-inflammatory
cytokines and activating the IL-10-emitting (Th,) cells.

Therefore, without wishing to be tied to a theory, 1t 1s
turther believed that UVB light may also be eflective 1n
activating the Th2 pathway 1n local cells and 1nactivating the
Thl pathway. Because the Th2 pathway 1s considered to be
anti-inflammatory while the Th1 pathway 1s considered to be
pro-inflammatory, the eflect of UVB light may be that of
immunosuppression. This quality may help attenuate AD.

Also without wishing to be tied to a theory, 1t 1s further
believed that UVB light may also be eflective 1n causing the
release of calcitonin gene related peptide (CGRP), which in
turn may cause mast cells to degranulate and release 11.-10,
thereby attenuating AD.

Accordingly, 1n some embodiments of the present inven-
tion, there 1s provided a method of treating or preventing
Alzheimer’s disease, comprising the steps of:

a) providing an implant having a UV light source,

b) positioming the implant within or adjacent to brain

tissue, and

¢) activating the light source to irradiate the brain tissue

with an amount of UV light suflicient to activate cells
therein to produce 1L-10.

DESCRIPTION OF THE FIGURES

FIG. 1 1s a representation of the device of the present
invention implanted into a brain.

FI1G. 2 1s a representation of a device of present invention
having a fiber optic cable.

FI1G. 3 1s a representation of a device of present invention
having a fiber optic cable having a plurality of tynes.
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FIG. 4 1s a representation of a device of present invention
having a fiber optic cable having an etched distal portion.

FIG. 5 1s a representation of the device of the present
invention powered by an external light source.

FIG. 6 1s a representation of the device of the present
invention powered by an internal light source.

FIGS. 7 and 8 are representations of devices of the present
invention wherein the internal light source 1s powder by an
internal battery.

FIG. 9 1s a representation of an anchored device of the
present mvention.

FIGS. 10A-10B are cross-sections of a fiber optic implant
of the present invention implanted within the brain of a
patient having Alzheimer’s Disease.

FIG. 10C 1s a cross-section of a fiber optic implant of the
present 1nvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Now referring to FIG. 1, there 1s provided an implant for
treating Alzheimer’s disease comprising:

a) a UV-B Light emitting diode (LED) 11, and

b) an antenna 21 1n electrical connection with the LED.

In use, the surgeon implants the device into the brain of
the patient so that the device 1s adjacent to a portion of the
brain which 1s inflamed. The IL-10 produced by the implant
will then aflect the area of inflammation. However, inves-
tigators have noted systemic immunosuprresive effects in
amimals subject to whole body UV 1rradiation, and have
hypothesized that the mobility of the irradiated macrophages
allows them to migrate to vast regions of tissue. See Kang,
J. Immunol., 1994, 133, 5256. Accordingly, it 1s possible that
irradiated cells (such as microglia and macrophages) 1n one
portion of the brain may be suflicient to arrest inflammation
over a much larger region of the brain. Therefore, it i1s
possible that the implant need not be immediately adjacent
the inflamed tissue, but rather may be placed at a more
convenient spot for the surgeon, such as near the skull.

In order to protect the active elements of the device from
the CSEF, 1n some embodiments, and again referring to FIG.
1, the UV LED 1s encased 1n a casing 25. This casing both
protects the LED components from the CSF, and also
prevents the LED components from eliciting a violent
immune reaction In some embodiments, the casing 1s made
of a UV transparent material. The UV transparent material
may be placed adjacent the LED component so that UV light
may be easily transmitted therethrough. In some embodi-
ments, the UV transparent casing 1s selected from the group
consisting of silica, alumina and sapphire. In some embodi-
ments, the light transmissible material 1s selected from the
group consisting of a ceramic and a polymer. Suitable
UV-transmissible ceramics include alumina, silica, CaF,
titania and single crystal-sapphire. Suitable light transmis-
sible polymers are preferably selected from the group con-
sisting of polypropylene and polyesters.

In some embodiments, 1t may be desirable to locate the
light emitting portion of the implant at a location separate
from the LED, and provide a light commumication means
between the two sites. The light communication means may
include any of a fiber optic cable, a wave guide, a hollow
tube, a liquid filled tube, and a light pipe.

Now referring to FIG. 2, there 1s provided an implant 1 for
treating Alzheimer’s disease comprising:

a) a UV-B Light emitting diode (LED) 11,

b) an antenna 21 in electrical connection with the LED,

and
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¢) a fiber optic cable 31 adapted to transmit UV-B light,
the cable having a proximal end 33 connected to the
LED an and a distal end portion 35.

Such a configuration would allow a fiber optic to be
located deep within the patient, or 1n or near critical organs
or tissues, and yet have the light source and associated
components 1 a less sensitive region. This configuration
allows easier access to the light/controller should the need
arise for service or maintenance, and also allow for more
cilicient transdermal energy transmission. Moreover, by
using a hollow tube with reflective internal surfaces, light
and therapeutic fluids could be delivered to the implanted
device. The light source/controller implanted near the
patient’s skull could also be a simple, hollow chamber made
to facilitate the percutancous access described above. The
advantages and benefits of this system include:

a) further removal from the deep site of the functional
implant, thereby reducing risk of contamination of the
deeper site by percutaneous access;

b) easier precutancous access by being closer to the skin
surface and having a larger surface area or target to
access with the needle;:

¢) a larger volume could hold more therapeutic fluid to
provide a longer duration of activity; and

d) a central reservoir could provide therapy to multiple
implants throughout the body.

In use, the surgeon 1mplants the device into the brain of
the patient so that the antenna 1s adjacent the cranium bone
and the distal end of the fiber optic cable 1s adjacent to a
more central mnflamed region of the brain.

In Alzheimer’s disease, 1t 1s believed that plaque deposi-
tion and 1ts attendant inflammation begins within the hip-
pocampus portion of the brain. Therefore, in some embodi-
ments, the distal end portion of the fiber optic cable 1s
located adjacent to the hippocampus HC.

Since 1t 1s the UV light that converts the pro-inflamatory
cells to an anti-inflammatory status, it 1s desirable to design
the device so that the UV light 1s emitted only in regions of
inflammation. Since the intlamed regions of an Alzheimer’s
brain are oiten located in the central regions of the brain, in
some embodiments, the proximal end portion of the fiber
optic cable 1s provided with a cladding layer 41 of reflective
maternial to msure that UV light does not escape the cable
into uninflamed regions of brain tissue.

Because UV-B light typically can penetrate tissue to a
depth of only about 1 mm, 1t may be advantageous to
increase the area of the UV-emitting surface 1n order to aflect
more 1ntlamed tissue. Accordingly, in some embodiments,
the distal end portion of the fiber optic cable includes a
plurality of fiber optic tynes 51 extending from the cable (as
shown 1n FIG. 3). Since each of these tynes transmits UV-B
light 1nto brain tissue, the provision of tynes increases the
volume of brain tissue that can be converted to an anti-
inflammatory status.

In some embodiments, the tynes located at distal end
portion of the fiber optic cable are placed around the
hippocampus HC.

Shreedhar, J. Immunol., 1998, 160, 3783-9 has reported
that UV-induced IL-10 production 1s enhanced 1n the pres-
ence of IgG. Accordingly, in some embodiments, a distal
portion of the fiber optic cable has an etched surface 61 (as
shown 1 FIG. 4). Without wishing to be tied to a theory, it
1s believed that the etched portion will cause IgG to bind
thereto (see, Reinecke, U.S. Pat. No. 6,713,246). The pres-
ence ol the IgG 1 the UV-rradiated zone of tissue will
increase the rate of I1-10 production therein. Etched glass
can be produced 1n a manner substantially similar to that
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described 1mn U.S. Pat. No. 6,713,246, the specification of
which 1s incorporated by reference in its entirety.

In some embodiments, the UV light source 1s situated to
irradiate adjacent tissue with between about 0.02 J/cm” and
20 J/em? energy. Without wishing to be tied to a theory, it is
believed that light transmission 1n this energy range will be
suillicient to activate the macrophages and astrocytes of most
brain tissue. Shreedhar, J. Immunol., 1998, 160, 3783-9 has
reported using a light dose of 0.02 J/cm? in order to activate
keratinocytes to produce IL-10. Schmitt, J. Immunology,
2000, 165:3162-7 has reported using a dose of 1.5 J/cm”.
Rivas, J. Immun, 149, 12, 1992, 3865-"/71 has reported using
a dose 0of 0.02 J/cm”. Therefore, it is believed that irradiating
inflamed brain tissue with at least about 0.02 J/cm* of UV
radiation will induce the macrophages and microglia therein
to produce and emit I1-10. In some embodiments, the light
source 1s situated to produce an energy intensity at the cell
surface of between 0.1 watts/cm” and 10 watts/cm”. In some
embodiments, the light source 1s situated to produce about 1
milliwatt/cm®. This latter value has been reported by Ullrich
to effectively 1rradiate a cell surface 1n an amount suflicient
to produce IL-10.

As noted above, in some embodiments, the tynes of the
fiber optic are laid adjacent to the hippocampus. Because the
hippocampus has a dimension that 1s often less than about 3
cm, the surface area of the hippocampus 1s typically no more
than about 30 cm,. Accordingly, only about 0.6-60 I are
required 1n order to activate the cells within the hippocam-
pus. Therefore, a 0.5 W emission would require a radiative
duration of about 3 second to 120 seconds to produce 0.6-60
J.

Now referring to FIG. §, there 1s provided a first exem-
plary implant having an external light source. The externally
based-control device has a light source 101 for generating
light within the device. The light generated by this source 1s
transmitted through fiber optic cable 103 through the
patient’s skin [S] 5 to an internally-based light port 109
provided on the proximal surface 110 of the implant 201.
The light port 1s adapted to be 1n light-communication with
fiber optic cable 221 disposed upon the distal surface [203
surface] of the implant. The tynes 223 disposed upon the
distal portion 224 of the fiber optic cable receive the light
and transmit the light to the adjacent brain tissue.

Now referring to FIG. 6, there 1s provided a second
exemplary UV unit having an internal light source. Exter-
nally based-control device 222 has an RF energy source
[224] 225 and an antenna 230 for transmitting signals to an
internally-based antenna 232 provided on the prosthesis.
These antennae 230, 232 may be clectro-magnetically
coupled to each other. The internal antenna 232 sends
clectrical power to a light emitting diode (LED) 234 dis-
posed internally on the implant 1n response to the transmit-
ted signal transmitted by the external antenna 230. The light
generated by the LED travels across UV transparent casing
25 and 1nto the brain tissue BT.

In some embodiments, and now referring to FIG. 7, the
prosthesis having an internal light source further contains an
internal power source 300, such as a battery (which could be
re-chargeable), which 1s controlled by an internal receiver
and has suflicient energy stored therein to deliver electrical
power to the light source 234 1n an amount suflicient to
cause the desired light output.

When the implant 1s coupled with external energy, power
can be transmitted into the internal device to re-charge the
battery.

In some embodiments, the light generated by the implant
1s powered by wireless telemetry integrated onto or into the
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implant itself. In the FIG. 6 embodiment, the LED 234 may
comprise a radiofrequency-to-DC converter and modulator.
When radiofrequency signals are emitted by the external
antenna 230 and picked up by the internal antenna 232, these
signals are then converted by the receiver (not shown) into
clectrical current to activate the light source of the PCO unat.

In one embodiment, the implant may have an internal
processor adapted to intermittently activate the LED.

In some embodiments, the telemetry portion of the device
1s provided by conventional, commercially-available com-
ponents. For example, the externally-based power control
device can be any conventional transmitter, preferably
capable of transmitting at least about 40 milliwatts of energy
to the internally-based antenna. Examples of such commer-
cially available transmitters include those available from
Microstrain, Inc. Burlington, Vt. Likewise, the internally-
based power antenna can be any conventional antenna
capable of producing at least about 40 milliwatts of energy
in response to coupling with the externally-generated Ri
signal. Examples of such commercially available antennae
include those used in the Microstrain Strainlink™ device.
Conventional transmitter-receiver telemetry 1s capable of
transmitting up to about 500 milliwatts of energy to the
internally-based antenna.

In some embodiments, and now referring, to FIG. 8, the
implant includes a light emitting diode (LED) 234 built upon
a base portion 3 of the implant, along with the required
components to achieve trans-dermal activation and power-
ing of the device. These components can include, but are not
limited to, RF coils 301, control circuitry 303, a battery 305,
and a capacitor. Such a device could be capable of inter-
mittent or sustained activation without penetrating the skin,
thereby avoiding trauma to the patient and/or risk of infec-
tion from skin-borne bacteria. As shown above, the acces-
sory items needed to power and control the LED may be
embedded within the implant. However, they could also be
located on the surface(s) of the implant, or at a site adjacent
to or near the implant, and 1n communication with the
implant.

In some embodiments, the UV light source has a spectral
maximum 1n the range of the UV and near-UV components
of the solar spectrum. Preferably, the light source has a
spectral maximum 1n the range of the UV components of the
solar spectrum. Preferably, the light source has a spectral
maximum 1n the range of less than about 380 nm, and 1s
preferably between 280 nm and 320 nm. In some embodi-
ments, the light source has a spectral maximum of about 311
nm-312 nm.

In some embodiments, the light source 1s provided on the
implant and 1s adapted to be permanently implanted 1nto the
patient. The advantage of the internal light source 1s that
there 1s no need for further transcutaneous invasion of the
patient. Rather, the imternally-disposed light source 1s acti-
vated by either a battery disposed on the implant, or by
telemetry, or both. In some embodiments of the present
invention using an internal light source, the light source 1s
provided by a bioMEMs component. In one embodiment
thereot, the internal light source comprises a UV light
source, and preferably comprises an AlGaN substrate. It has
been reported by Stutzmann, Diamond and Related Mate-
rials, 11(2002) 886-891, that AlGalN may have future appli-
cation as a biosensor. Stutzman further conducted studies on
the biocompatibility of GaN, AlGaN and AIN, and found
very little interaction with living cell tissue, thereby sug-
gesting the biocompatibility of these materials.

Because use of the present mvention may require its
repeated activation by Ri energy, 1t would be helpful if the
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user could be guaranteed that the implant remained in the
same place within the skull. Accordingly, 1n some embodi-
ments, and now referring to FI1G. 9, the device of the present
invention comprises anchors 91, preferably projecting from
the casing 25. Preferably, the anchors are placed on the
proximal side of the device, adjacent the antenna 21. In this
position, the anchor may be inserted into the bone of the
skull S, thereby 1nsuring its position.

In some embodiments, it may be advantageous to com-
bine the autologous production of IL-10 with an adminis-
tration of exogenous IL-10. The exogenous IL-10 provides
the benefit of a) insuring immediate IL-10 activity, and b)
possibly super-inducing the production of the autologous
IL-10.

In some embodiments of the present invention, UV 1rra-
diation causes suflicient IL.-10 production to produce a local
IL-10 concentration of at least 0.1 ng/ml. Shreedhar, I.
Immunol., 1998, 260, 3783-9, reports producing 313 pg
IL.-10/ml by exposing keratinocytes to 0.02 J/cm” UV light,
while Kang, J. Immunol., 1994, 153, 5256 reports producing
333 pg/ml 1 a supernatant from CDI11b+macrophages
exposed to 4 MEDs of UV light.

In some embodiments of the present invention, UV 1rra-
diation causes suflicient IL.-10 production to produce a local
IL.-10 concentration of at least 1 ng/ml. Shreedhar, J. Immu-
nol., 1998, 260, 3783-9, reports producing about 1.7 ng/ml
of IL-10 by exposing mice to 0.015 J/cm® of UV radiation
and then mmjecting the mice with IgG. When a 1 ng/ml
concentration 1s obtained, 1L-10 significantly reduces DNA
fragmentation (according to Strle, J. Neuroimmunology,
2002 January; 122, 1-2,9-19).

In some embodiments of the present invention, UV 1rra-
diation causes suflicient IL.-10 production to produce a local
IL.-10 concentration of at least 10 ng/ml. When a 10 ng/ml
concentration 1s obtained, I11.-10 causes a 50% inhibition of
microglial apoptosis (according to Strle, supra).

The choroid plexus 1s a portion of the brain located
relatively adjacent the hippocampus. According to Serot, J.
Neuroimmunology, 104(2000) 1135-119, the choroid plexus
epithelium 1s infiltrated with dendritic cells, and these den-

dritic cells can secrete IL-10. Serot, supra, hypothesizes that
these dendnitic cells act as a physiologic sentinel at the
blood-brain barrier (BBB), contributing to the immunoprivi-
leged status of the brain.

Since the UVB literature repeatedly reports that the
production of IL-10 in macrophages can be stimulated by
UVB light, it i1s reasonable to expect that UVB light can
likewise stimulate the production of IL-10 from the dendritic
cells located 1in and around the choroid plexus epithelium.

Therefore, 1n accordance with the present invention, there
1s provided a method of treating a neurodegenerative dis-
case, comprising the steps of:

a) rradiating the choroid plexus of a patients with an
cliective amount of UVB light.

Because 1t 1s known that the choroid plexus produces
cerebrospinal fluid, 1t 1s believed that UVB 1rradiation of the
choroid plexus epithelium will provide IL-10 secretion from
the local dendritic cells mnto cerebrospinal fluid (CSF). In
some embodiments, this IL.-10-enriched CSF will bathe 1ts
neighboring hippocampus, thereby providing a therapeuti-
cally eflective amount of 1L-10 to the hippocampus.

Therefore, in some embodiments, there 1s provided a
treatment for AD, wherein UVB light 1s delivered to the
choroid plexus 1n a dose eflective to produce therapeutic
amount of I[L-10, which 1s then secreted into the CSF to
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provide neuroprotective and anti-inflammatory therapy to at
least the choroids plexus, and preferably other portions of
the brain.

In some embodiments of the present invention mvolving,
transcutaneous UVB light delivery, a UVB-transmissible
implant 1s placed 1n the skin over the skull. In contrast to
human tissue such as skin (which readily absorbs UVB
light), this implant allows UVB light to pass from the
surface of the scalp to the fiber optic implant based 1n the
skull.

In some embodiments, the UVB-transmissible implant
comprises a UVB-transmissible polymer. In other embodi-
ments, the UVB-transmissible implant comprises a UVB-
transmissible ceramic, such as glass. The glass content of the
implant 1s preferably in the range of 20-40 volume percent
(“v/0”). At higher glass glass contents, the implant becomes
relatively inelastic. At lower implants, UVB transmission 1s
more problematic. The UVB transmissible component of the
implant may be 1n the form of beads, long fibers or chopped
fibers. Each of these components, when embedded 1n a
collagen matrix (such as SIS), can provide UVB transmiss-
ability while retaining the skin-like flexibility of the implant.

Theretfore, there 1s provided a procedure wherein UVB
light 1s delivered transcutaneously through a UVB transmis-
sible implant (such as a glass fiber/SIS implant) to the top of
the skull, where 1t 1s received by the proximal end of a fiber
optic cable (which has been embedded in the skull), and
finally delivered through the fiber optic cable to a predeter-
mined portion of the brain (such as either the hippocampus
or choroid plexus, or both).

In some embodiments, the implants of the present inven-
tion are adapted to deliver red light, either alone or in
combination with UVB light.

It has been reported 1n the literature that near infra-red
light saves neurons that have been challenged by neurotox-
ics Irom apoptosis. In particular, Wong-Riley, J. Biol. Chem.
2004, e-pub Nov. 22, reports that irradiating neurons with
670 nm red light significantly reduced neuronal cell death
induced by 300 mM KCN from 83.6% to 43.5%.

The general concept of repairing brain cells through red
light irradiation 1s also well supported by the literature.
Wollman, Neurol. Res. 1998, July 20(35) 470-2 reports that
providing daily 3.6 J/cm” doses of red light from a He—Ne
laser to cortex explants resulting in a significant amount of
sprouting of cellular processes outgrowth. Wollman con-
cludes that the irradiation induces neurite processes sprout-
ing and improves nerve tissue recovery. Similarly, Wollman,
Neurol. Res. 1996 October 18(5) 467-70 reports the
enhanced migration and massive neurite sprouting of cul-
tured rat embryonal brain cells subject to an 8 minute dose
of a 0.3 mW, He—Ne laser. Therefore, the red light of the
present invention may further cause repair and regeneration
of damaged nerve cells.

Therelfore, 1t 1s expected that transmitting an effective
amount of red light into the brain of an AD patient will have
both neuroprotective and neuroregenerative eflects upon the
AD brain.

Therelore, 1n accordance with the present invention, there
1s provided a method of treating or preventing Alzheimer’s
disease, comprising the steps of:

a) providing an implant having a red light source,

b) positioming the implant within or adjacent to brain

tissue, and

¢) activating the light source to irradiate the brain tissue

with an amount of red light.

Without wishing to be tied to a theory, 1t 1s believed that
the therapeutic neuroprotective and neuroregenerative
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cllects of red light described above may be due to a) an
increase 1 ATP production in the irradiated neurons, and b)
an increase in the activity of local anti-oxidant enzymes
superoxide dismutase (SOD) and catalase.

It 1s believed that irradiating neurons 1n the brain with red
light will likely increase ATP production from those neu-
rons. Mochizuki-Oda, Neurosci. Lett. 323 (2002) 208-210,
examined the effect of red light on energy metabolism of the
rat brain and found that irradiating neurons with 4.8 W/cm?
of 830 nm red light increased ATP production in those
neurons by about 19%.

Without wishing to be tied to a theory, 1t 1s further
believed that the irradiation-induced increase 1 ATP pro-
duction in neuronal cell may be due to an upregulation of
cytochrome oxidase activity in those cells. Cytochrome
oxidase (also known as complex IV) 1s a major photoac-
ceptor in the human brain. According to Wong-Riley, Neu-
roreport, 12:3033-3037, 2001, in vivo, light close to and 1n
the near-infrared range 1s primarily absorbed by only two
compounds 1n the mammalian brain, cytochrome oxidase
and hemoglobin. Cytochrome oxidase 1s an important
energy-generating enzyme critical for the proper functioning
of neurons. The level of energy metabolism 1n neurons 1s
closely coupled to their functional ability, and cytochrome
oxidase has proven to be a sensitive and reliable marker of
neuronal activity.

Importantly, the literature has made a direct association
between defects 1n cytochrome ¢ oxidase and Alzheimer’s

Disease. See, e.g., Cottrell, Neuropathol. Appl. Neurobiol.
2002, October 28(5) 3906; Cottrell, Neurology, July 24,

S7(2) 260-4. Alieu, Neurol. Res., 2003, September 25(6)
665-74. Aliev, Ann NY Acad. Sci., 2002, November 977,
45-64.

By increasing the energetic activity of cytochrome oxi-
dase, the energy level associated with neuronal metabolism
may be beneficially increased. Indeed, the literature reports
that red light reverses the inhibitory eflects of neurotoxins
upon cytochrome oxidase activity, leading to increased

energy metabolism 1n neurons functionally inactivated by
toxins. Wong-Riley Neuroreport 12(14) 2001:3033-3037

and Wong-Riley, J. Biol. Chem., e-pub, Nov. 22, 2004.
According to Kamanli, Cell Biochem. Func. 2004, 22:53-
5’7, catalase detoxifies hydrogen peroxide and converts lipid
hydroperoxides into non-toxic alcohols, and 1s essential for
the inhibition of inflammation related to the function of
neutrophails.
Romm, Biull. Eksp. Biol. Med. 1986 October 102(10)

426-8 reports that laser irradiation of wounds results 1 a
decreased chemiluminescence that 1s attributable to activa-
tion of catalase in the tissue fluid.

Therefore, 1t 1s believed that irradiating the AD brain with
an eflective amount of red light will therapeutically increase
of the activity of catalase in the irradiated region, thereby
attenuating the deleterious eflect of hydrogen peroxide upon
the neurons 1n the AD brain.

According to Kamanli, supra, SOD catalyses dismutation
of the superoxide anion into hydrogen peroxide.

The literature repeatedly reports that red light 1rradiation
of 1nactivated SOD increases its activity. For example,
Vladimirov, Biochemistry (Moscow) 69(1) 2004, 81-90
provides a review including the photoreactivation of Cu—
/n SOD under He—Ne laser. Karu, Laser Ther. 1993, 5,
103-9 reports that reactive oxygen species in human blood
were Tound to be suppressed alter laser diode illumination at
660 nm, 820 nm, 880 nm and 950 nm. This afect has been
attributed by other authors to the activation of SOD or
catalase. Volotovskaila Vopr Kurortol Zizioter Lech Fiz Kult
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2003 May-June (3)22-5 reports that 632 nm He—Ne laser
irradiation of blood has an anti-oxidant effect as shown by
activation of SOD. Ostrakhovich Vestn Ross Akad Med
Nauk. 2001(5) 23-7 reports that infrared pulse laser therapy
of RA patients caused an increase i SOD activity. Gor-
batenkova Biofizika, 1988 July-August 33(4) 717-9 reports
that SOD that was iactivated by hydrogen peroxide was
reactivated by a 450-680 m red light laser. Vladimirov, Free
Rad. Biol. Med. 1988, 5(3-6) 281-6 reports the mnactivation
of SOD by its incubation in a low pH 3.9 solution and 1ts
subsequent reactivation by helium-neon laser light. Catalase
was found to be reactivated as well. Cho, In Vivo, 2004,
September-October 18(5) 585-91 reports on the use of low
level laser therapy (LLLT) to treat knee joints that have been
induced with OA by injection of hydrogen peroxide. SOD
was reported to increase about 40% in the OA group as
compared to controls.

Therefore, it 1s believed that irradiating the AD brain with
an eflective amount of red light will therapeutically 1ncrease
of the activity of SOD 1n the irradiated region, thereby
attenuating the deleterious eflect of superoxide anion upon
the neurons 1n the AD brain.

According to Leung, Laser Surg. Med. 31:283-288
(2002), nitric oxide enhances oxidative insult by reacting
with superoxide anion to form a stronger oxidant, peroxyni-
trite, which leads to mitochondrial dysfunction, DNA dam-
age and apoptosis. Haas, Neuroscience Letters, 322, (2002)
121-126 reports that iNOS 1s induced by amyloid plaques 1n
AD brains, and 1s responsible for producing NO, which 1s
considered to be highly neurotoxic when generated in
€XCESS.

Leung, supra, investigated the eflect of low energy red
laser after stroke in rats, and found that red light can
suppress NO synthase activity. In particular, Leung found
that irradiating a portion of the rat’s brain with a 660 nm red
light (average power 8.8 mW, 2.64 J/cm”) reduced NOS
activity up to about 80% over that 1n unirradiated stroke rats,
and up to about 60% over the NOS activity 1n normal rats.
Leung concluded that the main findings of the study was that
low energy laser may be protective by suppressing the
activity of NOS 1n cerebral 1schemia and reperfusion.

Without wishing to be theory, 1t 1s believed that 1rradiation
of a portion of an Alzheimer’s brain will similarly thera-
peutically suppress NO synthase activity, thereby attenuat-
ing peroxynitrite activity.

It 1s noted that Leung, supra, also reported that red light
irradiation of the brain resulted 1n a TGF-B tissue concen-
tration of 1-6 ng/ug protein of tissue. Thus, red light 1rra-
diation of the OB may very well be an attractive non-
invasive way of generating large amounts of TGF-B within
the brain.

Moreover, the literature has reported other highly benefi-
cial efiects of red light, including 1ts attenuation of the
immune response following neuronal injury. Byrnes, Lasers
Surg. Medicine 9999:1-15(2005) reports that 810 nm light
promotes the regeneration and functional recovery of the
injured spinal cord, and significantly suppressed IL-6 and
INOS expression and immune cell activation. Of note,
Byrnes reports a 171-fold decrease 1n I1L-6 expression and an
80% reduction 1 1INOS expression when the spinal cord
lesion was irradiated on a daily basis with about 100 J/cm?
red light for about 2 weeks.

The ability of red light to suppress IL-6 1n injured
neuronal matter 1s i1mportant to the present invention
because 1L-6 1s thought to play a major role 1n AD pathol-
ogy. For example, Del Bo, Neuroscience Letters 188 (1995)
70-74 reports that IL-6 increased mRNA levels of beta-
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amyloid precursor protein (APP) 1in a dose dependent rela-
tionship. Qiu, J. Neuroimmunolog, 139, (2003) 31-57
reports that IL-6 1s thought to contribute to AD by increasing
amyloidogenesis. Huell, Acta Neuropathol. (Berl) 1993;
89(6) 544-31 reports that 1L.-6 1s found 1n early stages of
plaque formation and 1s restricted to the brain of AD
patients. In sum, i1t appears that IL-6 plays and early role in
the pathology of AD. Therefore, reducing the IL-6 expres-
sion 1n and around AD lesions may be quite helptul.

Also without wishing to be tied to a theory, 1t 1s further
believed that red light may also be eflective 1n causing the
release of calcitonin gene related peptide (CGRP), which in
turn may cause mast cells to degranulate and release 11.-10,
thereby attenuating AD.

Because long wavelength red light can penetrate soft
tissue up to many centimeters, 1t might be advantageous to
transcutaneously deliver the red light to the fiber optic. Now
referring to FIGS. 10a-10c, 1n one embodiment, a fiber optic
401 having a proximal light collector 403 1s placed at the
interior rim of the skull and the distal end portion 405 of the
cable (which 1s unclad) is run to the target location. Red light
can then be delivered transcutaneously from a probe 415 to
the collector 403, which will then transport the light to the
target location.

In some embodiments, as in FIG. 10c, the collector 403
has a porous osteoconductive collar 407 for intergrating with
the bone 1n the skull. The collector may comprise a funnel-
shaped mirror 409 (made of titanium) that connects to the
fiber optic cable 401 and 1s filed with a red light-transparent
material 411 such as silica.

To enhance the propagation of light emitted from the end
of the fiber, a lens could be placed at the distal end of the
fiber to spread the light, or a diffuser such as a small sheet
or plate of optical material could be used to create more
surface area. Alternatively, one could create a series of
lateral diffusers, such as grooves or ridges, along the distal
portion of end of the fiber to spread light out from 360
degrees perpendicular to the axis of the fiber, as well as
emanating directly out from the end of the fiber.

In some embodiments, the devices shown 1n FIGS. 1-9
may be modified to deliver red light alone, or a combination
of red and UV light.

Preferably, the red light 1s provided 1in a wavelength of
between 600 nm and 1000 nm. Preferably, the red light of
the present invention has a wavelength of between about 650
nm and about 1000 nm. In some embodiments, the wave-
length of light 1s between 800 and 900 nm, more preferably
between 800 nm and 835 nm. In this range, red light has not
only a large penetration depth (thereby facilitating 1ts trans-
fer to the fiber optic and SN), but Wong-Riley reports that
cytochrome oxidase activity 1s significantly increased at 830
nm, and Mochizuki-Oda reported increased ATP production
via a 830 mn laser.

In some embodiments, the wavelength of light 1s between
600 and 700 nm. In this range, Wong-Riley reports that
cytochrome oxidase activity was significantly increased at
670 nm. Wollman reports neuroregenerative eflects with a
632 nm He—Ne laser.

Respecting penetration depths, Byrnes, Lasers Surg.
Medicine 9999:1-15(20035) reports that an efl

ective amount

of 810 nm light was able to traverse a 1 cm thick rat spinal
cord. The penetration depths of various wavelengths of red
light 1n grey matter brain tissue have been reported in

Yaroslavsky, Phys. Med. Biol. 47(2002) 2059-73 as follows:
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Wavelength Penetration Depth
630 nm 0.83-4.06
675 nm 1.29
670 nm 4.4
1064 nm 1.18-3.28

In some embodiments, the light source 1s situated to
irradiate adjacent tissue with between about 0.02 J/cm® and
200 J/cm” energy. Without wishing to be tied to a theory, it
1s believed that light transmission in this energy range will
be suflicient to increase the activity of the cytochrome
oxidase and anti-oxidant activity around and in the target
region. In some embodiments, the light source 1s situated to
irradiate adjacent tissue with between about 0.2 J/cm” and 50
J/cm” energy, more preferably between about 1 J/cm” and 10
J/cm? energy. In other embodiments, the red light is deliv-
ered in an amount of greater than 10 J/cm”.

In some embodiments, the light source 1s situated to
produce an energy intensity of between 0.1 watts/cm® and 10
watts/cm”. In some embodiments, the light source is situated
to produce about 1 milliwatt/cm”.

Of note, it has been reported that the neuroprotective
ellects of red light can be eflected by a single 1rradiation on
the order of minutes. Wong-Riley, J. Biol. Chem. 2004,
e-pub Nov. 22, reports that 1irradiating neurons with 670 nm
red light for only ten minutes results 1n neuroprotection.
Similarly, Wong-Riley Neuroreport 12(14) 2001:3033-3037
reports that a mere 80 second dose of red light 1rradiation of
neuron provided sustained levels of cytochrome oxidase
activity in those neurons over a 24 hour period. Wong-Riley
hypothesizes that this phenomenon occurs because “a cas-
cade of events must have been mitiated by the high mitial
absorption of light by the enzyme”.

Theretfore, in some embodiments of the present invention,
the therapeutic dose of red light 1s provided on approxi-
mately a daily basis, preferably no more than 3 times a day,
more preferably no more than twice a day, more preferably
once a day.

In some embodiments, the red light irradiation 1s deliv-
ered 1n a continuous manner. In others, the red light irra-
diation 1s pulsed 1n order to reduce the heat associated with
the rradiation. Without wishing to be tied to a theory, 1t 1s
believed that pulsed light may be more eflective in achieving
the vibratory oscillation of the catalase and SOD molecules.

In some embodiments, red light 1s combined with poly-
chrome visible or white light.

In some embodiments, the fiber optic 1s placed to wrradiate
a portion of the AD brain damaged by a beta-amyloid
plaque. In some embodiments, the fiber optic 1s placed to
irradiate a portion of the AD brain undamaged by a beta-
amyloid plaque. In some embodiments, the fiber optic 1s
placed to 1rradiate a portion of the hippocampus, the
amygdala, the locus coeruleus, or the prefrontal cortex, or
combinations thereof.

Therelore, 1n general, the fiber optic may be placed within
about an 4-10 mm of these targeted locations. The surgeon
may access the selected location though the brain paren-
chyma using stereotactic MRI guidance. As 1t 1s desirable to
use a flexible material as the fiber optic in order to reduce
migration, the distal end of the fiber optic may be placed
near the selected target with the help of a relatively stifl
introducer cannula.

In some embodiments, the patient can receive a unilateral
fiber optic, while 1n other the patient can receive bilateral

10

15

20

25

30

35

40

45

50

55

60

65

14

fiber optic. In some embodiments, a plurality of cables 1s
used to deliver light to each target region.

In some embodiments, a red light source or red light
collector and the proximal end of the fiber optic are placed
in the chest. This allows the surgeon to conduct maintenance
activity on an mmplanted light source without having to
re-open the cramum. In addition, location within the chest
also lessens the chances of surface erosion.

According to Johanson, Cell. Mol. Neurobiol., 20(2)
2000, 197-216, the choroid plexus epithelium 1s a site of
synthesis of both bFGF and TGF-p. Each of these growth
factors may provide neuroprotection to neurons in Alzheim-
er’s Disease. For example, Each of Ren, Brain. Res. 1996,
Sept. 2, 732 (1-2) 16-24 and Prehn, Mol. Pharm. 1996,
February 49(2) 319-28 reports that TGF-beta exerts a neu-
roprotective ellect against beta amyloid neurotoxicity in
hippocampal neurons.

At the same time, the laser literature repeatedly reports
that bFGF and TGF-B expression 1n cells can be stimulated
by low level red light. For example, Leung, Lasers Surg.
Med. 2002, 31, (4) 283-8 reports the novel expression of
TGF-B 1n 1schemic brain tissue exposed to red light, while
Nowak, Plast. Reconstr. Surg., 2000 May 103(6), 2039-48
reports the expression of both TGF-B and bFGF 1n normal
dermal fibroblasts exposed to red light. Therefore, 1t 1s
reasonable to expect that low level red laser light may
likewise stimulate the production of these growth factors
from the choroid plexus epithelium.

Therefore, 1n accordance with the present invention, there
1s provided a method of treating a neurodegenerative dis-
case, comprising the steps of:

b) 1rradiating the choroid plexus of a patients with an
cllective amount of red light.

Because 1t 1s known that the choroid plexus produces
cerebropspinal fluid (CSF) which bathes the entire brain, 1t
1s believed that irradiation of the choroid plexus epithelium
will result in the expression of bFGF and TGF-§ in the
choroid plexus, and 1ts secretion therefrom into the cerebro-
spinal fluid (CSF). In some preferred embodiments, this
cytokine-enriched CSF will contain enough of these growth
factors to therapeutically bathe 1ts neighboring hippocampus
in at least one of bFGF and TGF-B.

Therefore, 1n some embodiments, there 1s provided a
treatment for AD, wherein UVB and red lights are delivered
to the choroid plexus 1n doses eflective to produce thera-
peutic amounts of I1L-10, bFGF and TGF-[3, which are then
secreted into the CSF to provide neuroprotective and anti-

inflammatory therapy to at least the hippocampus portion of
the brain.

It 1s well known 1n the art that AD 1s characterized not
only by the presence of macrophage-like microglia, but also
by the presence of lymphocytes. Since 1t 1s also known that
lymphocytes may secrete pro-intlammatory cytokines via
the Thl pathway, it 1s appropriate to consider the activity of
these T cells in AD therapies.

U.S. Pat. No. 6,083,919 (Johnson) has reported the co-
administration of IL-10 and TGF-3 1n amounts effective to
produce a synergistic reduction in lymphocyte activity. In
one example, Johnson reports that about 0.3 ng/ml of each
of IL-10 and TGF-{3 inhibits the activation of self-reactive T
cells 1n autoimmune diseases from 20,000 units to less than
500 units (a 97% reduction). This amounts to about a 10-fold
reduction 1n activation over either cytokine acting alone at
0.3 ng/ml.

Therefore, 1n one embodiment with the present invention,
there 1s provided a method of treating AD, wherein both
IL-10 and TGF-B are administered 1in amounts eflective to
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produce a synergistic reduction in lymphocyte activity. In
some preferred embodiments, the IL-10 1s provided by UVB
irradiation of local microglia or of dendritic cells adjacent
the choroid plexus, and the TGF-B 1s provided by red light
irradiation of the choroid plexus epithelium.

Theretfore, delivering both red and UVB light through the
same fiber optic to either place, and produce 1L-10, bFGF
and TGF-B at eitther place to provide therapy for an AD
patient without the need for a diode 1implant.

In some embodiments, a grait containing fibroblasts 1s
placed within the zone or wrradiation of the red light fiber
optic. When so irradiated, the fibroblasts will secrete bFGFE.

Although the above devices offer the advantage of requir-
ing only a single invasive procedure, there may be situations
wherein multiple i1nvasions of the skull are considered
acceptable. In those situations, 1t may be acceptable to
simply deliver exogenous IL-10 locally to the inflamed
tissue. If multiple invasions are considered acceptable, then,
in another aspect of the present invention, there 1s also
provided a method of treating or preventing Alzheimer’s
disease, comprising the step of:

a) 1ntracercbroventricularly admimstering an eflective

amount of I1-10.

Intracerebroventricularly administration of an eflective
amount of 11-10 1s a desirable procedure because the surgeon
may conveniently obtain and deliver exogenous 11-10 and
thereby not rely upon the patient’s immune system to
produce the IL-10. Furthermore, intracerebroventricularly
administration of an eflective amount of 11-10 can be con-
veniently carried out via an mjection through the skull of the
patient.

In some embodiments, the intracerebroventricularly
administered 1L-10 1s provided 1n a sustained release device.
The sustained release device 1s adapted to remain within the
brain tissue for a prolonged period and slowly release the
IL-10 contained therein to the surrounding environment.
This mode of delivery allows an IL-10 to remain 1n thera-
peutically eflective amounts within the brain tissue for a
prolonged period.

In some embodiments, the IL-10 1s predominantly
released from the sustained delivery device by 1ts diffusion
through the sustained delivery device (preferably, though a
polymer). In others, the IL-10 1s predominantly released

from the sustained delivery device by the biodegradation of
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a polymer). In some embodiments thereof, and now refer-
ring to FIG. 10, the implant 401 comprises 1L-10 (403)

embedded 1n a polymer 405, such as PLA.

Preferably, the sustained release device comprises a biore-
sorbable material whose gradual erosion causes the gradual
release of the 1L-10 to the brain tissue environment. In some
embodiments, the sustained release device comprises a
bioresorbable polymer. Preferably, the bioresorbable poly-
mer has a hali-life of at least s1x months, more preferably at
least nine months, more preferably at least 12 months.

In some embodiments, the sustained release device pro-
vides controlled release. In others, 1t provides continuous
release. In others, 1t provides intermittent release. In others,
the sustained release device comprises a biosensor.

A. K. Burkoth, Biomaterials (2000) 21:2395-2404, the
entire teaching of which are incorporated herein by refer-
ence, discloses a number of photopolymerizable anhydrides

suitable as sustained release devices. The repeating unit of

these anhydrides comprises a pair of diacid molecules linked
by anhydride bonds that are susceptible to hydrolysis.
Because the diacid molecules are hydrophobic, there 1s a
limited diffusion of water into the polymer, and so the
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polymer 1s subject only to surface degradation (not bulk
degradation). This 1s advantageous because the lifetime of
the polymer will essentially correspond to the mass of the
polymer.

In some embodiments, the photopolymerized anhydride 1s
selected from the group consisting of polymers of meth-
acrylated sebacic acid (MSA), methacrylated 1,6-bis(p-car-
boxyphenoxy) hexane (MCPH), 1,3-bis(p-carboxyphenoxy)
propane (CPP), methacrylated cholesterol (MC), methacry-
lated stearic acid (MstA) and blends and copolymers there-
from.

In one embodiment, a copolymer of poly[bis(p-carboxy-
phenoxy) propane]| anhydride and sebacic acid 1 a 50:50 to
20:80 formulation 1s used as the sustained release device.

In some embodiments, the photopolymerization 1s carried
out by adapting a light source to the distal end of the delivery
cannula that enters the crantum. In other embodiments, a
photo-optic cable 1s used to transmit light energy into the
precursor components that have been deposited in the brain.
In other embodiments, light 1s transmitted through the skin
(1.e, transcutancously). In some embodiments thereof, a
photobleaching initiating system 1s used.

In some embodiments, a linear polyanhydride 1s first
dissolved in a monomer, and then photopolymerized to form
a S-IPN of a photopolymerized anhydride. These are par-
ticularly desirable where increased resistance to hydroysis 1s
desired. Accordingly, 1n some embodiments, the composi-
tion of the present invention comprises a S-IPN comprising
a photopolymerized anhydride.

In some embodiments, poly (1,6-bis (p-carboxyphenoxy)
hexane (PCPH) 1s used. This polymer has a degradation of
about 496 days, and so 1s desirably used as the composition
of the present invention.

Polymerization 1s preferably initiated using photoinitia-
tors. Photoinitiators that generate an active species on expo-
sure to UV light are well known to those of skill 1n the art.
Active species can also be formed in a relatively muild
manner from photon absorption of certain dyes and chemical
compounds.

These groups can be polymernized using photoinitiators
that generate active species upon exposure to UV light, or,
preferably, using long-wavelength ultraviolet light (LWUV)
or visible light. LWUYV and wvisible light are preferred
because they cause less damage to tissue and other biologi-
cal matenals than UV light. Useful photoinitiators are those,
which can be used to mitiate polymerization of the mac-
romers without cytotoxicity and within a short time frame,
minutes at most and most preferably seconds.

Exposure of dyes and co-catalysts such as amines to
visible or LWUYV light can generate active species. Light
absorption by the dye causes the dye to assume a triplet state,
and the triplet state subsequently reacts with the amine to
form an active species, which nitiates polymerization.
Polymerization can be nitiated by wrradiation with light at a
wavelength of between about 200-700 nm, most preferably
in the long wavelength ultraviolet range or visible range, 320
nm or higher, and most preferably between about 365 and
514 nm.

Numerous dyes can be used for photopolymerization.
Suitable dyes are well known to those of skill in the art.
Preferred dyes include erythrosin, phloxime, rose bengal,
thonine, camphorquinone, ethyl eosin, cosin, methylene
blue, rnboflavin, 2,2-dimethyl-2-phenylacetophenone,
2-methoxy-2-phenylacetophenone, 2,2-dimethoxy-2-phenyl
acetophenone, other acetophenone derivatives, and cam-
phorquinone. Suitable cocatalysts imnclude amines such as
N-methyl diethanolamine, N,N-dimethyl benzylamine, tri-
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cthanol amine, triethylamine, dibenzyl amine, N-benzyle-
thanolamine, N-1sopropyl benzylamine. Triethanolamine 1s
a preferred cocatalyst.

Photopolymerization of these polymer solutions 1s based
on the discovery that combinations of polymers and pho-
toimtiators (1n a concentration not toxic to the cells, less than
0.1% by weight, more preferably between 0.05 and 0.01%
by weight percent mitiator) will crosslink upon exposure to
light equivalent to between one and three mWatts/cm?
applied to the skin of nude mice.

In some embodiments, the sustained delivery device
comprises bioerodable microspheres. The 1L-10 1s prefer-
ably contained 1n a gelatin (or water or other solvent) within
the capsule, and 1s released to the brain tissue environment
when the outer shell has been eroded. The device can include
a plurality of capsules having outer shells of varying thick-
ness, so that the sequential breakdown of the outer shells
provides periodic release of the 1L-10.

In some embodiments, the sustained delivery device
comprises an inflammatory-responsive delivery system,
preferably comprising bioerodable microspheres that are
ceroded by invading macrophages. This technology provides
a high correspondence between physiologic inflammation of
brain tissue environment and the release of the IL-10 nto

that environment. Preferably, the technology disclosed in
Brown et al., Arthritis. Rheum. 1998 December; 41(12) pp..

2185-95 1s selected.

In some embodiments thereof the IL-10 1s delivered
through a drug pump. In some embodiments, the sustained
delivery device comprises the devices disclosed in U.S. Pat.
No. 3,728,396 (*“Peery”), the specification of which 1s 1mcor-
porated by reference in its entirety.

In some embodiments, the sustained, delivery device
comprises a plurality (preferably at least one hundred) of
water-containing chambers, each chamber containing I11.-10.
Each chamber 1s defined by bilayer lipid membranes com-
prising synthetic duplicates of naturally occurring lipids.
The release of the 11-10 can be controlled by varying at least
one of the aqueous excipients, the lipid components, and the
manufacturing parameters. Preferably, the formulation com-
prises-no more than 10% lipid. In some embodiments, the
Depofoam™ technology of Skyepharma PLC (located 1n
London, United Kingdom) 1s selected.

In some embodiments, the sustaimned delivery device
comprises a delivery system disclosed in U.S. Pat. No.
5,270,300 (“Hunziker”), the specification of which 1s incor-
porated by reference in its entirety.

In some embodiments, the sustained delivery device
comprises the co-polymer poly-DL-lactide-co-glycolide
(PLG). Preferably, the formulation 1s manufactured by com-
bining the I1L-10, the co-polymer and a solvent to form a
droplet, and then evaporating the solvent to form a micro-
sphere. The plurality of microspheres are then combined 1n
a biocompatible diluent. Preferably, the IL-10 1s released
from the co-polymer by its diffusion therethrough and by the
biodegradation of the co-polymer. In some embodiments
hereof, the ProLease™ technology of Alkermes (located in
Cambridge, Mass.) 1s selected.

Hydrogels can also be used to deliver the IL-10 1n a
time-release manner to the brain tissue environment. A
“hydrogel” 1s a substance formed when an organic polymer
(natural or synthetic) 1s set or solidified to create a three-
dimensional open-lattice structure that entraps molecules of
water or other solution to form a gel. The solidification can
occur, e.g., by aggregation, coagulation, hydrophobic inter-
actions, or crosslinking. The hydrogels employed 1n this
invention rapidly solidify to keep the IL-10 at the applica-
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tion site, thereby eliminating undesired migration from the
brain tissue. The hydrogels are also biocompatible, e.g., not
toxic, to cells suspended 1n the hydrogel.

A “hydrogel-IL-10 composition™ 1s a suspension of a
hydrogel contaiming desired IL-10. The hydrogel-IL-10
composition forms a uniform distribution of IL-10 with a
well-defined and precisely controllable density. Moreover,
the hydrogel can support very large densities of 1L-10. In
addition, the hydrogel allows diffusion of nutrients and
waste products to, and away from, the 1L-10, which pro-
motes tissue growth.

Hydrogels suitable for use in the present invention include
water-containing gels, 1.e., polymers characterized by hydro-
philicity and insolubility 1n water. See, for instance, “Hydro-
gels™, pages 458-459 1n Concise Encyclopedia of Polymer
Science and Engineering, Eds. Mark et al., Wiley and Sons,
1990, the disclosure of which 1s incorporated herein by
reference. Although their use 1s optional 1n the present
invention, the inclusion of hydrogels 1s preferred since they
tend to contribute a number of desirable qualities. By virtue
of their hydrophilic, water-containing nature, hydrogels can
house viable cells, such as mesenchymal stems cells.

In a preferred embodiment, the hydrogel 1s a fine, pow-
dery synthetic hydrogel. Suitable hydrogels exhibit an opti-
mal combination of such properties as compatibility with the
matrix polymer of choice, and biocompatability. The hydro-
gel can include any of the following: polysaccharndes,
proteins, polyphosphazenes, poly(oxyethylene)-poly(oxy-
propylene) block polymers, poly(oxyethylene)-poly (oxy-
propylene) block polymers of ethylene diamine, poly
(acrylic acids), poly(methacrylic acids), copolymers of
acrylic acid and methacrylic acid, poly(vinyl acetate), and
sulfonated polymers.

In general, these polymers are at least partially soluble 1n
aqueous solutions, e.g., water, or aqueous alcohol solutions
that have charged side groups, or a monovalent 10onic salt
thereof. There are many examples of polymers with acidic
side groups that can be reacted with cations, e.g., poly
(phosphazenes), poly(acrylic acids), and poly(methacrylic
acids). Examples of acidic groups include carboxylic acid
groups, sulfonic acid groups, and halogenated (preferably
fluorinated) alcohol groups. Examples of polymers with
basic side groups that can react with anions are poly(vinyl
amines), poly(vinyl pyridine), and poly(vinyl imidazole).

In some embodiments, the sustamned delivery device
includes a polymer selected from the group consisting of

PLA, PGA, PCL, and mixtures thereof.

In other embodiments, the IL.-10 1s administered intrath-
ecally.

In other embodiments, there 1s provided a method of
treating Alzheimer’s disease, comprising the step of:

a) 1ntracerebroventricularly administering an eflfective

amount of 11-4 to a patient.

In other embodiments, there 1s provided a method of
treating Alzheimer’s disease, comprising the step of:

a) 1intracerebroventricularly administering an eflective
amount of an immunoglobulin selected from the group
consisting of IgG and IgA to a patient.

In addition to Alzheimer’s Disease, 1t 1s believed that the
devices of the present mvention would also be eflective 1n
treating other inflammatory mediated diseases of the central
nervous system, including Infection (Viral, Bacterial, Pro-
tozoal, Prion, Fungal), AlDs-related Alzheimer’s Disease,
Multiple Sclerosis, Devic’s disease and ADEM Sarcoidosis,
Acute brain injury, Auto-immune diseases and vasculitides,
and Paraneoplastic syndromes.
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Modifications of the IL-10 and its functional fragments
that either enhance or do not greatly affect the ability to
inhibit oxidation are also included within the term “IL-10.”
Such modifications include, for example, additions, dele-
tions or replacements of one or more amino acids from the
native amino acid sequence of 1L-10 with a structurally or
chemically similar amino acid or amino acid analog. These
modifications will either enhance or not significantly alter
the structure, conformation or functional activity of the
IL-10 or a functional fragment thereotf. Modifications that do
not greatly aflect the activity of the IL-10 or 1ts functional
fragments can also include the addition or removal of sugar,
phosphate or lipid groups as well as other chemical deriva-
tions known 1n the art. Additionally, IL-10 or 1ts functional
fragments can be modified by the addition of epitope tags or
other sequences that aid 1n 1ts purification and which do not
greatly aflect 1ts activity.

As used herein, the term “functional fragment,” 1 con-
nection with IL-10, 1s mtended to mean a portion of the
IL-10 that maintains the ability of the IL-10 to inhibit
inflammation. A functional fragment can be, for example,
from about 6 to about 300 amino acids in length, for
example, from about 7 to about 150 amino acids 1n length,
more preferably from about 8 to about 50 amino acids in
length. If desired, a functional fragment can 1include regions
of the IL-10 with activities that beneficially cooperate with
the ability to inhibit mnflammation.

We claim:
1. A method of treating a patient having Alzheimer’s
Disease, comprising the steps of:

a) providing a device comprising an LED and a fiber optic
cable having a proximal end portion and a distal end
portion;

b) implanting the device into the patient so that the distal
end portion of the fiber optic cable 1s located adjacent
to the hippocampus, and

¢) delivering light provided 1n a wavelength of between
600 nm and about 1000 nm from the LED through the
proximal end portion of the fiber optic cable to the
distal end portion of the cable, and

d) rrradiating the hippocampus with an effective amount
of the delivered light,

wherein the fiber optic cable and LED are located inside the
patient’s skull,

wherein the distal end portion of the fiber optic cable does
not directly contact the hippocampus.

2. A method of treating a patient having Alzheimer’s

Disease, comprising the steps of:

a) providing a device comprising an LED and a fiber optic
cable having a proximal end portion and a distal end
portion;

b) implanting the device into the patient so that the distal
end portion of the fiber optic cable 1s located adjacent
to the hippocampus, and

¢) delivering light provided 1n a wavelength of between
650 nm and about 1000 nm from the LED through the
proximal end portion of the fiber optic cable to the
distal end portion of the cable, and
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d) irradiating the hippocampus with an eflective amount

of the delivered light,
wherein the fiber optic cable and LED are located inside the
patient’s skull,
wherein the distal end portion of the fiber optic cable does
not directly contact the hippocampus.

3. A method of treating a patient having Alzheimer’s
Disease, comprising the steps of:

a) selecting a device comprising an LED and a light
emitter having a proximal end portion and a distal end
portion,

b) inserting at least a portion of the device into the patient
so that the distal end portion of the light emitter is
located between the patient’s skin and hippocampus
and placed to irradiate a portion of the hippocampus,
and

c) delivering light provided in a wavelength of between
600 nm and about 1000 nm from the LED through the
proximal end portion of the light emitter to the distal
end portion of the light emitter,

d) irradiating the hippocampus with an effective amount
of the delivered light, and

e) placing the distal end portion of the light emitter within
10 mm of the hippocampus wherein the distal end
portion of the light emitter does not directly contact the
hippocampus.

4. The method of claim 3, wherein delivering light pro-
vided in a wavelength of between 600 nm and about 1000 nm
includes delivering light provided in a wavelength of
between 600 nm and 700 nm.

5. The method of claim 3, wherein delivering light pro-
vided in a wavelength of between 600 nm and about 1000 nm
includes delivering light provided in a wavelength of
between 800 nm and 900 nm.

6. The method of claim 3, wherein delivering light pro-
vided in a wavelength of between 600 nm and about 1000 nm
includes delivering light provided in a wavelength of
between 500 nm and 835 nm.

7. The method of claim 3, wherein the hippocampus is
irradiated with between about 0.2 J/cm” and 200 J/cm® of
energy.

8. The method of claim 3, wherein the hippocampus is
irradiated with between about 0.2 J/cm® and 50 J/em® of
energy.

9. The method of claim 3, wherein the hippocampus is
irradiated with between about 1 J/cm” and 10 J/cm” of
energy.

10. The method of claim 3, wherein the hippocampus is
irvadiated for a time on the order of minutes.

11. The method of claim 3, wherein the hippocampus is
irradiated for 10 minutes.

12. The method of claim 3, further comprising intracere-
broventricularly administering an effective amount of 1/-10.

13. The method of claim 3, further comprising adminis-
tration of UVB irradiation.

14. The method of claim 3, further comprising placing the
distal end portion of the light emitter within 4 mm of the
hippocampus.
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