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(57) Abrégée/Abstract:

The Invention provides for compositions and process for fabricating an optical reflector constructed from biocompatible and
bioresorbable silk fibroin proteins. For example, the silk retroreflectors may be built based on millimeter size microprism arrays to
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(57) Abrege(suite)/Abstract(continued):
rotate the image plane of imaged cortical layers, thus enhancing the amount of photons that are detectable in the reflected direction

when inserted In a sample to be analyzed, and ultimately increasing in contrast ratio in multiphoton microscopy. Such device can
be used as a label-free, biocompatible, bioresorbable, implantable device for various applications ranging from medical
iImaging/diagnostics, drug/therapeutic delivery, to food chain safety and environmental monitoring.



wO 2011/046652 A3 || /NI OADE N0 0N 0 R YR

CA 02803833 2012-12-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
21 April 2011 (21.04.2011)

(10) International Publication Number

WO 2011/046652 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
GOIN 33/48 (2006.01) A61B 5/00(2006.01)
GOIN 33/68 (2006.01)

International Application Number:
PCT/US2010/042585

International Filing Date:
20 July 2010 (20.07.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/226,801 20 July 2009 (20.07.2009) US

Applicant (for all designated States except US):
TRUSTEES OF TUFTS COLLEGE [US/US]; Ballou
Hall, Medford, Massachusetts 02155 (US).

Inventors; and

Inventors/Applicants (for US only): OMENETTO,
Fiorenzo [US/US]; 22 Prospect Street, Wakefield, Mas-
sachusetts 01880 (US). KAPLAN, David L. [US/US]; 46
Pond Street, Concord, Massachusetts 01742 (US).

Agents: RESNICK, David et al.; Nixon Peabody LLP,
100 Summer Street, Boston, Massachusetts 02110 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), Furopean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

[Continued on next page]

(54) Title: ALL-PROTEIN IMPLANTABLE, RESORBABLE REFLECTORS

(57) Abstract: The mvention provides for compositions and process for
fabricating an optical retlector constructed from biocompatible and biore-

Tt e AR
5 %*‘ R

R AT A 2

\v," 3 o

A
A
5

%
.'1/4

77 i
7

: .4//}.'”7:

N
-

-.. ,
o seime .

VTGOS O L ey
'l - 4 % - - Sl

' :,I: i :

SO
A
ALY u

L’ L,

AT S o S e
o ey o Ay e
A

o //y
&0 ,‘:%

ffg; :

.\:ﬁn\i‘\'ﬁ o
%:}:\\'g\&\ T

RO N PERE RN
ORI

!

(d)

Figure |

e sorbable silk fibroin proteins. For example, the silk retroreflectors may be

P e built based on millimeter size microprism arrays to rotate the image plane
of imaged cortical layers, thus enhancing the amount of photons that are
detectable in the retlected direction when mserted in a sample to be ana-
. lyzed, and ultimately increasing in contrast ratio m multiphoton mi-
- \t‘i\\& croscopy. Such device can be used as a label-free, biocompatible, biore-
I sorbable, implantable device for various applications ranging from medi-
cal imaging/diagnostics, drug/therapeutic delivery, to food chain safety
and environmental monitoring.
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ALL-PROTEIN IMPLANTABLE, RESORBABLE REFLECTORS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of U.S. Provisional Application
Ser. No. 61/226,801 filed July 20, 2009, the content of which 1s incorporated herein by

reference 1n its entirety.

GOVERNMENT SUPPORT
[0002] This invention was made with government support under EB002520 awarded
by the National Institutes of Health, W911NF-07-1-0618 awarded by the Army Research
Office, and FA9550-07-1-0079 awarded by the Air Force Office of Scientific Research. The

government has certain rights in the invention.

FIELD OF THE INVENTION
[0003] This invention relates to the field of biophotonic and biomedical devices.
More specifically, the embodiments of the invention provide for silk fibroins as novel
biocompatible, bioresorbable, and implantable reflective components or devices for various
applications ranging from medical imaging/diagnostics, drug/therapeutic delivery,

biosensing, to food chain safety and environmental monitoring.

BACKGROUND OF THE INVENTION

[0004] Medical 1imaging 1s extending human vision into the nature of disease and
tissue function, allowing a novel and more powerful generation of diagnosis and intervention.
Deutsch, 85 Proceedings of the IEEE 1797-816 (1997). Optical methods have been explored
to develop novel medical imaging applications 1n areas such as detection of disease,
assessment of tissue function, and therapeutic interventions. For example, confocal and non-
linear microscopy, optical coherence tomography, and diffuse optical tomography are
biomedical optics technique capable of investigating biological tissues over depths in the
order of ~0.1 mm, ~1 mm, and ~1 cm, respectively.

[0005] In spite of this pivotal role, imaging techniques still present challenges,
including the optical transmission limitations of natural tissue 1imposed by scattering and

absorption that curb the image resolution and the depth of observation. Matcher et al., 36

Appl. Opt. 386-96 (1997); Zonios & Dimou, 17 Opt. Express 1256-67 (2009). The imaging
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techniques are also limited by the amount and type of information that can be relayed by the
optical system. These problems often require resorting to methods for enhancing image
quality through, for example, introducing exogenous contrast agents or radioactive markers
that can be 1invasive or toxic or resorting to probes for imaging such as those atforded by
endoscopy. There 1s a need to overcome these limitations and expand the utility of optical
devices that ultimately affect an individual’s anamnesis. More specifically, there remains a
need 1n the art of biomedical device field to develop biocompatible, biodegradable and/or
bioresorbable photonic components and devices that need no retrieval after incorporation in

the body, and at the same time, provide high-quality optical properties and sensitivities.

SUMMARY OF THE INVENTION

[0006] One aspect of the invention relates to compositions and methods for
fabricating an optical reflector constructed from biocompatible and bioresorbable silk fibroin
proteins. The silk optical components were used and characterized by in vitro and in vivo
optical measurements, which demonstrated signal enhancements through different
scattering/absorption medium (e.g., layers of tissues), exerted no adverse biological eftects,
and exhibited slow degradability and the ability to integrate into native tissue in vivo. Such
silk reflectors can be used as a novel class of biocompatible and bioabsorbable optical
devices in medical imaging and diagnosis field suited for optical and photonic component
fabrication and, at the same time, can be introduced 1nside the human body without the need
for retrieval.

[0007] One aspect of the invention relates to a process for tabricating a silk reflector,
comprising the step of forming a reflective element or an array of reflective elements onto the
surface of a silk film.

[0008] Another aspect of the invention relates to a silk reflector comprising one or
more layers of silk film, where a reflective element or an array of reflective elements 1s
formed onto the surface of the silk film or each layer of the silk film.

[0009] The reflective element or the array of reflective elements may be formed on
the surface of a silk film through replicating from a master pattern having the reflective
element or the array of reflective elements. Alternatively, the reflective element or the array
of reflective elements may be formed on the surface of a silk film through dispersing
reflective particles in or on the surface the silk film. For example, the reflective particles may

be metal nanoparticles such as gold or silver nanoparticles, or combinations thereof.
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[0010] Another aspect of the invention relates to an implantable silk reflector having
optical utility for in vivo operation, comprising at least one layer of silk film having a
reflective element or an array of reflective elements formed onto the surface of the silk layer.
The resulting silk reflector 1s biocompatible and bioresorbable. The reflective element may

be a microprism or array of microprisms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1A 1s a picture showing a free standing 1x1.5 cm silk reflector film.
Figures 1B-1D are scanning electron microscope images showing the magnified images of
the silk reflector. Figures 1B and 1D show the different magnifications of the individual
prisms, and Figure 1C shows the side image of the associated film 1llustrating the section of
the individual prismes.

[0012] Figures 2A-2D are scanning electron microscope images showing the different
magnifications of the prisms of the silk reflector.

[0013] Figure 3A 1s a schematic of the experimental setup for the evaluation of the
performance of replicated microprism silk reflectors. Figure 3B 1s a graph showing the result
of the performance of the silk microprism reflector, indicating orders of magnitude increase
in the reflected signal compared to the background signal. Incoherent white light
illumination was provided to the silk reflector from a fixed height and a backscattering
reflection probe was used to collect the response from the same height and couple 1t to a
Spectrometer.

[0014] Figures 4A and 4B are schemes depicting the experimental setup used to
establish the efficacy of both bare silk retroreflective films (Figure 4A) and silk
retroreflective films underneath a layer of scattering medium (e.g. gelatin) (Figure 4B).

[0015] Figures SA-SF show the results of reflectivity measurement from the setup
illustrated 1in Figure 4. Figures 5A, 5C and 5E are collected images on the CCD camera and
Figures 5B, 5D and 5F show corresponding intensity profiles for the collected images of
Figures SA, 5C and SE, respectively. Figures SA and 5B show the comparison of the images
(Figure 5A) and corresponding intensity profiles (Figure SB) for reflectivity of the bare
master (the left image and intensity profile) and bare silk replica (the right image and
intensity profile); Figures 5C and 5D show the comparison of the images (Figure 5C) and
corresponding intensity profiles (Figure 5D) for reflectivity of the master (the left image and
intensity profile) and silk replica (the right image and intensity profile) under red light

illumination; and Figures SE and S5F show the comparison of the images (Figure SE) and
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corresponding intensity profiles (Figure SF) of a retroretlective film (the left image and
intensity profile) and a clear silk film (the right image and intensity profile) under a 2 cm
thick layer of gelatin.

[0016] Figures 6A and 6B show the comparison of the detection of a clear silk film
(Figure 6A) versus the detection of a reflector silk film (Figure 6B) underneath of a 3 mm
collagen layer.

[0017] Figures 7A-7C show the results of silk retroreflectors embedded 1n scattering
media. Figure 7A 1s a schematic showing that the silk reflector was exposed to 1sotropic
illumination from a white light source, and the reflection from the silk reflector was collected
at a distance of 1.5 meters with a digital CCD camera. The inset images of Figure 7B show
the collected CCD 1mages of the silk reflector (the left image) and a flat silk substrate (the
right image) under 3.5 cm of gelatin; and the graph of Figure 7B shows corresponding
intensity profiles extracted from the image for the silk reflector (1) and a flat silk substrate
(2), respectively. The inset image of Figure 7C shows the collected image from the CCD
when the silk reflector was immersed under 6.5 cm of scattering solution composed of talcum
and water. The silk reflector was attached to the bottom of a dark container and then covered
with the solution. The graph of Figure 7C shows corresponding intensity profile extracted
from cross sections of the image including the reflector (1) and the background (2).

[0018] Figures 8A-8B show the results from in vitro experiments with incoherent
illumination and detection through a fiber probe of the backscattered spectrum from deep
tissue layers. Figure 8A 1s a schematic illustrating the in vitro experiment setup, where a silk
reflector 1s placed underneath a spectrally responsive element to capture scattered photons in
the forward direction and enhanced the backscattered signal. Figure 8B shows the spectral
response when the spectrally responsive element 1s a pigmented cellulose layer and Figure 8C
shows the spectral response when a silk reflector 1s placed underneath a multilayered spectral
filter.

[0019] Figures 9A-9C show the results from in vitro experiments with incoherent
illumination and detection through a fiber probe of the backscattered spectrum from deep
tissue layers. Figure 9A 1s a schematic illustrating the in vitro experiment setup, where a silk
reflector 1s placed underneath a spectrally responsive element to capture scattered photons in
the forward direction and enhanced the backscattered signal. Figure 9B shows the intensity
profiles comparing the signal detected from (1) the spectral element covered by one layer of
fat, (2) the spectral element covered by two fat layers and (3) the spectral element covered by

two fat layers, with the silk reflector placed underneath the spectral element. The response
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was significantly higher when the silk reflector was present. Figure 9C shows the results
from the similar experiment replacing the layers of fat with layers of muscle tissue: (1) the
response due to the spectral element covered with two layers of muscle tissue, and (2) the
response due to the spectral element covered with two layers of muscle tissue, with the silk
reflector placed underneath the spectral element.

[0020] Figure 10 shows the results from in vitro experiments with incoherent
illumination and detection through a fiber probe of the backscattered spectrum through
porcine muscle tissue layers in the presence of a multilayer filter (1) and resulting
enhancement of the detected response with the addition of a silk microprism array (2).

[0021] Figures 11A-11D 1illustrate the in vivo results by using the silk retlectors.
Figure 11A 1s a picture showing a subcutaneous implantation of silk reflectors in the dorsal
region of a mouse. The implant was 1 cm X 1 ¢cm and 1s visible. Figure 11B shows the result
of the same 1mplant after 20 days indicating no sign of infection and an increase of signal
from probing the area with the implant in comparison to an implant-free portion of the
mouse. Figure 11C shows an increased backscattered signal right after implantation of the
silk reflectors (a) comparing to a control signal taken from an implantless site (b).

Figure 11D illustrates the pathology section from H & E staining. The silk film with the
microprisms visible (2) 1s in contact with subcutaneous tissue (3 & 4), indicating a thickening
of the hypodermis directly under the implant (3) when compared to deeper hypodermis (4),
no influx of inflammatory cells or indication of a significant biological response to the
implant. The subcutaneous fat layer (35) 1s unaffected.

[0022] Figures 12A-12D show the microscope images of the silk reflectors used for
the implants.

[0023] Figure 13 shows the post implant analysis of the silk implant after 4 weeks of
in-dwelling within the mouse. The arrows associated to (a), (b) and (c¢) indicate the
revascularization occurring around the implanted film.

[0024] Figure 14 shows the full darkfield microscopy image of histological cross
section of the 1 cm reflector implanted in the mouse (after 4 weeks of implantation time).
Visible are the outer epidermis layer (1) and subcutaneous tissue (2), the silk film, with the
microprisms visible (3) the subcutaneous tissue (4,5 and 6), and muscle tissue (7). The
subcutaneous tissue shows a thickening of the hypodermis directly under the implant (3)
when compared to deeper hypodermis (4). The subcutaneous fat layer 1s unaftfected (5).

[0025] Figure 15 1s a schematic showing the geometry of the medium used for the

Monte Carlo simulation for the mouse experiments and the adipose tissue experiments. In the
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latter case the distance of the cornercubes microarray from the surface of the tissue was
I mm. Total reflection 1s considered at the skin-array (or fat-array) interface.

[0026] Figure 16 1s a graph showing the relative change of reflected power when the
cornercubes microarray 1s present (R,) or absent (R) 1n tissue, plotted against the
absorption coefficient.

[0027] Figure 17 1s a graph showing the relative change of reflected power when the
cornercubes microarray 1s present (R,) or absent (R) 1n tissue, plotted against the

absorption coefficient.

DETAILED DESCRIPTION

[0028] One aspect of the invention relates to compositions and methods for
fabricating an optical reflector constructed by biocompatible and bioresorbable silk fibroin
proteins, thus providing an implantable component/device of optical utility, and capable of
being incorporated in vivo as a resorbable optical device/component. For example, the silk
retroreflectors may utilize millimeter size microprism arrays to rotate the image plane of
imaged cortical layers, thus enhancing the amount of photons that are detectable in the
reflected direction when inserted in a sample to be analyzed, and ultimately increasing the
contrast ratio in multiphoton microscopy. Developing such material platforms addresses the
need 1n medical imaging and diagnosis field for materials that are suited for optical and
photonic component fabrication and at the same time can be introduced inside the human
body without the need for retrieval.

[0029] The above material approach can provide a paradigm shift from today’s
implantable optical devices. For example, optics and photonics devices/components can be
manufactured with materials, such as silk fibroins, that are simultaneously biocompatible,
implantable and bioresorbable, allowing the devices to be fully integrated into regenerated
native tissues over time once their diagnostic utility 1s exhausted, thereby eliminating the
need for retrieval. This can extend the utility of in vivo screening modalities where optical
responses are generated from the diagnostic site of interest, ultimately transtorming native
tissue 1into an optical interface. On the other hand, optics and photonic devices/components
prepared from such materials introduced directly inside the human body can also allow the
detection of enhanced endogenous optical responses or selected spectral portions of a
diagnostic interest.

[0030] The use of biopolymers is increasingly prevalent in optoelectronic and

photonic devices. Steckl et al., 1 Nat. Photonics 3 (2007); Hagen et al., 88 Applied Phys. Lett.
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171109 (2006); Dong et al., 442 Nature 551 (2006). Polymers such as polylactic acids
(Howard et al., 299 Biochem. Biophys. Res. Commun. 208 (2002); Partridge et al., 292
Biochem. Biophys. Res. Commun. 144 (2002)) and collagens (Stone et al., 79 J. Bone Joint
Surg. Am. 1770 (1997)) have been used as implantable, resorbable biomaterial matrices. The
material platforms in the above approach require the polymer materials to provide optical
features and performance comparable to common optical substrates, such as glass, plastics or
(inorganic) polymers. Purified silk possesses a convenient confluence of such traits.

[0031] Silk fibroin 1s a particularly appealing biopolymer candidate for forming such
devices because of its optical properties (Lawrence et al., 9 Biomacromolecules 1214
(2008)), mechanical properties (Altman et al., 24 Biomat. 401 (2003); Jiang et al., 17 Adyv.
Funct. Mater. 2229 (2007)), all aqueous processing (Sofia et al., 54 J. Biomed. Mater.

Res. 139 (2001); Perry et al., 20 Adv. Mater. 307072 (2008)), relatively easy
functionalization (Murphy et al., 29 Biomat. 2829-38 (2008)), and biocompatibility (Santin et
al., 46 J. Biomed. Mater. Res. 382-9 (1999)). For example, silk fibroin can be processed into
thin, mechanically robust films with excellent surface quality and optical transparency.

[0032] Silk has been used in human implants as a U.S. Food and Drug Administration
approved tissue engineering scatfold. Altman et al., 24 Biomaterials: 401 (2003).
Reprocessed silk has been recently shown to be suitable as a material platform to
manufacture sophisticated optical components with features on the micro- and nanoscale.
Amsden et al., 22 Adv. Mater. 1-4 (2010); Lawrence et al., 9 Biomacromolecules 1214
(2008); Omenetto & Kaplan, 2 Nat. Photonics 641 (2008); Perry et al., 20 Adv. Mater. 3070
(2008). Optical components made from the free-standing reprocessed silk are refractive or
diffractive, and comprise elements ranging from microlens arrays, white light holograms, to
diffraction gratings and planar photonic crystals with minimum feature sizes of less than 20
nanometers. These components, which are entirely constituted by silk, possess properties
needed to provide mechanically stable, high-quality optical elements that are fully
degradable, biocompatible and implantable. Omenetto & Kaplan, 2008.

[0033] As used herein, the term “silk fibroin” includes silkworm fibroin and insect or
spider silk protein. See e.g., Lucas et al., 13 Adv. Protein Chem. 107 (1958). Any type of silk
fibroin may be used according to the present invention. Silk fibroin produced by silkworms,
such as Bombyx mori, 1s the most common and represents an earth-friendly, renewable
resource. For instance, silk fibroin used in a silk optical film may be attained by extracting
sericin from the cocoons of B. mori. Organic silkworm cocoons are also commercially

available. There are many different silks, however, including spider silk (e.g., obtained from
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Nephila clavipes), transgenic silks, genetically engineered silks, such as silks from bacteria,
yeast, mammalian cells, transgenic animals, or transgenic plants (see, e.g., WO 97/08315;
U.S. Patent No. 5,245,012), and variants thereof, that may be used.

[0034] An aqueous silk fibroin solution may be prepared using techniques known in
the art. Suitable processes for preparing silk fibroin solution are disclosed, for example, 1n
U.S. Patent Application Ser. No. 11/247,358; WO/2005/012606; and WO/2008/127401. The
s1lk aqueous solution can then be processed into silk matrix such as silk films, conformal
coatings or layers, or 3-dimentional scaffolds, or electrospun fibers for further processing into
the silk reflectors. A micro-filtration step may be used herein. For example, the prepared
silk fibroin solution may be processed further by centrifugation and syringe based micro-
filtration before further processing into silk matrix. This process enables the production of
silk fibroin solution of excellent optical quality and stability. The micro-filtration step 1s
often desirable for the generation of high-quality optical films with minimized scattering.

[0035] Other biocompatible and biodegradable polymers may be blended in the silk
film. For example, additional biopolymers, such as chitosan, exhibit desirable mechanical
properties, can be processed 1n water, blended with silk fibroin, and form generally clear
films for optical applications. Other biopolymers, such as chitosan, collagen, gelatin,
agarose, chitin, polyhydroxyalkanoates, pullan, starch (amylose amylopectin), cellulose,
alginate, fibronectin, keratin, hyaluronic acid, pectin, polyaspartic acid, polylysin, pectin,
dextrans, and related biopolymers, or a combination thereof, may be utilized in specific
applications, and synthetic biodegradable polymers such as polyethylene oxide, polyethylene
glycol, polylactic acid, polyglycolic acid, polycaprolactone, polyorthoester, polycaprolactone,
polyfumarate, polyanhydrides, and related copolymers may also be selectively used. The
polymer selected herein to be blended into the silk films should not negatively impact the
optical quality or stability of silk films.

[0036] The silk fibroin film may be prepared by depositing an aqueous silk fibroin-
containing solution on a support substrate and allowing the silk fibroin solution to dry into a
film. In this regard, the substrate coated with silk fibroin-based solution may be exposed in
air for a period of time, such as 12 hours. Depositing the silk fibroin solution can be
performed by, e.g., using a spin coating method, where the silk fibroin solution 1s spin coated
onto the substrate to allow the fabrication of thin membranes of non-uniform in height; or
simply by pouring silk fibroin solution over the top of the substrate. The properties of the
silk fibroin film, such as thickness and content of other components, as well as optical

features, may be altered based on the concentration and/or the volume of the silk fibroin
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solution applied to the substrate, and the techniques used for processing the silk fibroin
solution 1nto silk film. For instance, the thickness of the silk film may be controlled by
changing the concentration of the silk fibroin in the solution, or by using desired volumes of
silk fibroin solution, resulting silk fibroin film with a thickness ranging from approximately 2
nm to 1 mm thick. In one embodiment, one can spin coat the silk fibroin onto a substrate to
create f1lms having thickness from about 2 nm to about 100 um using various concentrations
of silk fibroin and spinning speeds. The silk fibroin films formed herein have excellent
surface quality and optical transparency.

[0037] In one aspect of the invention, provided 1s a process for fabricating a silk
reflector, comprising the step of forming a retlective element or an array of reflective
elements onto the surface of a silk film. Another aspect of the invention also provides a silk
reflector comprising one or more layers of silk film, where a reflective element or an array of
reflective elements 1s formed onto the surface of the silk film or each layer of the silk film.

[0038] In some embodiments, the reflective element or the array of reflective
elements may be formed on the surface of a silk film through replicating from a master
pattern having the reflective element or the array of reflective elements.

[0039] Alternatively, the reflective element or the array of reflective elements may be
formed on the surface of a silk film through dispersing reflective particles in or on the surface
the silk film. For example, the reflective particles may be metal nanoparticles such as gold or
silver nanoparticles, or combinations thereof.

[0040] The term “master pattern™ as used herein refers to a mold or a template
possessing the desired pattern to be replicated on the surface of the silk film. The master
pattern may be a milli- micro- or nanopatterned surface and/or may be an optical device such
as a lens, microlens, microlens array, prisms, microprisms array, pattern generator, and the
like, depending on the reflective features desired for the silk reflectors or depending on the
reflective features desired in the optical device comprising the silk reflectors.

[0041] The retlective elements replicated from the master pattern may be a single
reflective element or reflective elements 1n a 1D, 2D or 3D array. The reflective elements
may be mirrors and retroreflectors with various shapes and geometries, including but not
limited to flat mirrors, diamond-cut reflectors, retroreflectors with geometries such as a
corner-cube, hemispherical geometry, ““cat’s-eye” geometry or the mirror-backed lens (see,
e.g., Lundvall et al., 11 Optics Express, 2459 (2003)), retro-retlecting cavities containing
plurality of orthogonal intersecting planes, such as the corners of square, rectangular, or

cubical cavities.
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[0042] The term “retroreflective” as used herein refers to the attribute of reflecting an
obliquely incident light ray 1n a direction antiparallel to its incident direction, or nearly so,
such that i1t returns to the light source or the immediate vicinity thereof. Retroreflectors can,
over a broad angle, return light toward 1ts source. Hence they are highly detectable by using
simple 1llumination and detection with or without spectral filters. Retroreflectors may be
used 1n a wide range of applications from retroreflective paints to enhance reflective
brightness on signs or markers for macroscale retroreflectors, to biological recognition
elements 1n medical imaging, bioassays or biosensors for microscale retroreflectors.

[0043] The silk reflective elements can be manufactured by techniques known to one
skilled 1n the art. In one embodiment, micromolding techniques akin to soft lithography
(Perry et al., 20 Adv. Mater. 3070 (2008); Xia & Whitesides, 37 Angew. Chem. Int. Ed. 550
(1998)) was used to prepare the silk implantable optical component by replicating a reflective
microprism array master mask. See also WO 2009/061823. For example, silk fibroin films
can be patterned on the micro- and nano-scale using a soft lithography casting technique 1n
which silk fibroin solution is cast on a pattern and dried. See Perry et al., 2008. The resulting
device was a 100 um thick free-standing silk reflector film with dimensions ranging from a
few to a few tens of square centimeters, as shown in Figure 1.

[0044] In other embodiments, room temperature nanoimprinting technique may also
be used to prepare the silk reflective components with fine features, such as those features
having a minimum dimension of about 20 nm or less. See PCT/US2010/024004. Using the
room-temperature nanoimprinting technique, the biological activity of some facile bioactive
agents that are particularly sensitive to temperature can be preserved, further enabling facile

production of bioactive nanoscale devices based on the silk implantable optical

devices/components.
[0045] In some embodiments, the silk reflector 1s used as retroreflector.
[0046] In some embodiments, the silk reflector presents enhanced reflectivity and

sensitivity when 1lluminated with a broadband light. The illumination can be simple white
light without spectral filtering.

[0047] In some embodiments, the silk reflector presents enhanced reflectivity and
sensitivity at specific wavelengths, for example the 1llumination may be filtered to a specific
wavelength such as a specific wavelength at a visible spectrum. In some embodiments, the
spectral element applied above the silk reflector can be multilayers of spectral filters.

[0048] Some embodiments of the invention are based on generating a free-standing

reflector f1lm constituted by a two dimensional (2-D) silk-microprism array. These silk-
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microprism arrays were integrated with scattering media and biological tissue, and both in
vivo and in vitro behaviors were studied.

[0049] The passive silk implantable optical component/device can be utilized 1n many
aspects. For instance, 1t can be used to increase the amount of light that returns to a detector
when a biological specimen 1s probed optically.

[0050] At least one active agent may be added into silk films or multiple silk layers.
Active agent may be added into the silk fibroin solution before or during the processing of
silk fibroin solution into silk film.

[0051] The active agent can represent any material capable of being embedded in the
silk film. For example, the agent may be a therapeutic agent, or a biological material, such as
cells (including stem cells), proteins, peptides, nucleic acids (e.g., DNA, RNA, siRNA),
nucleic acid analogs, nucleotides, oligonucleotides, peptide nucleic acids (PNA), aptamers,
antibodies or fragments or portions thereot (e.g., paratopes or complementarity-determining
regions), antigens or epitopes, hormones, hormone antagonists, growth factors or
recombinant growth factors and fragments and variants thereof, cell attachment mediators
(such as RGD), cytokines, cytotoxins, enzymes, small molecules, drugs, dyes, amino acids,
vitamins, antioxidants, antibiotics or antimicrobial compounds, anti-inflammation agents,
antifungals, viruses, antivirals, toxins, prodrugs, chemotherapeutic agents, or
combinations thereof. See, e.g., PCT/US09/44117; U.S. Patent Application Ser.

No. 61/224,618). The agent may also be a combination of any of the above-mentioned agents.
Encapsulating either a therapeutic agent or biological material, or the combination of them, 1s
desirous because the encapsulated product can be used for numerous biomedical purposes.

[0052] In some embodiments, the active agent may also be an organism such as a
fungus, plant, animal,bacterium, or a virus (including bacteriophage). Moreover, the active
agent may include neurotransmitters, hormones, intracellular signal transduction agents,
pharmaceutically active agents, toxic agents, agricultural chemicals, chemical toxins,
biological toxins, microbes, and animal cells such as neurons, liver cells, and immune system
cells. The active agents may also include therapeutic compounds, such as pharmacological
materials, vitamins, sedatives, hypnotics, prostaglandins and radiopharmaceuticals.

[0053] Exemplary cells suitable for use herein may include, but are not limited to,
progenitor cells or stem cells, smooth muscle cells, skeletal muscle cells, cardiac muscle
cells, epithelial cells, endothelial cells, urothelial cells, fibroblasts, myoblasts, oscular cells,
chondrocytes, chondroblasts, osteoblasts, osteoclasts, keratinocytes, kidney tubular cells,

kidney basement membrane cells, integumentary cells, bone marrow cells, hepatocytes, bile
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duct cells, pancreatic 1slet cells, thyroid, parathyroid, adrenal, hypothalamic, pituitary,
ovarian, testicular, salivary gland cells, adipocytes, and precursor cells. The active agents can
also be the combinations of any of the cells listed above. See also WO 2008/1064835;
PCT/US2009/059547; WO 2007/103442.

[0054] Exemplary antibodies that may be incorporated 1n silk fibroin include, but are
not limited to, abciximab, adalimumab, alemtuzumab, basiliximab, bevacizumab, cetuximab,
certolizumab pegol, daclizumab, eculizumab, efalizumab, gemtuzumab, ibritumomab
tiuxetan, infliximab, muromonab-CD3, natalizumab, ofatumumab omalizumab, palivizumab,
panitumumab, ranibizumab, rituximab, tositumomab, trastuzumab, altumomab pentetate,
arcitumomab, atlizumab, bectumomab, belimumab, besilesomab, biciromab, canakinumab,
capromab pendetide, catumaxomab, denosumab, edrecolomab, efungumab, ertumaxomab,
etaracizumab, fanolesomab, fontolizumab, gemtuzumab ozogamicin, golimumab, 1govomab,
imciromab, labetuzumab, mepolizumab, motavizumab, nimotuzumab, nofetumomab
merpentan, oregovomab, pemtumomab, pertuzumab, rovelizumab, ruplizumab, sulesomab,
tacatuzumab tetraxetan, tefibazumab, tocilizumab, ustekinumab, visilizumab, votumumab.,
zalutumumab, and zanolimumab. The active agents can also be the combinations of any of
the antibodies listed above.

[0055] Exemplary antibiotic agents include, but are not limited to, actinomycin;
aminoglycosides (e.g., neomycin, gentamicin, tobramycin); B-lactamase inhibitors (e.g.,
clavulanic acid, sulbactam); glycopeptides (e.g., vancomycin, teicoplanin, polymixin);
ansamycins; bacitracin; carbacephem; carbapenems; cephalosporins (e.g., cefazolin, cefaclor,
cefditoren, ceftobiprole, cefuroxime, cefotaxime, cefipeme, cefadroxil, cefoxitin, cefprozil,
cefdinir); gramicidin; isoniazid; linezolid; macrolides (e.g., erythromycin, clarithromycin,
azithromycin); mupirocin; penicillins (e.g., amoxicillin, ampicillin, cloxacillin, dicloxacillin,
flucloxacillin, oxacillin, piperacillin); oxolinic acid; polypeptides (e.g., bacitracin, polymyxin
B); quinolones (e.g., ciprofloxacin, nalidixic acid, enoxacin, gatifloxacin, levaquin, ofloxacin,
etc.); sulfonamides (e.g., sultasalazine, trimethoprim, trimethoprim-sulfamethoxazole (co-
trimoxazole), sultadiazine); tetracyclines (e.g., doxycyline, minocycline, tetracycline, etc.);
monobactams such as aztreonam; chloramphenicol; lincomycin; clindamycin; ethambutol;
mupirocin; metronidazole; pefloxacin; pyrazinamide; thiamphenicol; rifampicin;
thiamphenicl; dapsone; clofazimine; quinupristin; metronidazole; linezolid; 1soniazid; piracil;
novobiocin; trimethoprim; fosfomycin; fusidic acid; or other topical antibiotics. Optionally,

the antibiotic agents may also be antimicrobial peptides such as defensins, magainin and
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nisin; or lytic bacteriophage. The antibiotic agents can also be the combinations of any of the
agents listed above. See also PCT/US2010/026190.

[0056] Exemplary enzymes suitable for use herein include, but are not limited to,
peroxidase, lipase, amylose, organophosphate dehydrogenase, ligases, restriction
endonucleases, ribonucleases, DNA polymerases, glucose oxidase, laccase, and the like.
Interactions between components may also be used to functionalize silk fibroin through, for
example, specific interaction between avidin and biotin. The active agents can also be the
combinations of any of the enzymes listed above. See U.S. Patent Application
Ser. No. 61/226,3801.

[0057] When introducing therapeutic agents or biological materials into silk films,
other materials known 1n the art may also be added with the active agent. For instance, it
may be desirable to add materials to promote the growth of the agent (for biological
materials), promote the functionality of the agent after it 1s released from the silk film, or
increase the agent’s ability to survive or retain its efficacy during the period it 1s embedded in
the silk. Materials known to promote cell growth include cell growth media, such as
Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine serum (FBS), non-essential
amino acids and antibiotics, and growth and morphogenic factors such as fibroblast growth
factor (FGF), transtorming growth factors (TGFs), vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), insulin-like growth factor (IGF-I), bone
morphogenetic growth factors (BMPs), nerve growth factors, and related proteins may be
used. Growth factors are known 1n the art, see, e.g., Rosen & Thies, CELLULAR &
MOLECULAR BASIS BONE FORMATION & REPAIR (R.G. Landes Co., Austin, TX, 1993).
Additional options for delivery via the silk include DNA, siRNA, antisense, plasmids,
liposomes and related systems for delivery of genetic materials; peptides and proteins to
activate cellular signaling cascades; peptides and proteins to promote mineralization or
related events from cells; adhesion peptides and proteins to improve film-tissue interfaces;
antimicrobial peptides; and proteins and related compounds.

[0058] Alternatively, the silk fibroin may be mixed with hydroxyapatite particles, see
PCT/US08/8248°7. As noted herein, the silk fibroin may be of recombinant origin, which
provides for further modification of the silk such as the inclusion of a fusion polypeptide
comprising a fibrous protein domain and a mineralization domain, which are used to form an
organic-inorganic composite. These organic-inorganic composites can be constructed from

the nano- to the macro-scale depending on the size of the fibrous protein fusion domain used,

see WO 2006/076711. See also U.S. Patent Application Ser. No. 12/192,588.
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[0059] Silk fibroin can also be chemically modified with active agents in the solution,
for example through diazonium or carbodiimide coupling reactions, avidin-biodin interaction,
or gene modification and the like, to alter the physical properties and functionalities of the
silk protein. See, e.g., PCT/US09/64673; PCT/US10/41615; PCT/US10/42502; U.S.
Applications Ser. No. 12/192,588.

[0060] The silk optical components comprising active agents or biological materials
may be suitable for long term storage and stabilization of the cells and/or active agents. Cells
and/or active agents, when incorporated 1n the silk reflective components, can be stable (1.e.,
maintaining at least 50% of residual activity) for at least 30 days at room temperature
(1.e., 22°C to 25°C) and body temperature (37°C). Hence, temperature-sensitive active
agents, such as some antibiotics, can be stored 1n silk optical films without refrigeration.
Importantly, temperature-sensitive bioactive agents can be delivered (e.g., through injection)
into the body 1n silk optical components and maintain activity for a longer period of time than
previously imagined. See, e.g., PCT/US2010/026190.

[0061] The silk reflector devices can enhance the reflectivity even when integrated
and operated 1n an urregular scattering and/or absorbing medium, such as a humid or wet
scattering environments. This irregular scattering and/or absorbing medium may include any
possible scattering medium known to one skilled 1n the art that the silk reflector device may
be useful in. For example, the scattering medium may be an ambient environment, humid or
wet environment, water, liquids, suspensions or gels, biological environment such as inside a
biological body where the scattering medium may be a biological tissue or organ. Without
resorting to coherent detection techniques or any contrast agents for enhancement, the
reflectivity of the silk reflective component/device in these media possess enhanced
reflectivity to about 10-300%, for instance, at least about 20%, at least about 40%, at least
about 100%, at least about 150%, at least about 200%, or at least about 250%. The
reflectivity of the silk retlective component/device in these media can therefore still be
detected, with enhanced sensitivity, when the thickness of the scattering medium that blocks
the detection source from the silk reflector 1s 1in the order of ~0.1 mm, ~1 mm, ~1 cm,
and ~10 cm.

[0062] In one embodiment, the silk implantable reflector based on the silk-
microprism array was used to enhance the intrinsic sensitivity to optically thick tissues
without resorting to coherent detection techniques or any contrast agents for enhancement.
Optically thick tissues, or deep tissues, can refer to those tissues that extend over distances

much greater than the typical photon mean free path - which 1s longest in the red/near-

14



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

infrared spectral region where 1t assumes values in the order of 0.1 mm for most soft tissues.
For example, the optically thick tissues can be deeper than 200 um. Having a reflecting
element embedded within biological tissue would allow for the collection and redirection of
forward scattered photons which are generally lost in widely used non-invasive imaging
techniques. Matcher et al., 1997; Zonios & Dimou, 2009. Additionally, implantation of
microprisms has attracted attention to increase contrast ratios 1n multiphoton microscopy by
tailored redirection of light and rotation of the imaged layer planes. Chia & Levene, 102 ]
Neurophysiol. 1310 (2009).

[0063] The silk reflectors can also be used in an optical diagnostic situation involving
light scattering, where specific spectral information from the volume under test 1s obtained
and associated with physiological markers of interest. For example, silk reflectors can be
used with different spectrally responsive elements, e.g., different spectral filters, for desired
optical responses.

[0064] The silk reflective films provide a resorbable photonic component that adds
optical functionality to living tissue without need for retrieval. The silk photonic devices can
be designed 1n both micro- and nano-photonics to enter the human body and can be
seamlessly, or relatively easily, incorporated as part of medical diagnostic systems. The
approach also enables additional functionalities, such as deep tissue light delivery or relay of
optical information either by enhancement of endogenous optical responses, increasing image
contrast, or by offering ad-hoc spectral filtering.

[0065] Additionally, the material properties of silk allow for the coexistence of
optical function and biological storage (Lu et al., 2010; Szybala et al., 219 Exp. Neurol. 126
(2009); Witz et al., 29 Biomaterials 3609 (2008)), leading to multifunctional photonic
systems where functionalities, such as drug/therapeutic delivery, can also be incorporated
into the optical implant. The lack of need to retrieve the photonic devices extends the utility
of this material platform beyond medical applications into environmental monitoring or food
chain safety where such devices can be used without negative impact on the environment
or the consumer.

[0066] It can also be desirable to design a bio-integrated device, such as an
implantable medical device, which has a large fraction of the device flexible to easily
conform to the surface of a subject to be contacted with the implantable medical device. For
example, the device may be fabricated from an ultrathin and flexible silk reflective film.
Such implantable devices can hence form conformal contact with the curvilinear surtaces of

various organs or tissues. Conformal contact of the bio-integrated device comprising the silk
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reflective component with a subject may be realized by contacting the device with aqueous
solution, or a wet surface of the subject. In this regard, the silk film 1s at least partially
dissolvable upon contact with the aqueous solution or the wet surface, so as to enable the
conformal contact of the implantable device with the surface of the subject to be contacted
with the implantable medical device. Each layer of silk film herein 1s typically no more than
100 um, up to 75 um, up to 25um, up to 7 um, up to 2.5um, or up to 1 um, to enable the fast
dissolution upon contact with the aqueous solution or wet surface.

[0067] In some embodiments, the design of the bio-integrated device comprising the
silk reflective film has a large fraction of the device soluble and/or biodegradable. Hence, the
device will disappear or resorb, over time, rendering the devices biocompatible.

[0068] The dissolution time of the silk reflective components/device can also be
tuned from days to months by controlling the degree of crystallinity during the fibroin protein
self-assembly process. Jin et al., 15 Adv. Funct. Mater. 1241 (2005); Lu et al., 6 Acta
Biomater. 1380 (2010). This can be accomplished by regulating the water content within the
silk film through an annealing step to stabilize the device for prolonged operation in wet
environments such as those encountered 1n the in vifro and/or in vivo studies.

[0069] The silk reflective film can be used in varieties of other applications. In one
embodiment, the silk reflective films may be affixed to pharmaceuticals, food products or any
editable novelty, or any packages, including holographic label. Similarly, the label 1tself
may contain an active agent such as a pharmaceutical (e.g., an antibiotic). See, e.g.,

WO 09/155397.

[0070] In another embodiment, the silk retlective films can be fabricated into sensors
and detectors, dielectric mirrors or coatings, imaging devices, or drug/therapeutic delivery
device. For example, the silk reflective component embedded active agents (e.g., therapeutic
agents) or biological materials are suitable for a biodelivery device. Techniques for using
silk fibroin as a biodelivery device may be found, for example, in U.S. Patent Applications
Ser. No. 10/541,182; No. 11/628,930; No. 11/664,234; No. 11/407,373; PCT/US07/020789;
PCT/US08/55072; PCT/US09/4411°7. Some embodiments of the present invention relate to

the utility of silk-fibroin embedded therapeutic agents or biological materials as drug delivery
systems for potential utility in medical implants, tissue repairs and for medical
imaging devices.

[0071] The silk reflective film as a biodelivery vehicle may present a controlled-
release of active agent. Controlled-release permits dosages to be administered over time,

with controlled release kinetics. In some instances, delivery of the therapeutic agent or
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biological material 1s continuous to the site where treatment 1s needed, for example, over
several weeks. Controlled-release over time, for example, over several days or weeks, or
longer, permits continuous delivery of the therapeutic agent or biological material to obtain
preferred treatments. The controlled delivery vehicle 1s advantageous because it protects the
therapeutic agent or biological material from degradation in vivo 1n body fluids and tissue, for
example, by proteases. See, e.g., PCT/US09/44117.

[0072] Controlled release of the bioactive agent from the silk reflective film may be
designed to occur over time, for example, for greater than about 12 hours or 24 hours,
inclusive; greater than 1 month or 2 months or 5 months, inclusive. The time of release may
be selected, for example, to occur over a time period of about 12 hours to 24 hours, or about
12 hours to 1 week, inclusive. In another embodiment, release may occur for example on the
order of about 1 month to 2 months, inclusive. The controlled-release time may be selected
based on the condition treated. For example, a particular release profile may be more
effective where consistent release and high local dosage are desired.

[0073] The silk reflective film may be combined with other silk-based drug-
delivery constructs, including microspheres, pads, porous structures, or films. See, e.g.,
PCT/US09/44117.

[0074] The silk reflective components can also used 1n tissue engineering. For
example, silk reflective film can be affixed to engineered tissue. Such techniques would
further confer functionality to the engineered tissues, such as monitoring the implantation or
any activities of the engineered tissues in vivo.

[0075] Embodiments of the invention also relate to compositions and processes for
preparing silk reflectors comprising a multiple layers of silk films, each silk layer having the
same or different reflective elements formed thereon.

[0076] In one embodiment, one or more silk layers have a different index of
refraction than the others.

[0077] In one embodiment, one or more silk layers have a different thickness than
the others.

[0078] The reflectivity of silk reflector may be modulated by modifying the thickness
of the silk film, the index of refraction of the silk film, the embedding of active agent in the
silk film, surface modification of the silk film by functional groups or chemical

functionalization or generic modification of silk fibroin, conformation change or dissolution

of silk fi1lm, and the like.
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[0079] The reflectivity of silk reflector may also be modulated by number of layers
of silk reflective film, the thickness of each silk film, the index of refraction of each layer of
the multi-layer silk film, embedding of different active agents in each layer of the multi-layer
silk film, surface modification of the silk film by different functional groups or different
modification strategies for chemical functionalization or generic modification of each layer of
the multi-layer silk fibroin, conformation change or progressive dissolution of multi-layer
silk film.

[0080] The invention will be further characterized by the following examples which
are 1intended to be exemplary of the embodiments.

[0081] The present invention can be defined 1n any of the following numbered
paragraphs:

[0082] A process for fabricating a silk reflector, comprising:

replicating from a master pattern having a reflective element or an array of reflective
elements onto a surface of a silk film, wherein the reflective element comprises a microprism.

[0083] The process of paragraph 82, further comprising:

dispersing reflective particles in the silk film.

[0084]  The process of paragraph 83, wherein the reflective particles are metal
nanoparticles selected from the group of Au, Ag, and combinations thereof.

[0085] The process as in any one of paragraphs 82-84, further comprising:

stacking multiple layers of silk films having the retlective elements formed thereon.

[0086] The process of paragraph 85, wherein at least one silk layer has a different
index of refraction from the others.

[0087]  The process as in any one of paragraphs 85-86, wherein at least one silk layer
has a different thickness from the others.

[0088] The process as in any one of paragraphs 82-87, further comprising:

adding at least one active agent to the silk film.

[0089] The process as in any one of paragraphs 82-87, further comprising:

functionalizing the silk film with an active group.

[0090]  The process of paragraph 88 or 89, wherein the reflectivity of the silk reflector
1s modulated by the addition of the active agent to the silk film or functionalization of the silk
film with the active group.

[0091] The process as in any one of paragraphs 82-90, further comprising:

wetting or dissolving at least part of the silk reflector to contform the silk retlector to

the surface of a subject upon contact.
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[0092]  The process of paragraph 91, wherein the reflectivity of the silk reflector 1s
modulated by partially dissolving the silk reflector.

[0093] A silk reflector comprising at least one layer of silk film, wherein a reflective
element or an array of reflective elements 1s formed onto the surface of the silk film layer,
and wherein the reflective element comprises a microprism.

[0094]  The silk reflector of paragraph 93, further comprising reflective particles
dispersed in the silk film.

[0095]  The silk reflector of paragraph 94, wherein the reflective particles are metal
nanoparticles selected from the group of Au, Ag, and combinations thereof.

[0096] The silk reflector as in any one of paragraphs 93-95, wherein the silk reflector
comprises multiple layers of silk film, each silk film layer comprising the reflective element
or an array of the retlective elements formed thereon.

[0097]  The silk reflector of paragraph 96, wherein at least one layer has a different
index of refraction from the others.

[0098]  The silk reflector as in any one of paragraphs 96-97, wherein at least one layer
has a different thickness from the others.

[0099]  The silk reflector as in any one of paragraphs 93-98, further comprising at
least one active agent in the silk film.

[0100] The silk reflector as in any one of paragraphs 93-98, wherein the silk film is
functionalized with an active group.

[0101] The silk reflector as in any one of paragraphs 99-100, wherein the reflectivity
of the silk reflector 1s modulated by addition of the active agent to the silk film or
functionalization of the silk film with the active group.

[0102] The silk reflector as in any one of paragraphs 99-100, wherein the reflectivity
of the silk reflector 1s modulated by releasing the active agent from the silk film or de-
functionalization of the silk film.

[0103] The silk reflector as in any one of paragraphs 93-102, wherein the silk
reflector 1s retroreflective.

[0104] The silk reflector as in any one of paragraphs 93-103, wherein the silk
reflector has enhanced reflectivity when i1lluminated with a broadband light.

[0105] The silk reflector as in any one of paragraphs 93-103, wherein the silk

reflector has enhanced reflectivity at specific wavelengths.
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[0106] The silk reflector as in any one of paragraphs 93-105, wherein the intensity of
reflectivity of the silk reflector has been enhanced about at least 40 % when placed in an
irregular scattering medium.

[0107] The silk reflector as 1n any one of paragraphs 93-1035, wherein the intensity of
reflectivity of the silk reflector has been enhanced about at least 300 % when placed 1n an
irregular scattering medium.

[0108] The silk reflector as in any one of paragraphs 106-107, wherein the scattering
medium 18 ambient environment, water, liquids, suspensions, or gels, and wherein the
thickness of the scattering medium blocking the silk reflector from the detection source 1s
about 0-10cm.

[0109] The silk reflector as 1in any one of paragraphs 106-107, wherein the scattering
medium 1s a tissue or organ, and wherein the thickness of the scattering medium blocking the
silk reflector from the detection source 1s about O-2mm.

[0110] An implantable silk reflector having optical utility for in vivo operation,
comprising:

at least one layer of silk film having a reflective element or an array of reflective
elements formed onto the surface of the silk layer,

wherein the retlective element comprises a microprism, and

wherein the silk reflector 1s biocompatible and bioresorbable.

[0111] The implantable silk reflector as in any one of paragraphs 110, further
comprising at least one active agent in the silk film.

[0112] The implantable silk reflector as in any one of paragraphs 110, wherein the
silk film 1s functionalized with an active group.

[0113] The implantable silk reflector as in any one of paragraphs 110-112, wherein
the retlectivity of the implantable silk retlector 1s modulated by addition of the active agent to
the silk film or functionalization of the silk film with the active group.

[0114] The implantable silk reflector as in any one of paragraphs 110-112, wherein
the reflectivity of the implantable silk retlector 1s modulated by releasing the active agent
from the silk film or de-functionalization of the silk film.

[0115] The implantable silk reflector as in any one of paragraphs 110-114 wherein the
reflectivity of the implantable silk reflector 1s modulated by partially dissolving the

implantable silk reflector.
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[0116] The implantable silk reflector as in any one of paragraphs 110-114, wherein
the implantable silk reflector has enhanced retlectivity when illuminated with a broadband
light.

[0117] The implantable silk reflector as in any one of paragraphs 110-1135, wherein
the implantable silk reflector has enhanced reflectivity at specific wavelengths.

[0118] The implantable silk reflector as in any one of paragraphs 110-117, wherein
the intensity of reflectivity of the implantable silk reflector has been enhanced about at least
40 % when placed 1n an tissue or organ, wherein the thickness of the tissue or organ blocking
the implantable silk reflector from the detection source 1s about 0-2mm.

[0119] The implantable silk reflector as in any one of paragraphs 110-117, wherein
the intensity of reflectivity of the implantable silk reflector has been enhanced about at least
300 % when placed 1n an tissue or organ, wherein the thickness of the tissue or organ

blocking the implantable silk reflector from the detection source 1s about 0-2mm.

[0120] A dielectric mirror comprising the silk reflector as in any one of paragraphs
96-119.

[0121] An optical label comprising the silk reflector as in any one of paragraphs 93-
119.

[0122] A biosensing device comprising the silk reflector as in any one of paragraphs
93-119.

[0123] An implantable device comprising the silk reflector as in any one of

paragraphs 93-119.

[0124] An 1maging device comprising the silk reflector as in any one of paragraphs
93-119.
[0125] A drug delivery device comprising the silk reflector as in any one of

paragraphs 93-119.

[0126] The present invention 1s not limited to the particular methodology, protocols,
and reagents, etc., described herein and as such may vary. The terminology used herein 1s for
the purpose of describing particular embodiments only, and 1s not intended to limit the scope
of the present invention, which 1s defined solely by the claims.

[0127] As used herein and 1n the claims, the singular forms include the plural
reference and vice versa unless the context clearly indicates otherwise. Other than in the
operating examples, or where otherwise indicated, all numbers expressing quantities of
ingredients or reaction conditions used herein should be understood as modified in all

instances by the term “about.”
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[0128] All patents and other publications 1dentified are expressly incorporated herein
by reference for the purpose of describing and disclosing, for example, the methodologies
described 1n such publications that might be used in connection with the present invention.
These publications are provided solely for their disclosure prior to the filing date of the
present application. Nothing 1n this regard should be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention or for any
other reason. All statements as to the date or representation as to the contents of these
documents 1s based on the information available to the applicants and does not constitute any
admission as to the correctness of the dates or contents of these documents.

[0129] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as those commonly understood to one of ordinary skill in the art to which
this invention pertains. Although any known methods, devices, and materials may be used 1n
the practice or testing of the invention, the methods, devices, and materials in this regard are
described herein.

[0130] The following examples 1llustrate some embodiments and aspects of the
invention. It will be apparent to those skilled 1in the relevant art that various modifications,
additions, substitutions, and the like can be performed without altering the spirit or scope of
the invention, and such modifications and variations are encompassed within the scope of the
invention as defined in the claims which follow. The following examples do not in any way

limit the 1nvention.

EXAMPLES

Example 1. Preparation of silk fibroin solution.

[0131] Production of silk fibroin solutions has been described previously. Perry et
al., 2008; McCarthy et al., 54 J. Biomed. Mats. Res. 139 (2001). Briefly, sericin, a water-
soluble glycoprotein bound to raw fibroin filaments, was removed from the silk strands by
boiling B. mori cocoons 1in a 0.02 M aqueous solution of NaCOs; for 60 min. Thereafter, the
remaining silk fibroin bundle was rinsed thoroughly in purified water and allowed to dry
overnight. The dry fibroin bundle was then dissolved in a 9.3 M aqueous solution of LiBr
at 60 °C for 4 hr. The LiBr salt was then extracted from the solution over the course of three
days, through a water-based dialysis process using Slide-A-Lyzer® 3.5K MWCO dialysis
cassettes (Pierce, Rocktford, IL). Any remaining particulates were removed through

centrifugation and syringe-based micro-filtration (5 um pore size, Millipore Inc., Bedford,
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MA). This process can yield 8 %-10 % (w/v) silk fibroin solution with minimal contaminants
and reduced scattering for optical applications.

[0132] The silk fibroin solution may be concentrated, for example, to about 30 %
(w/v), if desired. See, e.g., WO 2005/012606. Briefly, the silk fibroin solution with a lower
concentration may be dialyzed against a hygroscopic polymer, such as PEG, amylose or
sericin, for a time period sufficient to result in a desired concentration.

[0133] Additionally, silk fibroin solution can be combined with one or more
biocompatible polymers such as polyethylene oxide, polyethylene glycol, collagen,
fibronectin, keratin, polyaspartic acid, polylysin, alginate, chitosan, chitin, hyaluronic acid,
and the like; or one or more active agents, such as cells, enzymes, proteins, nucleic acids,
antibodies and the like, as described herein. See, e.g., WO 04/062697 and WO 05/012606.
Silk fibroin can also be chemically modified with active agents in the solution, for example
through diazonium or carbodiimide coupling reactions, avidin-biodin interaction, or gene
modification and the like, to alter the physical properties and functionalities of the silk
protein. See, e.g., PCT/US09/64673; PCT/US10/41615; PCT/US10/42502; U.S. Applications
Ser. No. 12/192.588.

Example 2. Fabrication of silk reflector films.

[0134] The fabrication of the silk reflector films was obtained by using a casting
technique similar to soft-lithography. Perry et al., 2008; Xia & Whitesides, 1998. Briefly,
silk fibroin solution of excellent optical quality and stability was cast onto a microprism
master mould (3MTM SCOTCHLITE ¥ Reflective Material — High Gloss Film, 3M, St. Paul,
MN). The master consists of an array of microprisms, which have dimensions of about 100
micrometers and clustered in groups as shown in Figure 1 and Figure 2.

[0135] The silk solution was allowed to dry and crystallize for 8-12 hours, upon
which it was mechanically detached from the master surface. Upon microscopic examination,
the silk retroreflective films replicate the master and have a reflective appearance similar to
the master mould, as shown 1n Figure 5. The index of refraction of silk 1s n = 1.54. The silk
films were water annealed to guarantee reduced solubility in a humid environment without
loss of function.

[0136] Additionally, the silk film may be activated, for example, by polyethylene
glycol (see, e.g., PCT/US09/64673) and/or loaded with an active agent and cultured with
organisms, 1n uniform or gradient fashion. See, e.g., WO 2004/0000915; WO 2005/123114;
U.S. Patent Application Pub. No. 2007/0212730. Other additives, such as polyethylene
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glycol, PEO, or glycerol, may also be loaded 1n the silk film to alter features of the silk film,
such as morphology, stability, flexibility, and the like. See, e.g., PCT/US09/060133.

Example 3. Reflection measurements

[0137] The retroreflecting silk film were characterized by measuring the luminous
intensity and retroreflector coetficients per illuminance level on the surface of the
retroreflector (in candelas/Ix and candelas/(Ix/m”), respectively).

[0138] The performance of the replicated silk films as reflectors was quantified by
exposing the system to a quasi-isotropic 1llumination provided by a white light source (e.g., a
flash light bulb). The reflection from the silk films was collected at a distance of 1.5 meters
with a digital CCD camera, as shown in Figure 3 and Figure 7.

[0139] The experimental setup for measuring the increase 1n reflected signal 1s
illustrated 1in Figure 4 and Figure 7. For example, in Figure 7, the reflectivity measurements
were performed by using a white light source. A red filter was applied to the white light
source to reduce the spectral range, thus avoiding CCD saturation. The reflectivity was
characterized for both the silk film replica and the master. In both cases, the images were
analyzed by acquiring the average of multiple lineouts of the intensity values collected by the
CCD chip at the image plane. The values collected 1n reflection from the master and the silk
replicas were found to be in agreement, with a reflection coetficient (defined as the ratio of
the coefficient of luminous intensity of a plane retroretlecting surtace to its area expressed 1n
candelas per square meter) 1n excess of 300 (e.g., between 300 and 400). See, e.g., Figure 5.
Hence such silk retroreflective films can be used for broad angle reflection 1n, e.g., safety
clothing and garments.

[0140] The annealing process (1.e., to make silk films insoluble in water) may cause
some loss of flatness 1n the surface of silk films, thereby causing some variation in the
surface reflectivity. This loss of flatness may be ameliorated by making the silk film thicker,

e.g., above 20um.

Example 4. Animal experiments

[0141] Female Balb/c mice (6-8 weeks old) were anesthetized with an intraperitoneal
injection of a ketamine/xylazine mix. Depth of anesthesia was monitored by palpebral and
withdrawal reflexes to confirm that the animal had reached “‘stage 3" of anesthesia. Once the
animal was lightly anesthetized, the back was shaved and cleaned at the incision site

with 70 % ethanol, followed by a betadine surgical scrub. Once stage 3 was confirmed, a
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small longitudinal incision was made through the skin and the sterile implants (ethylene
oxide sterilized) were 1nserted. The 1ncision was closed with a Dexon 5-0 suture. The animal
was monitored until ambulatory and given a dose of analgesia (e.g., Buprenorphine

subcutaneously) once surgery was completed.

Example 5. Performance of silk reflectors

[0142] The performance of the silk microprism reflectors were evaluated, as shown in
Figure 3, indicating orders of magnitude increase in the reflected signal compared to the
background signal. The silk reflectors were also characterized by comparing their optical
performance to that of the master pattern. The device was evaluated by monitoring the diffuse
reflected light under 1sotropic illumination. In general, the silk reflector replicated the master
pattern faithfully and its optical performance matched that of the master pattern, providing
orders of magnitude of measured increase 1n the diffuse reflection when compared to the
background (Figure 3 and Figure 5).

[0143] The performance of silk reflectors under humid or wet scattering environments
were assessed by placing the silk reflector films under a 4 cm thick block of gelatin or
submerged 1n a talcum powder and water suspension at a depth of 6.5 cm. Such conditions
were used to mimic an uregular scattering medium. In both cases, the presence of the silk
reflector resulted 1n a significant enhancement of signal at the detector plane, and an
increased the backscattered signal intensity by several orders of magnitude, allowing an easy
imaging, or relatively easy imaging, by using the silk reflectors in the media. See also
Figures 4 to 7.

[0144] The silk reflectors can also be used 1n an optical diagnostic situation involving
light scattering, where specific spectral information from the volume under test 1s obtained
and associated with physiological markers of interest. For example, silk reflectors can be
used with different spectrally responsive elements, e.g., different spectral filters, for desired
optical responses.

[0145] Two spectrally responsive elements embedded 1n biological tissue were used
and an in vitro experiment was performed to assess the variation in the optical response when
the silk reflector device was present. As shown in Figures 7 to 9, the silk retlector was placed
underneath two types of spectral filters: a 10 nm bandpass multilayer filter (with central
wavelength Ao = 630 nm) and a layer of cellulose embedded with red pigment. These were
chosen to provide known broadband and narrowband spectral responses to embed in tissue

constructs to test the efficacy of the device. The retlector/spectral element was then covered
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either by single or multiple layers of 800-micrometer thick porcine fat or muscle tissue
(Figure 9). The resulting structure was then probed by 1llumination with incoherent white
light delivered through a multimode fiber. The latter 1s part of a fiber-backscattering probe
which acts as the collector for the diffuse retroreflected scattering signal and redirects it to a
Spectrometer.

[0146] Backscattering measurements (Figure 9B) 1in the presence of one layer of
adipose tissue revealed a broadband absorption attributed to the pigmented layer inserted
underneath the tissue. The signal intensity decreased upon addition of a second layer,
maintaining its overall spectral response at the expense of signal dynamic range. Insertion of
the silk reflector underneath the structure in this case caused a significant increase in the
backscattered signal collected and in the signal dynamic range, which 1s more representative
of the true spectral response of the pigmented layer (Figure 7). A similar increase
(Figure 9C) 1n detected signal and dynamic range with respect to the reflectorless case was
encountered using muscle tissue where the filter broadband absorption again was revealed
along with the spectral features of myocytes and a principal spectral peak at 620 nm. The
same experiment was repeated by inserting in the tissue construct the narrowband (=10nm)
bandpass filter and, similarly, detecting an increase in the detected response over the
bandwidth of the device (see also Figures 8 and 10). These results indicated the efficacy of
operation of the silk reflector device 1n an in vifro environment with a tissue thickness
~1 mm.

[0147] The silk retlectors can be used in vivo as an implantable device. In one
embodiment, in vivo studies were conducted by implanting the silk reflector structures in
Balb/c mice. The experiments were pursued 1n accordance with institutional IACUC-
approved protocols. A ~1 cm X 1 cm silk microprism reflector film having a thickness of
approximately 100 um was sterilized by ethylene oxide and then inserted subcutaneously
through an incision on the back of the mouse. After suturing the wound site, the scattered
signal was measured 1n the same fashion as described above. Figure 11 illustrates the
insertion of the device, and a corresponding set of measurements of the backscattered
radiation. As shown in Figure 11, comparison between the backscattered illumination through
the mouse skin collected by the fiber probe at the implant site with control sites revealed a
consistent improvement in collected signal of ~ 40% when compared to an adjacent,
implantless site on the mouse. To interpret the experimental results, Monte Carlo model was

used to solve the radiative transfer equation, an integro-differential equation widely used for
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describing light propagation in random media such as biological tissues. Ishimaru, WAVE
PROPAGATION & SCATTERING IN RANDOM MEDIA, (Wiley-IEEE Press, 1997).

[0148] The above approach was used to calculate the backscattered signal intensity in
the presence of the silk reflector. In the simulation, the silk reflective device was assumed to
provide 100% reflectivity and to be located at a depth of 1.5 mm under the skin’s surface.
The simulations were evaluated two different values of the scattering coetficient (u =10,

15 mm’l) and five different values of the absorption coetficient (i1, = 0.003, 0.02, 0.015, 0.02,
0.03 mm™), typical of skin and muscle tissues in the NIR wavelength range (650-850 nm).
The simulations showed a predicted increase in reflected signal which 1s in excellent
agreement with what 1s observed experimentally both for the in vitro and in vivo cases. The
details of MC simulations are described in Example 3.

[0149] The silk reflector devices were also monitored for adverse reactions and
resorbability. No visible inflammation was found over 4 weeks and this was confirmed by
histopathological sections of the implanted silk reflective film and the underlying tissue.
The silk retlector was observed to alter in size over four weeks and 1nitial stages of re-
incorporation of the silk reflector into the tissue matrix was also observed over this time
frame, such as revascularization on the surface of the silk film, were observable upon
examination of the excised tissue. See, e.g., Figure 13. The profile of the silk microprism
arrays may be 1dentified 1n the histological sections. See, e.g., Figure 14. Implantation of
degradable photonics can be achieved through the use of materials (such as silks) that cause
no detrimental biological effects, and also retain desired functions for an extended period of
time as they are reabsorbed. Additionally, silk devices were also demonstrated to present

controlled degradation in vivo in support of these observations. Wang et al., 29 Biomats. 3415

(2008).

Example 6. Theoretic Modeling

(a) The Radiative Transfer Equation
[0150] The Radiative Transfer Equation (RTE) 1s written as:

1af(f’§’t)+§'6’1(f:§:r)+ utf(i::g:t)=”'3 fp §,§')I(}',§‘=t)d§2'+S(f,§,t)
4

% ot (1)

The RTE 1s an integro-differential equation that 1s widely used for describing light

propagation 1n random media (such as biological tissues). Ishimaru, 1997. It 1s derived from

general principles of energy balance at a microscopic level.
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[0151] In Eq.(1), { ('fj,t) 1s the specific intensity (or Irradiance), which 1s the number
of photons per unit area, unit time and unit solid angle, found at time ¢ in the position t along
the direction §; v is the speed of light in the medium; u, and u are the scattering and total

extinction coetficient, respectively, where u, = us + u,, and u, 1s the absorption coetficient;

P 5:5') 18 the phase function, which represents the probability density per unit solid angle that

a photon traveling along 3" is scattered along § ; the phase function is assumed to depend only

on the product 5" § (scattering angle 0); and S(f,é,t) 18 a source term, which 1s the number of
photons per unit time, unit volume and unit solid angle, generated at time ¢ in the point t
along the direction 8.

[0152] In Eq.(1), it 1s assumed that only photons in a narrow frequency band are
traveling in the medium (i.e. scattering must be elastic). Eq.(1) 1s written 1n scalar form
herein, although it can also be written 1n vectorial form to describe propagation of polarized
or partially polarized light, in which case the specific intensity must be replaced by a vector
which components are the Stokes parameters. Ishimaru, 1997,

(b) The Monte Carlo Method

[0153] To better describe the experimental results, a Monte Carlo (MC) code was
used to solving the RTE. Monte Carlo 1s a stochastic method which solves Eq.(1) by direct
simulation of the actual propagation of photons in random media according to
well-established statistical laws. Zaccanti et al., 3 Pure Appl. Opt., 897-905 (1994). The core
of MC code 1s a subroutine for the extraction of random numbers uniformly distributed in the
interval (0, 1). By using a triplet of random numbers (w;, w», ws), the location of a scattering
event can be updated 1n the 3D space, once the coordinates of the previous scattering event
are known. It 1s assumed that the trajectory between the two consecutive scattering events 1s a
segment of straight line. A random number w; can be arbitrarily chosen to define the
pathlength L between the scattering events and w,, ws can be used to define the azimuthal
and the scattering angle @ and 0, respectively. The pathlength L and the direction of the free
flight between two consecutive scattering events were defined by the equations:
fo=—- i miwy d §= 2w wes2R f of 8 Jsinf 8 8 {2

[0154]  The last equality of Eq.(2) (where 6’ = g §) can be inverted (in order to find
0(w3)) by resorting to numerical methods. Starting from the coordinates of the point where
the photons are injected 1into the medium, the coordinates of each scattering event while the

photon 1s moving in the medium can be calculated. This procedure was repeated until the
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photon’s trajectory either intersects a specified area at the boundary of the medium where one
or more detectors are located (useful or detected photon) or escapes from the medium (lost
photon). Whenever the photon’s trajectory intersects the boundary of the medium, reflections
can also be taken into account due to the refractive index mismatch between diffusing and
surrounding medium. This was done by comparison of a newly extracted random number
(w4) with the reflection coefficient of unpolarized radiation (r,) (Born & Wolf, PRINCIPLES OF

OPTICS (Pergamon Press, 1987)):

1 tg‘{g _&}[ J’
2 iterB 48 )

h

e
O=a
.-'c—!\._’_”,

v
|
o
| S
i

L N
N l. 0 o
4 g [ N
'
. {

R . 1

A 14 -4 X

S R
N

oind
gyl

r' B N
B R ———
"

\

™y

S EE

-y

v

FI TS ibist 7 S I S I
7 /
A

[0155] In Eq.(3), O and 0; are the transmitted and incident angle, respectively,
calculated with respect to a direction perpendicular to the boundary at the point of
intersection. If ws <1y, the photon 1s retlected and the new direction 1s calculated according
to the formula 0, and 0;, where 0, is the angle of reflection; if w4 > ri, the photon exits the
medium and the trajectory 1s terminated. By using the same method, discontinuities in the
refractive index within the random medium can also be considered. The above described
statistical rule (Eq. 2), so called “White Monte Carlo,” was run for the case of a non-
absorbing medium.

[0156] Afterwards, the effect of the absorption coefficient was considered through the
microscopic Beer-Lambert law: 1f a photon 1s detected after having traveled a total pathlength
[ through a non-absorbing medium, the probability to detect the same photon when the
medium 1s absorbing 1s: exp(-u./). Therefore the effect of absorption was considered through
re-scaling the weights of collected photons according to their pathlengths. For the phase
function, even though many choices are possible, the Henyey-Greenstein phase function 1s
widely adopted in studying the light propagation 1n biological tissues:

* A 8. “_. ": : ,.
P8 s—o (4)
N . St .-:*. ) o L : -

4 [+ g® =2gooesiQ,f

[0157] In Eq.(4), “g” 1s the asymmetry parameter: g = <cos(0)>, which typically has a
value larger than 0.8 (high probability of forward scattering) in biological tissue. The phase
function was normalized to 1" over the entire solid angle (4n steradians). More details on
the Monte Carlo method can be found in references. See, e.g., Wang et al., 47 Computer

Methods & Programs Biomed. 131-46 (1995); Martelli et al., LIGHT PROPAGATION THROUGH
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BIOLOGICAL TISSUE & OTHER DIFFUSIVE MEDIA: THEORY, SOLUTIONS, & SOFTWARE,
(SPIE Press, 2009).
Applying the models to interpret experimental results

[0158] For MC simulations of the mouse experiment, two different values of the
scattering coefficients (i, = 10, 15 mm™) and five different values of the absorption
coefficients (u, = 0.005, 0.02, 0.015, 0.02, 0.03 mm’l), typical of skin and muscle tissues in
the NIR wavelength range (650-850 nm), were used. For the simulation of the adipose tissue
experiment, lower values of the absorption coefficient (u, = 0.002, 0.003, 0.004, 0.005 mm’l)
and scattering coefficient (1, =5 mm™) were chosen. This value of the scattering coefficient is
typical, for instance, of breast tissue, which has a large component of fat.

[0159] In both cases, Henyey-Greenstein phase function with asymmetry parameter
g = (.9 was chosen to describe the single scattering event. The photons were collected on a
FOW of 90° in the same area defined by the input cylindrical beam, as shown in Figure 15.

[0160] The relative increases of the reflected power between two scenarios for were
plotted 1in Figure 16: with (R;) and without (R) silk microarray embedded 1n tissues. As
shown, the plotted parameter did not appear to depend on the absorption coetficient, but
appeared to depend on the scattering coetficient consistently. The error 1n the calculated
values was about 1%-2 %. Because the free mean pathlength between consecutive scattering
events 1s 1/ L, 1t can be assumed that photons reaching the depth of 1.5 mm were already
diffused (on average 10-135 scattering events). Theretfore it did not appear to require
corrections even 1f the incident angle of the input light 1s changed. A more restricted (or
asymmetric) FOV for the collected light may also be used.

[0161] In summary, as shown in Figure 16, the experimental detected reflective
increase (about 40 % increase) by embedding silk microarray in mouse falls within the range
obtained by MC simulation. As for the adipose tissue, the increased values detected 1n the

experiment by embedding silk microarray in the tissue (~230%) are also close to the increase

obtained by MC simulation.
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CLAIMS

What 1s claimed 1s:

1. A process for fabricating a silk reflector, comprising:
replicating from a master pattern having a reflective element or an array of reflective

elements onto a surface of a silk film, wherein the reflective element comprises a microprism.

2. The process of claim 1, further comprising:

dispersing reflective particles in the silk film.

3. The process of claim 2, wherein the reflective particles are metal nanoparticles

selected from the group of Au, Ag and combinations thereof.

4. The process as 1n any one of claims 1-3, further comprising:

stacking multiple layers of silk films having the retlective elements formed thereon.

J. The process of claim 4, wherein at least one silk layer has a different index of

refraction from the others.

0. The process as 1n any one of claims 4-5, wherein at least one silk layer has a different

thickness from the others.

7. The process as in any one of claims 1-6, further comprising:

adding at least one active agent to the silk film.

3. The process as 1n any one of claims 1-6, further comprising:

functionalizing the silk film with an active group.

9. The process of claim 7 or 8, wherein the reflectivity of the silk reflector 1s modulated
by the addition of the active agent to the silk film or functionalization of the silk film with the

active group.

10. The process as 1n any one of claims 1-9, further comprising:
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wetting or dissolving at least part of the silk reflector to conform the silk reflector to

the surface of a subject upon contact.

11. The process of claim 10, wherein the reflectivity of the silk retlector 1s modulated by

partially dissolving the silk reflector.

12. A silk reflector comprising at least one layer of silk film, wherein a reflective element
or an array of reflective elements 1s formed onto the surface of the silk film layer, and

wherein the retlective element comprises a microprism.

13. The silk reflector of claim 12, further comprising reflective particles dispersed in the
silk film.
14. The silk reflector of claim 13, wherein the reflective particles are metal nanoparticles

selected from the group of Au, Ag and combinations thereof.

15. The silk reflector as in any one of claims 12-14, wherein the silk reflector comprises

multiple layers of silk film, each silk film layer comprising the reflective element or an array

of the reflective elements formed thereon.

16. The silk reflector of claim 15, wherein at least one layer has a different index of

refraction from the others.

17. The silk reflector as in any one of claims 15-16, wherein at least one layer has a

different thickness trom the others.

13. The silk reflector as in any one of claims 12-17, further comprising at least one active

agent in the silk film.

19. The silk reflector as in any one of claims 12-17, wherein the silk film 1s functionalized

with an active group.
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20. The silk reflector as in any one of claims 18-19, wherein the retlectivity of the silk
reflector 1s modulated by addition of the active agent to the silk film or functionalization of

the silk film with the active group.

21. The silk reflector as 1n any one of claims 13-19, wherein the reflectivity of the silk

reflector 1s modulated by releasing the active agent from the silk film or de-functionalization

of the silk film.

22. The silk reflector as in any one of claims 12-21, wherein the silk reflector 1s
retroreflective.
23. The silk reflector as in any one of claims 12-22, wherein the silk reflector has

enhanced reflectivity when 1lluminated with a broadband light.

24, The silk reflector as in any one of claims 12-22, wherein the silk reflector has

enhanced reflectivity at specific wavelengths.

23. The silk reflector as in any one of claims 12-24, wherein the intensity of reflectivity of
the silk reflector has been enhanced about at least 40 % when placed 1n an 1rregular scattering

medium.

26. The silk reflector as in any one of claims 12-24, wherein the intensity of reflectivity of
the silk reflector has been enhanced about at least 300 % when placed 1n an 1rregular

scattering medium.

27. The silk reflector as in any one of claims 25-26, wherein the scattering medium 1s
ambient environment, water, liquids, suspensions, or gels, and wherein the thickness of the

scattering medium blocking the silk reflector from the detection source 1s about 0-10cm.

23. The silk reflector as in any one of claims 25-26, wherein the scattering medium 1s a
tissue or organ, and wherein the thickness of the scattering medium blocking the silk reflector

from the detection source 1s about O-2mm.

29. An 1mplantable silk reflector having optical utility for in vivo operation, comprising:
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at least one layer of silk film having a reflective element or an array of reflective elements
formed onto the surface of the silk layer,
wherein the reflective element comprises a microprism, and

wherein the silk reflector 1s biocompatible and bioresorbable.

30. The implantable silk reflector as 1n any one of claims 29, further comprising at least

one active agent in the silk film.

31. The implantable silk reflector as in any one of claims 29, wherein the silk film 1s

functionalized with an active group.

32. The implantable silk reflector as 1in any one of claims 29-31, wherein the reflectivity
of the implantable silk reflector 1s modulated by addition of the active agent to the silk film or

functionalization of the silk film with the active group.

33. The implantable silk reflector as 1n any one of claims 29-31, wherein the reflectivity
of the implantable silk reflector 1s modulated by releasing the active agent from the silk film

or de-functionalization of the silk film.

34.  The implantable silk reflector as in any one of claims 29-33 wherein the reflectivity of
the implantable silk reflector 1s modulated by partially dissolving the implantable silk

retlector.

33. The implantable silk reflector as in any one of claims 29-34, wherein the implantable

silk retlector has enhanced retlectivity when 1lluminated with a broadband light.

36.  The implantable silk reflector as in any one of claims 29-34, wherein the implantable

silk reflector has enhanced reflectivity at specific wavelengths.

37. The implantable silk reflector as 1in any one of claims 29-36, wherein the intensity of
reflectivity of the implantable silk reflector has been enhanced about at least 40 % when
placed 1n an tissue or organ, wherein the thickness of the tissue or organ blocking the

implantable silk reflector from the detection source 1s about 0-2mm.
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38.  The implantable silk reflector as in any one of claims 29-36, wherein the intensity of
reflectivity of the implantable silk reflector has been enhanced about at least 300 % when
placed 1n an tissue or organ, wherein the thickness of the tissue or organ blocking the

implantable silk reflector from the detection source 1s about 0-2mm.

39. A dielectric mirror comprising the silk reflector as in any one of claims 135-38.

40. An optical label comprising the silk retlector as in any one of claims 12-38.

41. A biosensing device comprising the silk reflector as in any one of claims 12-38.
42. An 1mplantable device comprising the silk reflector as in any one of claims 12-38.
43.  Animaging device comprising the silk reflector as in any one of claims 12-38.

44, A drug delivery device comprising the silk reflector as in any one of claims 12-38.

33



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

Radt,
4 44 e

- % + 4 + 4

AL LALALE LS
-
F-l.
b J
o
A

a

*
v
LA J
e
’
LI J
.
LD
:-’
o

1 F
F
F

a

4

“ \ .
- .I.
.: X h R
‘e " h %S AN | L Y : "
+ . L L Y -\
g et R‘\‘ “.‘ I.\\
+ -n " LY L9 Y
+ .. w .\\ L} et
. . e W
Y " q::‘\ et
' .y Ry et
. "‘ .h\. \‘\ L " ‘l l‘ ...l‘
- ‘\‘. S l:.“l\ \‘:‘l‘ .l"l‘
- ] W N LWL LY
' . [ ] LY . L8
. [
. § St e \ "u"u"n
* LR R R . LS
'.- . \‘l‘\ L s L
; .:. e
-
' .l" "‘l‘\
L] L
"o W, l\
X N
.‘::
.
ALY
l‘ "
N
N '
. '.':.
'
. :.‘ l..: " :'
N S
Yol (. .‘I ] lx‘
+ L} ‘%.l.l l_‘ .
, R
.- w .. l‘l‘
v
0 LWL ¢

.FJ:’#‘.- f
e
s

~r
i

-

- 4oy -
R EEENFEEYY Y,
F

ey

L
ﬂﬂ‘ﬁ-ﬂ
A
/
‘ "/
A u u N M N N
o a a a
FFFF‘F’F ’F’F‘F-‘: o F
o J-’,IF-'JI-’J-' 1
] l'-I i’-l'. .i’-l-
l‘-l.ll.l‘-l.l 3
" B BB BB R FEFPFE R EEDN

o e

R S 2
N .-.-.-_.:\«% : RSN N
'. *. e ™ N D R R . 4 AN l.

SN
.~ a Y %
R N o
B8, L%t N, h 3 ST RSt
e O N 3. SRy TSRSt

.. + %+ v iy Yyv IR L L LY

T E L AR ER R Y EEEy Y Y. Ty = = owo + . LU LY

RN v & v i3 v - .. LY
.

v 4+ % % 4 v

R R T T R

L

|
o
F

St

F
o

.
-
L)
..
]
RO
. h e
"N
)
“«nn
N
L]
4 4 sah
+ 4+ e
RN
4 4%
4+ + 8 nan
4+ 4 v nnn
v+ 4+ ¢+ 8 nEn
4+ +annnn
4« vt e ..
* 4+ e L
“ 4+ e ..
RIEIRIE) -
+ e 4t ey -
et e e e -
IR -
.\‘o‘ooo’o.q.t\ m e
IR -‘i
R
R
RN
R )
R IR )
R IR
N
LRI
L )
LR T I )
R R
AR E R LA
+ 4 4 4R B+ AN
v+ 4% E R LA -
LR L )
R L L ) - -
R T ) -
44 4 444N BR RS L)
v 4+ 4% 44N RS UL
4 4% 4 4% AN LN
4 4+ 4 4 4% 4NN - L]
S L T ) CRC L
4 4 4 4 4% %NS L)
4 4 4% %8N E NN L) LU
v 4+ 448NN S S sSsaAEN
v 4 4%+ 4NN S s s aamEnm
R T E T .
R R R EEEE R -
v 4 4+ % % %% AR 4SS SAASNAE
4 4 % 4% 4% 44 %Y EES S AN
4 v+ 4% %R 4% A4ARESSSARNES
R EEEET R
R L ) -
4 4 4+ 44+ R EED L] -
4 4 4+ 4% VRN .
T4 444N ERDS - - L]
v % % 4 4% SN EBDN
4+ %% 4 4% AN BAn - s .
Tttt N e - S
4 v 4B % 4B AAERN ™ A A N EE A EAASEAEE
ACIL LU LN NN NN W E N N AR EEEARAESAENE R
4 4+ 4B AL SERAD [ ] L RS W N NN A EEAEAAASSAER
PUC I L NN N NN L Wt et T ta a ta t t ta
v
4 % 4 4 AN A EAMADN ““‘ .n LI TR L O O
AOCICIE UL ML NN NN N LY CO N B RS Y ERRES AN
¢4+ 4+ ERAE - LS LU NN DL NN N NN
OCQOOIIU‘.I.I LJ L J l‘.l LI L T L L O R
vy v 44 +En " un L) (] N E NS4S AR AESS
44+ 44+ EEEEN UL N N N R T
*y + 4+ S S B R B EDH LR LJ B EE LRSS S S A S SN
4 v 4 +8 s s uun - L3R (] N R EEE TR
4 v 4 +e e LI R T )
B4 + 4BV ESN - L)
atat et et ettt
-
L L B E AR A EAMEBAESES S SN
LU N ) L I N R R
BA B R v 4N EDN - L)
Sttt L, FUNCRUNL ML N
LI RN - sanm R .
B S B A4+ LI L L R T T O R O )
LR L I ) A E RSN A -
44 4R RS N O R EEEERER - ]
- B EEE RS A REERERES S S LWL S
- L .. A A A A A A EEEEE TN L Y
- - N R T ) LY n
. - AN AN A A A A A EEEEEN Y N LY
LI Y - LA A A A A A A A EEEE N LY L} n
- LY LR RO EEEEEE T L Y
A A A A A A A A EEEE T L Y
- Il\. B E A BB AR BARE S S S A4S A S LWL WL WL "
L R R R EEE EEEE ) LY LY
- -I‘-l‘.ll\ll\\‘\tyoccocco- LY LY
L) A A A A A A E A E A EEEET Y LY L}
L) LR N N LR R EEEEEE T LY
B EESEAEREEREERES S ES 4SSy
- LI NN R R R RN R AR RN Y
N R L R R EEEEE T Y n
LU L I R R L I L D L D D O R D D D O O R §
LE N AN A A A A A A I R E E R A E E EEEEE Y L}
LR NN R EE EEE EE EE T EEN
LU L I I I R L L L L D P D D D L L D D A L §
L N R R EEE R T A Y LY
L R N T R R R EE T e I Y
WA E R A E AR ARES S 48 % 4% % 4> s L §
LY WE BB BB RS S S 44 4% 44 4% 4+ 4+ 44+
LY LY O R R EEE E E R E R E e n
L § L § LI I N I N I I I I N I I I L8
“l\.‘ L LS L N ) LR R IR B D D D D T DR D U O O O L § L8
LY W . DN R T LY LY
N LY W e . LI LI TN LY
LY (LWL W W WY LY | L} LY - LA A A A A A A A A A A A A EEIEE . | n
LY LY L Y LY - L R R R R N R I e e oy
WOW W W W R R R L] % %A A RSN LI I
L} WOWLOWLOW WO R W W - (A AN RN LTI IETE T TE TE I I A |
n LY U e e B B4 %R ESAN LI R R R I Y
LY L LY ‘l(n--l‘.ll\\ln\‘\\‘ovv000000000000‘
L} LWL LY LWL L B S S BB S S 4% 4+ 4 7% 4 444+ 4+ 4+ 44+
LY L ) LY LY HEE RS ALY AL APy rrrr Attty
LY L L L L LIS A AR A A A A R E 4+ v vr vty

- -
|
oo o a w a a a

s

L .

"l -

LI
DI
v

W
¢ o
+ 0 e

. e 4 4.4
Ioi’o 4

7

L

L J
L d
L ]
o
o

F
o a a a

\l‘l
ll:l
ll‘l
L L L WY

lll:l
lll‘l
ll:l
\ l‘ :l:l:l:l:l:l:l:l:l:l:l‘l‘
\ llllllll\

WURRR RN R R R R R R R R R R R

WURRR RN R R R R R R R R R R R R l\

\lllllllll\l‘llllllll\lll

LS
LOL L L S S WL L LOL L LS S L8
\\ 3 “‘{\“‘\\\\\\\ N
n \ ._\ " \ n
“E\\“““““ L S S S W
““““““““““““““““““““‘ LS “‘ LWL S

L
WURRR R R R R R R R R R R R R R R R R LWL L L
L L

LY
l:l
l‘l
LY

LWL
L

L
L
L

L
LY
LS
LY
LY
LS

Ay

)

L
L
LY
LS WY
LS L

F
F

o

e

o
o
o
o
o
F

F

F

F
)

F

o

o
F

R
F
a

F
FF:FF
o F
™

F

L RN R R R

LY

a
A
F

A A A A .
F

o
o

G
i
i

o
F
o
o
o

e
‘\ l‘\‘\‘l‘\‘\ ‘K‘\‘l‘\‘\‘l‘\‘\ K‘
L

o
"
o
F:F:F:FFF
'
iy
|

LWL WURR R R RN R R R R R R AR L

"
. ) B B
. ) e ) L
. \h\.‘.ll ll...!l L
e e s
o s s
.

)
o

. -~

L]
LJ
L4
L

.
L
-

LR

-
L]
-
-
-
-

L B
L B N
L B

LN J
*
> >
+*

*

L
" r e
+*

.voe

Figure 1

1/11



CA 02803833 2012-12-21

PCT/US2010/0425835

WO 2011/046652

TR AN

L
Ed

SRR AN

N

RN

CNNNNTA

" "R R EEEEEDE
- "

N Ny

L
-

o
%
», .
o
\.\0 .
-“_

= F F P+ o
LR U I

N

o

N
N
"
R
SN

OSSN AN

»
N\

s

LS
-

" \K
BN

2:5:‘*1\. .

LU
L
-

N
0N
e
_\‘Q

N

ey

. l‘\ .

LY

S

}::\
")
R
_
DR
o
AN

A

\\ﬂi\
"

NN
:\“.x

——
‘\{:E\Nﬁ\
=

NN

N\

N
R

N

»
S
L,
LR
e
) " ln.‘q_.n ]
N

R
S

NN
.:\:\‘....‘\
-‘\‘\.l ™ \

A

SRt

. p%e

N
R
o

LY

L

.\.

L
L

-
“
"u

"

+*
L

N
R
.‘1 *
"a"n
LWL S

0\\
+*
+*

[

e,

N

N
TR S RN

. ,-\1 \\&?‘s ,“-IC

NN
C NN NN

2 SN NXRNN

NI WX

MNP

s j‘-\\i“_:‘m.";ﬁ\;' :

- .
\l. LI
L B B N B )
LU B B R )
1 * + P Fr PR,
* ¥ 4+ F R
R I an
. * - |v.\-0‘0§.\‘
. .. R
s a"a
3 et al e g e e e e e M0
-~ e S o n e L
2 - o ;i PP P PP o'e's
L re e
. e Ay s T 1 e’
", ‘- I e e m
+® Lo et Lk PR
o d ’ - +m
s AP E=wT e e, P
Sl P ae e e el e e 1t eta
- .\\. e B e e e e e e
. T e e e e e e -
c - 2 \t\ . . P ...wo
Mm. A e .
pl R A )
- Ve -=di, ¥
I
. - B e 7.
> . W e T AR R R R R R R oy
. wa 4 R R R .
. o pal, 4. RN IR .
. - . Pl P s o o s s s s s s s 3 F
e - M T e »'a
4 .\.\ . oSN T o
. . - - v u -
= _Egme. . . R e a“e"n
. o™ . !i.c , > + ot e aa e
d g - Poeoe e e e Ea
s Y - . o'’
B e - PR,
5 A | S e ¢ PP
v } ......... oooo\n\
.........
. \ P s o o
A . - . s OO
7 P o o s s s s s s s 8 s ® > e
.............. e -
a ' o e e e e e .
e B e e e . s
aasea @ o e e fee. ¢  BEE.. B s s s s n e .
> T o e
T o
. o e e
. s RIS
............ ]
- s > = o . L e R
o 4.1. I R OO
. -’
’ S i a"n
. = B e s e s e P
] A " 0 . LN e
g . . R S v ele
: - vy e [ e sl SAOL
- s e
Ny - . B ol - S . LA P
A A A F e et
O T e
. r s - . . SOUE
A . 1r$ ' o e e e e e e e e R
w3 T .
I, g, ra . rallay P el "
4 . - SEEEEES 00 e e e e e e e e e e e e e e e -’.D
.................
\\\ - B e a e e e s e e e e w e e e . -o-\.
| T .
- T g ’
b ‘ - T e M
. \ . . ’ IR IR R RE RN R
R -
‘ . I i o e
) - U T T S e
s - s
i e a’a’s"s
. e 10e%e% "
0 - - e
F e T B T < e [N N U LI
}. ,) \ . . B w s s m e LR
. N B e s e
. 'y * gy P e DOOE
2 . o N . " . L S S U RS .
¥ S o o1 .-
e -
: ' N o  m s s s e s s s ss = [
. - T e
. < : T R S
T .
u f R R AN .
................
% i} e T e .
¥ T g
. - e L.
& S e -"ae
+ \\0
........... I
(] LI S
o . . PO el ’e %"
Y ..?1 DL i e e 1 ee e m
‘. - @ e e e e we et s
" . e e e - otets s
- . & - s r v r r e v " + o+
B | - AEaaaaaaEEaaaEEEEEEEmE s+ n
" y. BN N EEEEEEE RO
r. o . Attt At S,
\t ® ° &4 @ o s s 8 0 08 8 & ‘o .0--0»
3 R B . (Sl
3 2 > g -
- B = s e s w e ‘. w = W s
P - TR
- P a e s e m e e s . e o -
” P T e T4 s
- - T e e ’ n...n.t\‘
P P Frrrr r e e e e w o s s’ s s mmmmmmad - a
o I T 0 L L G L L R R R B e T e e
- -y £  EErREE S e R R R R RN RN N a'a
., e RN B
........ .
- ) B s s mee s . o a a
" B e s e w s P e
~y B R S e e e e e e o o e a
- e 1 e’e’ s
meaa & e Weleln
- - e e e e e e .
--\.\ .......... * 4+
- o B e e e e e e e o et s
L . . ) . o s s s s e s e s OCTR
v - P o o o o 5 8 o s s - e
o . PR L P L P P % e
.I-‘a\ . - it P o o s s s s 5 s o 8 = @ ™
. - &3 e T v
-+ B R e e L . ’
- B T T T .
) \atkt -« e ey O
jﬂ n\ K | R W R
o l‘\.l..?.o.a. I I I B h\ *
. e, AR RERg e e T, .
urt.l.n i I »
a.t.\\.' ) R I RN o
.........
- IR BB R RN » .
- N, s e .
P platee et s
...................... s v v = 5 . = - - i
+ - “
- -
3 - oA
® - ) - ®
Jn))‘ ‘ﬂ!‘l JWT(E I
: . : ;o
. Ny . ) .
. . v
-~ ~ 1, B 1 ) ;.
’ ] ! ?t#!i
' ’ - ) \!
« N " -‘ . O ol . . . -y ) -~
‘. - * 3
] » . y “-
.- *
.- \-’ .
oo
.- \’
! \-ut
e
\v.l.i ) \v .
e y “.
[ ] -
. ree ! -
s Soa - / LA
 ~r2 J \-
Pl _l\\'-\ 4 \lo. '
.\\‘t\\ » [ _v - - “v
FF N “ B A
> ....I\- rr & v P 1
’ - : e LA
P rrrrrrrorer ” s\__ v r P r e e e R T R R R R R R R I I T IR IR r Ya -
PP r P ‘Q v » L N N N L N N r - = . \-
------------ LR B -v\ - wh.\ R R R S R R A I v g *
L 3 LN R \\ LN 13 L R R R R R R R R R R R R R R R R T R R O R N B B B B A * \' .
L 3 LN 2 LI O 4 LI N L R R R R R B B B N +* ..\ >
------------------ L P N A o e N I I e -y \
L 3 v L 3 Q‘ P r b F O B LU 3 13 L 3 L 3 L L L 2 L 2 v’.\‘.\‘.\‘.%w FJ -
L v L \\\‘\ r e PP+ 1‘\ v L L L L L R O U B B B B B B B B B N o . \-
‘‘‘‘‘‘‘‘‘ L 3 » LW L R R R R R R T O R O U D I L U O O B B B B B A B B B B B AT v l.‘. -
rr ko v L LS v L “vv LR 3 r b L 3 L L L L T S L N B B B B B B B B B B B B N - \'
R I R e r P FF oo » &+ - \\ 13 » LR g L 3 L 3 L L R O N B B B B B B B B BN B N B B N N 13 .\ -
\ vvvvvvvvvvvvv L3R 98 2 o ‘ v r “ vvvvvvvvvvvvvvvvvvvvvvvvvvvv LR B B B B B B B B B B B B N A \
. L R R O R I R 1'\\ L P .‘v » L 3 L 3 L L vv’.‘.l‘.l‘.l‘.\‘.\‘.% “ -
. e PP P P e b * r r b L \ v L LN 2 L L PP+ A A A A A A A A A A Aalrrrre . . \-
L I N N N N R R T O 2 F roreer L B D 0 A R R R R R T I R R R R LA BB B B B B B B B B B B B B B B B O J l\ -
e r r P P F oo o .‘\\\ o ‘\ v !v-‘\\\v L L L I R B B B B B B B B B B B B B BN B B B O B N » \'
- r - . rr r e b P P oror e b For b= ¢ o \‘~ 13 L L 2 L 3 v L 3 v L 2 v.l..I..I..l..l...\‘\\‘\\ * .- -
L L L L T R A R D R 2 oo ‘ 13 VI-‘. vvvvvvvvvvvvvvvvvvvvvvv LA B I L B B B B B B B B B B B B B B B B B ' \! . \
- LI R I R R R I \‘!v L P \ L I O O e v L 2 v‘.l‘.-‘.l‘.l‘.l‘.\‘.\‘.\‘.% .\ -
. - e r b r PP e b h 13 v'\\\ L rr r P F oo PR R FEE R A A A AR R AR R A AR A AR A Ar e - r . \-
- L S L R I R R I '.0 L L I e S S O R i S R R R R R ‘ll‘ll..l‘.I.ll‘ll‘l\‘.“.\‘\. - - l‘ -
. LN R R R R R R R O R L L I '\ B v e PP e PP YA A AR R R R R AR R AR A AAAAA Al - \'
L R R R R R I R R 1\\\‘! L LN L I D R R vvC\.I-.-.---...I..-..\\Q\\Q\\ * ..\ -
L L T R R R R U O L ‘- vvvvvvvvvvvvvvvv 4 4 4 4 B B AR R R R AR R A A A A A A A A A A Ao \! \
. - r P r r r PP F oror e b e !U\\\ v !\\ e r PP F oo v\40‘.l‘.-..-..-..l‘.l‘.l‘.l‘.\‘.\‘.N .\ -
. L I I D L I D O R . L e r r P F P oror P PP AR A AR R R R R R R R R R ERR A A A AR Al r . \-
L L T I R R R I R R R N N ‘0 L0 I I O R O R I R R I R I N d B 4 4 B B B B BN RN R R R EE A A A A A A A A A Al " . l\ -
| J e r P r ko rh e r P P F e e P r e rr e b e F s P A AA R R R R R R R R R R R R R AAAAAAAAAAA A v \'
. P F roror ko v L R \.\\v v \v\\m L R 2 v.....-.-.-.-.-..-...-..I.Q\\Q\\\\\ +* - -
- L L T O R R R R R R T r r WEE » v 7 » » r r o d 4 4 4 0 B B B R R R R RN R R R R RN A QA A A A A A A A are e \
- r P F ror o Frr L L v * A F roror e b PP A A A A A AR R R R R R R R R R R R R R RN A QA A A A A A A A Aarre . -
L 3 L L L r L N > L 3 P P 4 AP 4 4R R R R R R R R R R R R R R R R RRAA A A A Ar Al e - - \-
!!!!!!!!!!!!!!!!!!! \ > P e e P P P PP PP AR A A AR R R R R R EE R R EEER R R EE R A A A A A ARl - \ -
L 3 L L L r 0.- > e P P F F P P AR A A 4 4R R R R R R R R R R R R R R R R R R R R ERR A AR v . \'
L 3 L L 3 L 3 v LS PP PP PSR S A A AR AR R R R R R R R R R R R R R R R R R R R REAAA Al .- -
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv .\‘..I.ll..I..I..I..I..I..I..I‘ll‘ll‘ll‘ll‘.“. x \
» L 3 L 3 L 3 LI R P r 4+ a # 4 4 4 0 B B B B R R R RN E N RN R R R R R R RN AR A A A A Al v‘! -
e b rr e PP F e Py LR N L O B B B B B D L L L L L L L L L L O L O L L L L L O L L O B D I O B B B BN B B B B N B A v [ 4 \-
vvvvvvvvvvvvvvvvvvvvvvvv @ 4 % & 4 4 4 4 4 4 40 B R R R R EEEEEEEEEREEEEEEER A AR A A A A A Al Al e v ‘ -
e P r e e PP e e B AP P A A A A A A A A AR R R R R R R R R R R R R R R R R R R ER A A A A ARl v \'
e P r e r PP F e e e PP RS A A A A A A A A A AR B R R R R R R R R R R R R R R R R R R RN AAAA ARl \h -
vvvvvvvvvvvvvvvvvvvvvvvvvvv ‘w..‘ll‘ll‘ll‘.I..I..I..I..I..I..I..I‘.I‘ll‘ll‘.“.“. %- \
L 3 L 3 L L R R @ 4 & 4 4 4 4 4 4 4 4R R 4 4R R R R R R R R R R R R R R R R R R R R EER A A A A A A AP \\ -
. L 3 L L e r PP FFrrra € F 7 4 4 4 4 4444440 R A AR R R R R R R R R R R R R R R R R R R AR A A A A A A AP e v 1 ] \-
L L I R R T I R T R I R A N l“‘ € @ & A 9 4 4 4 4 4 4440 B R AR R R EEEEEEEEREEEEREEEREREEREREER A QA A A A A Al Al e - \ -
) + - r P F P F F P FE A € @ PP PP A A A A A A A A AR R AR R R R R R R R R R R R R R R R R R AR EER A A A A A A AP r . . \'
L T R R R R I O 2 v0..‘0Q\‘\\‘l..I..I..--.-.-.-.-.-.-.-.-.-..I..I..\\Q\\ v-v -
L L O R R I I R R 2 * P P AN PSPPI A A A A A A A A A A AR R A AR R R R R R R R R E R E R R ER AR A ARE A A A A A Al e “v . \
CEE N R R N R R +* & B PP PSP A A A A A A A A A A AR A A AR R R R R R R R R R R R R R R EREER A A AR A A A A A A Al \!\h -
+ - r P F Fra L * PP PSP PP PP A A A A A A A A A AR R R R R R R R R R R R R R R R R DR RN AAA AR Al v » \-
r * ® PSPPI A A A A A A A A AR B R R R R R R R R R R R R R R R RN A A A A A A Al aree - ‘.\ -
. . - * P PPN A A A A A A A A A AR R R R R R R R R R R R R R R R R R R R R AAAAR Ay - r . \'
r - - " s ra PP PSP A A A A A A A A A A A AR B R R R R R R R R R R R R R R R AR R A A Al \. ‘h -
v LI B B B I PPN A A A A A A A A A A AR R R R R R R R R R R R R R R R AR A A A A A A Al , - \
- -\\ LB B B AN N LR B B A B A B AR A A A A A A A A N R N N N NN R R AR R R R R R RN RN N R IR B R B R ’ \!\h -
. - L B B B B A I TP PPN AS A A AR R R R R R R R R R R R R R R R R AR A A A A Al - - FJ \-
- % & & A A A LR R R R R O R R R R .06..\‘l‘..\‘.\‘ll‘.I..I..I..I..I.ll‘ll‘ll‘.l‘.l‘\. .\ -
+ 4 4 4 a L R T R T I I O R N I I R A AR A A A A A A A A A A A A B B B B B L B B B B B B B B B B B B B B B A B BN L . \'
\‘ L U R I I R R I R T R R R R D B U B B I B L A B A AR B A B B B B B B B B B B B B B B B BN BN B B N LR ‘.\ -
‘. LI I I R R R D U R R R R R I R R R R R R U R R R R R R R R R LR R R A AR AR I A I A A A A A B A B B B B B B B B B B N LI - \
L4 r - L N R T R R R R R R R R R R R I R R R R R R R R R R R R R O R I T R B B U R R R I U U B B B B B A B B A M B “!\- -
- & & PV PV E L - - & o . LI R R R R R I R R R R R R N L R R R R R R R R I R R L R D D R R B B U U R B O U B R LR 4 - \ \-
- . vv vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv D.C.\. - '\ \'.
B L L e L e e L S =,
e A [ -
. BN _a\.\_vc .
o \ . v -
i £ .
: .
- -
- .

B

R S A S

2/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

llumination illumination
CCD

A

cch

h
L) rrrrvrrTrTrerererrew
YYTYTTYTTYTTYTTYTTYYITYIYYIVYTYTYTY
\ rvrvrerrerrervrevrew
\ rY YT TTTTTYTYTYTYTYTYTYY™
\
\
\ vvrvrererrerrevreervw
Y YTYTTYTTTYTTYYITYIVYTTYTVYTY ®
\ T rrrrrrrrerrevrew
yYTYTTTTTTTYTYTYTYTYTY
\ e vrvrrreerrevrevw
yYYTrTvrvrrrvrvrvovew
\ 4 v y Yy vyrvyvvrvvrevrew -
- rFrY Y YTYTTTYTTYTYTYTYTYY
\ . - v y v v vvvvwrw .
- FrYYYTYTTTTYTYTYTYTYT YN
\ .« 4 - y ¥y YTYTYTYTyvyvrvvrvovwew
.. YYYTTTTYTYTYTYP VYN
\ .« s yYYTrTYrYyvryvvrvrvvrew
LI yYvTvTvevewown
\ 4444 vy ryryr Yy r YTy rvrvrw
.« s yYyvvrvvrvvvrvovw .
\ 4 44 AV Yy Yy YT YTYTYTYFYFYYTYTTY
4444V Ty rryr Ty r YTy YT
\ 4 4 4 4% Ay Yy YT YTYTYYYTYTYTTY
4444V A vy T YT YTYTYTYTYTY
\ 444 A4V Sy rr YT YT YT Y Y
4 444V Ay r YT YT YTYTYTTYTY
\ 4 4 4 A AV E N T T YT YTYTYT YY"
4444V VAT Ty T YTYTYTYTY
\ 4 4 4 4 e
LR .
\ LN
4 4 4 4 a4
\ LN
- R ..
\ RN
- 4 4 4 44N
\ - 4 4 44 e
- 4 4 4 4 a4
\ - LN
DR 4 4 44 e
\ - N
.« . 4 4 4 44N
\ - 4 LN
. . 4 4 4 44
\ .« LN
) 4 4 444N
) .« 4 N
R 4 4 4 44N
1 .« 4 TR
.« IR
1 v 4 s LN
.« . 4 444
1 . 4 RN
DRI IR N ..
1 BEE IR .« s .« 4
IR ) .« . -
1 JETE IR ) .« s
- h LR E) L)
1 “« 4 e .« 4 -
- . s LRI .
1 R IER] IR +
R IR +
1 LR} IR I ) +* v n
LR LRI +
n 1 RN RN + + 8
R ER] RN + +
1 LR TE TR ) LRI LR R
REXER] SRR +* +
1 R IR A LRI
L D D B B 0\ * * 4+
1 DR R - LR R
IR + DRI .
1 IR I IR IR 3R EIE IR IR IR E Y
DRI + R
1 e rE e IR
D D B U B 2 * + 4+ * * e .
1 SR R RN .
*E P L .
. D D R B B I 2 L B B LR R U B U I R +* + .
LRIk PP PP PPy
1 LRI R I ) + + 4
LR R U N I D O LR U L I D N D T U I I U B | * e
1 LRI R L e +* e
v E AL L I I g I E
. L D B U I I O LR N D R I D U U U U U U I I O O * 4+ 4+ .
LRt R L)
1 LRI IR I I g IR
LU U N N I I O * e LR B I D U I U I * * e
1 LRIt I ] IR
T E P e L R R E
. LR U B D I LR D N I I U R D I I Y L B B
It + I R R
1 It L I R LRI IR R
L D U U B N B O * LR U R N N R I I R ] LR R U B N N )
1 R PP PP R
I T E e *E e
. LR R U B B I B O 2 L N L U U R U U U D I LR R U B N B O
TP e R
1> It L I LI
LR U B U B I O LR N B N I D R I I LR R B U N B I O
. . R TP PP TP
It LI TP
L . . L R L A L I I R I L L B LR U B U B I O
LR PP
44 4 4 444

« o 9
?v—\svssvssv
L ]
-

o~

Figure 4

B A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAS

A ..... . .‘..... . o o T T T T '.................... o 5 l. *\\.\.\\.\.\\.\.'\M\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\\\.\\\.\\\.\\\.\\\.\\\.\}“ﬂ“\ “\.\.\\.\.\\.\\\.\.
“.........‘..'\....-.................-..................‘........~.........'..._..........'
1 - -

Y ' . - ¥ .

wu"u"u"s o "l ) - - > :

""" ‘1 I\ : . . ‘\ .

\ v .2 : : )

R " - g : . :

) - - . \ .

.| - " - \ .

r . . N .

el LT

- LS

N . - .
e R " . ”“””‘”‘”‘"‘”‘”‘”‘”‘”“””“”\””“””' “ v
. .
n _ - X . "
N A . - < .
v N - R . \ .
I t - . . : .
- \- " - \ .
T s- - N \
'y oo . ? \
......?.........}..................u..................h.....q...........' B,
. . .
‘. - . N Y ’
:: '\." " - * .
‘ “' - * ‘
N - . : .
= A - ) Y : SN
A = - . Y Ny !
[ 'S - N . 1
- Mt wFww ‘\:‘.'. N ' 1

T YT T YT Y YT YT Y Y Y Y YYYYYYYYYIYYIY Yy o.

. ‘N - - -
v v !vv!vv!vv!vvvvv!vv!vv!vv!vv\"‘N'\(-:‘J.-Yﬁ.\-‘-d“\‘vv .

b
\....I...'.I.".I.".“..I.....‘....I.....I.....I.....I.....I.‘.'..I.".“““““““““““ ....I.““““‘.““““““‘.
MANN QIR AREN NN

L

'ﬁ”’”’”’”’”’”"I’”’”””””I””””””’
L & I i i

[ B e e e e B e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e e i e e e e e i e e e e e e e e WY

- 0

e ORIeE T D EE LT e LR e T e T Ee T e e P L e EPEErTELTPTPPEPPELTVEPEEPRELE

LS -
A"

—-mmmd

-

o
R S

0
.
4
0
.
0
0
.
0
0
.
0

’.'-

Pl 2 VP
Y
S Ay
e

.

cf{j

Iy

“lfffffrlllc

Yyl

l‘.‘

-~

A e s = = =

-;r/-'." -
4 -

- A

.._{.,_’,,ffd’d’d’d’.'.

"j"”’ffff.

. s

1Y
. N '
a . . -~
'»\“-‘ N e R St P AT . -\‘\\.\\'d‘\‘ * . s
gy R , ¥, WA SR TR . S, i, TN, S, NSy S (<,

-\ 'S i -' " ‘. y
Ea N o TR

w
URARSENS A

4

"xfI'I‘I'I'I‘I’I‘I‘I’I‘I‘I’fI‘I’I‘I‘I’I‘I‘I’I‘I‘I’I‘I‘I’I‘f’l‘f’l‘l‘f
A A A A A A A A A A A A A A A A AAAAA A A

e

DO R L DO R L <,
‘- - e e - e . - e e - e . e,
N L
: .xs.\xs.\x‘\_\,mw\xs.\xs.\xs.‘\xs.\xs.\«g\.\«g\.\\\.\\\.\\\.\:,\.\\\.\x:s.\x\.\xs.\xs.\xs.\s.s.\xs.\xs.\xs.\xs.\:gt :
y x R . . , : \ : . m
b N v . S . . LN . . : t N
§ b, " : . - - . - .y L
5 .. ~ . .‘-‘ N i Y L
y . . : s : ' sy L
> 5 .. e’ . .' 4 . i Y L
. : . " : s : ; S
\ PR TE IR IR R O DR S 5 ] . ] . ‘ L
. N w . Y . . Y
'w 5 . L s . \ y - - ‘ L
. e 5 .. L s . \ 4 - ) " L
. “ e & L] . t. . L
.b + FIE IR IR I R R \ -. ™, “ ". - . - ‘ L
e \ -. u, . \ ". - . - ‘ L
- s ' L . \ ) - ‘
[ ] 5 ] ' . l,. . L
v ' \ N .
. ] ' \ 4 . ‘ L
R b . \ . % . .
LR ] ~ \ h . ‘ L
Y 5 ' . . TR S . A
-:\: s ¥ 5 -: : . .b'\ o :‘l . - ‘ L
- "« 5 . ' . LI 8 \ - - ‘ L
-:0: v :c 4 5 .: .: . \. 4 \ - ) - ‘ :
- v + + 5 0 . . y 4 \ . - ‘
\‘. ‘s u] 5 . ¢‘ A \ \ - ‘ L
.l. . -‘! u & o .‘ L T T R R R T B R I o ﬂ . \ Y .\- N L R ‘ L
-.n l-l “l. > 5 n ] . y 1 L
' 4 N Y
A s S 5 .. “ . A . “ . L
- CHO ) e 1 ] \. 1Y \ -\ 3 L
) DO s ol ' . 4 . Y
. LR R 1 N v LY L
- . LR 4 ' [ . i N W Y
. TR N N o LY L
- LRI ERER) . v . . \. - 4 - ‘
» LR N LI . \ . . L
. I.t‘l‘.‘\.ﬁ.ﬁ.t 5 'h k] .\ \ b ‘ L
~\. IR I . 4 \ N \ Y
) (] R & ] . L
- . U R R ' . Y . . A
Saett atatata ot 5 .. . . . . L
CRL NN TR A [ ] ) \ Y \ L
“ata ey R S 'n : « 9 \ b * 1 . N L
Ty R EREEEREXE 5 ' . LONCE ] P T ‘,o‘gi"-'k‘
LU LI TR TR TR RS & ] . l\ [} n‘\‘l“‘- L
LY LTI TR R R ' | ] L} - "
U . I 5 _l . . \ UL . \ . L
\.0’ . .000.000'0.000' \ . : . 1 \1. . ‘ L
c: : -‘-vww-vww-vwQ-vww-vwQ-vww-vww-vww-vww-vww-vww-vww-vww-vww-vQ.Q-vww-vww-vww'h\vw-vww-vww-vww-vww-vww-v;ww-vww-vww-vww-vww-vm :
‘ - - [ g.\\. \‘Q‘,‘s. . . -N -
+ 1 90 [ L) W) L
.“(‘. . AP At ave e e : -‘ S..n- i LN N '1\\v L ‘$¢b§ “H‘\Juh L
. AP AP . . - . - -
N ARt : S T TRy :
- “
s x:\ 0.0‘\.0.0‘0.0.0‘0.0.- § ‘d"""'l«.» L} ‘}:'. ‘:k\'- R L
- TR N N . .
LR W vy tvawaEY S+ ‘&\K 1 L
N s s s s n"n"n"n " BN N N N e 4

Figure 5

3/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

-’

Y

/
TN NN SN N N T A . ..

LI ) «“ .- + b N - 4 * N - L R | .-

.I.\?. ““-' “\\. l-?‘?‘ .‘."' ..T-TI T.’.‘..
. s Ty Y Y N Y w’ﬂr‘v‘ﬁ"r'ﬁ R e e e A A R R N R R T e ey e ey Yy r A Ty e ey Yy N e
. . . .

'r‘-\_-

A

CLor

-
B A e L
v

" a
Z

=

o

fenaty (8.

il

LIan_r

OL]

£
thr

[
-
R
%

CERCE N

. “» N - ER B \I\\l‘.:‘:-
IR O T L
e ma v N . av

- .

R

- -

P

*a

J
'J

rrove q':.-.-’ s

<

- -
L]

o
Ve
£
0

. .“ -
l’
.
’
.
.
4
‘
3
A
’
‘
‘
“
-

Huorescent enhancement

sk retroreflector film
flLiores

under collagen layer

o

*e
-
i
'-'-.’ rr, -'..-/-
2

:’I

R, RN S Y
.. “l: -~ b I W 2
R -
' -

- ey Ny . -

l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-I-I-I-I-I-I‘I-I‘LM\“““N“ [ 3 “l
A A I T T T O O O e O O O O O O O O O O O O O O OO O SO OO OO . .
S T T T T S R R R o o o S Y Y Y .‘.\\:\b.,.-'
.
.

.
4 4 4 o

A S A SIS,

4

»

* 4 o
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LI J
LJ
LJ
"'
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
LJ
L J
LJ
LJ
LJ
LJ
LJ
LJ
LJ

R
L I‘.‘l I‘. L] I‘. l‘l‘.‘l" "t
CRUNCNC NN u‘n..‘} Q)

4

f;ﬁ =t \-‘lt-‘n .:un.:u n':':‘:')'.. ::::::::.:...-
.'w: .. l.--.---.--.---.-.Q?’:..::::::::::“:
‘..‘....-ln-....

DOUA

'!

sl [l reflector
(100 wm thick)

- \ ..I - ..I I.. L] I.. I.:::::.I.I LN ]
* “- i I‘ -' .:.. ..‘ . ..‘ ... . ... ‘.'.:..b:.: UL L L )
. \. .Ik*‘. LR

LI ':‘.“ ‘;;':.::....-.--.---

P

R R
R

Pl
it
v

I
.

i o NI
LA AN AR R R R R ERERERE R R EEREREREEREEEER) .:-
L \“a\

LI NN N R R R R EE R RN :\’:::::::::::::::::::::::::.:’x ..i.

o

1
v
"

O PP PP PP PSPPI PP PP PP PP PP PP PP PP PP PP PPP P
R BRI B W )

S
v B
'-

b

wi v
rerrrrr

’
'-

R Sl e S - o

.

m L

e

r.w.,

WEE WETE TR TR YT R T
- - U
LU O U LU
- DU - -
UL LU

¥

h
]
*

DG

. \.....l...l...l..l...l..l..l.
| . .‘I L] .‘I I.. L] I.. I.I L] I.I..‘I.I..‘ o

'L ot ) " e e e aw w0
R k\ O S
\. \..I L] l.l.l LI ] l.l.l.l.l L )

N

ig b
I B
|

\ » - LR L L ) &k b Bh AN
. v\ s‘. \‘ ‘t. .‘. L] ‘...‘ .*.‘...‘.‘...‘.‘. UL
SR s ST
O N R 8

I.l:l\.‘.lltlltlltllt

.\ . Attt :.“:m‘ & A & & & AEEEEEES

'.9\\! .\“ ." .‘..l‘.‘l.l‘l‘l.l‘l‘l:l NS
; R

LR LR L l-‘..’

L]
L]
L]
L]
L]
L]
L] L]
UL L L L]
LI
L]
L]
4 L]
LU L]
» .l..l..l..l.‘ L]
.ll.ll.ll.ll.. L]
L]
L]
L]
L]
L]
L]

. \w \‘. . OO - n
R Mool SEREEERS

{
;

l._ o \:::.-.

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b

LI I.I.. L] L]
...‘l....‘l....‘l.. L
.‘:I_‘I: : ________________________ I_‘I:l:l_‘l:l:l_‘l:l. ‘I_ % “ " A

—_

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
L

7

-

3
!
"".V

L
~ s e
Sa WE

SIHE
100 wm thick)

-
- - -

R T
\'.'N =

R e ..

“llill.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.\l

- ‘- - - - - e'w .q. Vel ‘u'w ‘u -
AR AN " P v DL o A v oy o

' -
* & . .

v\xl.\: . . . .. . ) ne e v
. . . . ' .

Ml

LR R R R P
L BB B R E R BB B R B R EEEREEREEEEiEEaEEmEaEaamas,

rlds

7
RSt Ay,

-
l" -

. Tt
JURNCRONCA

. . Y . .
L Ry A v e q‘q,‘v_o-q-qu-"..%-_g'-‘q,o‘--'q MY LF WE MY MY L LY Ry LY L WY MY W T W oMY WY oMY O WWomY WY WW +owm w Y Y sn " Y Ry W

V-

collagen layer

S e
.

clear silk film under

. -

- .

4 P F PP PFPPFPIFPPFPPPPFPPPPFPPPPPPPPPPPPPTPTDY

PR

-
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o .
o

.
R R R R R R A e A A A A A R A R Y '\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘.
r - .

< 4jdap “

|

[

|

[

|

[

[

|

[

|

. :
| .
! ?
! :
[

| .
I :
I :
| )
| .
|

[ :
[ :
| ;
[ :
I :
I :
I :
, .
, .
|

[ o
| :
| :
I :
I :
l .
|

|

|

[

| .
, ,
[

[

[

|

[

|

[

|

[

[

I '
[
| .
[
[ )
I .
[

: A \O
| - an
, L
1 i —
! R - =
| Az

[ ”_4: ]D
| -
! A
| k
[

| !
, .
[

|

[

|

[ .
|

[

[

|

|

|

[

|

| .
[

|

[

|

[

|

[

[

|

[

|

[

|

[

|

|

[

|

|

|

[

[

|

[

| .
[

|

[

|

[

[

|

[

|

[

|

[

|

|

[

4/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

- ™ ™ ™ -

-

P
N
v .
\
o t X
st X 3
A \ 5
4 \ \
+* \ ".
- \ \
. s_ | ]
- L-
\ . pa
- \ B : g RN ,
. \ _ 2N \
. N IO SR <A KRR \
. ’ S
. \ \
. L n..
N w \
. \ - o N
-' s‘ l.-‘-.‘ - ".
- 1. kl
. s ’ m ' ST ;:-.
- - \ .- .
R MMM \ }i - y
S~y S " !
. t ? WA . \
LA ! . :
T 3 4 ™
A\ \ - N
. > . \ E
" . .. y
L] \ . [
- \ ‘q "l‘ ]
D w0
v \ o y
R \ o t & u—
S ; s
" t e ¢ N
Jr \ e o : :
= S y A N B ; L
' . . - - ,'.
.. - L
!‘ \ ‘q‘ LA T B \ -
. akb S \ % ey = . ﬂ
~— T .t \ - s v -\‘:'\‘-" " VaTs e '0'-': ':" K ' .
w_.\’-'-"""- A g ‘. w . "-‘:-:hh-.-.":-':’;‘," t
. .‘ ‘."R -ner Sa e e t " ‘.;- -;-‘-. .‘.". :': : . 2
v \ T BRI N
: \ LW, }
] i- - rete Y o
. \ A T et t
- ‘ ‘.--‘:.‘:.q“\ -g.‘-, \
N \ (.I‘.I.s" i Tlvw. N \
' \ ' S P - ‘Q.I s [
2 Y \ . .
N \
I' \ "l
LRGN g \ \'
"‘"-'lull.-“~_ . \ S
o \ :~,
\ ]
\
:

ar'
1
|
£}

[\
L
= . o
.. -
o)
o
A

4 e g e e e
T Y Pty
R I I O v.i

-t N LR L DL L N
U B B B R I R I R 2 2
LR R R R R B

g

Siatrer

S/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

fatfmuscle
tinsie layer{s)

\ SRR

'~.'-'\.'~. ‘-‘. :
“‘q«.\“%\t\\ N \\\ WA

spectral
3 e &_.;., A _
elomert e W
'. L an T an. S :'-m@
PR 05 3

sk oo
i = w,;s:g rfme

reflector

pigrment cellulose

{:
N

multilayer filter

.4 N N

o
X
2%

e

P
i P F R IO IO I IO PO I LI LN

S
- ats
-

Figure 8

6/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

s

LA J :';’
+*
4
4
4
4
4
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
4
4
4
4
4
4
4
4
4
.
.

4 4
P
4 4
4 4 4
4 4 4 »
fﬁﬁf
LR J
S &S AR nn
|
* 4
4
4 4
4
4 4
.
4 4
.
4 4
.
4 4
.
4
.
4 4
.
4 4
.
4
.
4 4
.
4 4
.
4
.
4 4
.
4 4
.
4
.
4 4
.
4 4
.
4
.
4 4
.
4 4
.
4
.
4
.
.
.

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
.

DRI $ 3 7T T T T T T YT YT YT Y Y Y Y Y Y Y Y Y Y Y Y
LR T Y T T YT T T T Y YT YT YYYYYYYYYYYT Y
vy v vew Y Y Y Y Y YYYPYPYPYPYYYYYYYYY
1 v v Y Y Y YT YT YYYYTYTYTYTYN
' RN T Y YT T T YT T Y Y YTYYYYYYY Yy Yy
LR

-

+*

- !H.:
- v v v v .
Y Y Y Y YYYYPYPYTYTYTYYYTYSTNDY
¥ Y YT T YT Y Y YYYYYYY Y Y ov
¥ T T T YT T YT Y Y Y Y Y Y Y Y Yy v =
Y Y Y Y YPYYPYPIYPTIYTYYYYYYYY
B Y ¥ Y YPYPYTYTYTYTYTTYTYTYTYTYTYTTYs
4 ¥ ¥ FYF YT YT YT YYYY Y Y Y Yy
* FY ¥ P T T YT TYYYYYY YT Y4 r
- ¥ Y Y Y YYPYTYTYYYYYYY
+* v
-

Siik
reflector .

. v

S et Aiedeiet e e e

DRI IR R L I B -

v

e = = o= = 4

™
« 4’ ‘~;i:“ N

. - I \.\' ‘ '1:.'.. "‘. '.‘ \‘:'o \\‘: ‘.::.'.' w.-:o‘ .t

e e N N N S N S Y Y Y Y Y e e A A AR A AR A AN AN, A AN A AN AR Ay B B B A A A A A A, S S
s‘0.Q.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 ‘. 4 Q.0.\‘0.0.\‘\‘0.0.\‘\.0.Q.\.\.Q.\.\‘Q.0.0‘\‘0.\.\‘\.0.0‘\.0.0.0 L N .\.\.0.0.0.\.0 i -“‘ e
. LI L L L L L L ) l.. L .. . 'U'a-
B R e S S S S et - L R

e % s s s s s % % % % % @ w w W w o w w ow o w o w o w o w o wm o w o w o wm o w o w o w o w o w s o w o w o w o w s s s s s s s s s s s s s s s s s s s s s s s s s s s s 0w . e . .'..'
. | ;g,gg
v v =

L T S N T T \

Y YT YT YTYTYTYTVYTSNTY

- LR VR TR D DR DR DR DR DR IR J

PR DR DR DL D DL DR DR DR A |
-+ * AR+ 1\.Q‘f * At -
v.h e LR R R R R LR R I I R I A |
LI IR * PP AN AR -
.4 AR * * e WE e
LIRS LR L ‘\~I LU R L R R L R
. v\;«:\‘ . ‘\:‘::'I. .\\I::N\L\‘N\:‘::'::::‘::::::‘::'::
LA l\\l - \‘I\ SRS S A SS S S S SAl
LI ol LR DR L R R R R

.« 4+ LR PRI L I I R
LR TR TR L L R R R R R R
v, L] LRI I R I R T R R I L R R R 2
LI R T R I T I Y
-,

I,
v or’e
Y ’Iﬂ

“rrerd

'.

.
e A e

R O Ty :
B A A A A A A

- -

: [

L J L R
R I

- S X >
;. - . I l:c :, e : :.:-:Q .'.:.:-}:.:.:.:.:-‘
‘t' UL S T T ) l.l ‘\ 4 . 4 4" \‘:|§.~‘: RN
] DRI T T R R IR I - L} " + S AN « e -
.. -'. * .0 * 4 .« . - s - 14 - - l.! v '..".0.. - .' .0‘:..".0’. .
.' '0 4 : “. \. ‘- ‘H ': 0.0 Q‘.‘ A “’C‘:..0‘4:.000.¥
: R N v o \ N AT A A A el
. . - - LI - A A EEAMAEAMAMEDN
v N - .“\\‘.h LR E R RN I
- . - LA B I + 4+ 9 LR L L A |
- - L DR D R O 2 LD D B N T T R N N R N N N O B
bl LR DR R B O 3 LUE R IR L T L L IR R R R O R R IR |
.! '. L R B LR R N D T R U N R N R Q‘r
i ) . s
. . _'.‘\\ . ." .ﬁ\\ﬁ\\ﬁﬁ\ﬁ\'\m\m\\m -.-\.-h-.-\.'h'-'\-'h'-'\-\.
SRRy ST R U in <« -\\\ﬁ\\ﬁ\\ﬁ\\¢\ e e e e e e e e
. rll L _V . J“"‘.;’QH{.*‘\- .- .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -. .’ -. -..‘
. - 10 . - ) . ‘- ..-. . '1
e R MY AN A R e T e A YT
* - ’va'.‘.vIT.:’:v'.TCvO:ITV?O"’.‘.’."‘ o e
| | ] 1
- . .
_\‘.-‘s R
: ‘:Fv Y
PR
s R
AR T
Y
L
<« o?v". '
N '
-~ T\ . .
. N ey :
. . s ‘e s 49§ ° \' * v
- . - . . - “ e [ [] \ L \ +, v
R SR st S JR . ;
N Kt N T S
- a .. MW - - * 4 ' mw anm - - ] LI} .’.L‘L‘\ l\
- NI e ar o4 < - (] \‘_\ Y vt v
-\:\ N - + t ik AR '.,‘D.: ‘,\ '\ + v
{:'v' . T T . . + v
- . *, -
-
- .‘I. R e N e e e e

. . ;?- 'l"\""“""“""\\xk«m&\\’\.\.\‘\‘\;\‘. k\.\.x\.\.x\.‘.x\.‘.\-\ .
— ; R )

L g

N

« 4 4 4 s o

.~
d d s 4 4 a

WONN RN RN R R R R R R R R R R R R R
\.\.\.\.\.\.\.\.\.\.\.\.\. \.\.\.\.\.\.\.\.\.\.\.\

B R N A A A

-
LA BB RN RN RN RN NN RN

Figure 9

7/11



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

% : 1! N
¢ , I NN
“ : H {
z§ i X
z: X

Lo 4
T

RRRRRRRRY TR

WUWLWLWW RN R W W e

I

o
B VY YYY)

LA L L

rew,
- -..,
A

v
'
w
e o
rss
e
)% .
’q#’..
T,
"
“
o
o

II.I.II-I‘- w-l-xlé.Q.\\0\0060060060060060\\\.\QCQGCQGCQG\\\
- » - L -« N L]
L LR

. 4

“« 4N

- s

LR

“« h

L

- h

LR ]

-« N

+* 4 4

. 4

.« 4 4

-« N

LR R

-« N

. 4

-

-

L]

4 + 4. 4 5 4 b -

4 1 14 % 4 4
0.v00.\\
'

+*+ S h
LA DR B B R R N
LUE DR L I I R DR
LR DR D L N N N 4
v+ 4 v v kAN
LR T I D DR R N

-
LR R D L N )

’
*
L4
L4

LI g
*
LN 4
’

LN
LR R O
LN
L D N B
L 2
L

L D D DR N

L
L

+* 4

4% 4 4 4
« b 4+ 4+ 0

-
-
L]
L]
-
+*
-

-
.« 4
. s

Lol

LJ

v v e e r e

PR R R R R R R R R R R R R R R R R R
R EE I R N N A e
44 4 4 4L E PP PP L PP AT AP LT L L ABRAY P LT L P PP LTI A TITYTYTYIYIYIAYIYYYAIYYYYYYYYY
OO0 LI ICEICICICICICICICICILICICICICIC LI LIV IIEIC AL I IEIEIC LI IE A ICIE A I A AL L IC LI IR A A A L AL L AL I
R R R e Y 4 At r vt rr P E T TYTITYTYITYIYIYYYIYIATYTYIYIYYYYYYYYY
R R R e 4+ 4+ PP PP PP TTLETYTYITYITYIYYYAYTYYIYIYYYYYYYYY
R I e e e L TP P PP T L LT T TYTATLILIYYTTYTYIATYTSAITIYIEYYYYYYYYY
R R R R R e Y - - - v -
LR R
R R T
R REEEEE R
R R R Y
LR R0 )
R R R R R )
. LI R R e E R
v R R E T
AR EEEEE T EEEEEY
Agig= 4% %A R EE N ERE R
e \ . .n . ) DY
- -
. “

[ of of of of of of o

. s
L TR DR DR D DR DL R DR T R
LR DR D DR DL DR R L R R
LS UL L L DL D DL DL R

+ “
.'-\.\.
“ 0\
. ' . .
I .+ +
™ ' + . I
[ (g IR 0 - -
R R R Y )
R R IR v -
444 E L ‘e IR R
LR R L O B D U D O LR DR B N T T T T T ) L T D U D I U O D O
. .« e AR e + 4+ 4+ A NEEEEE I EEEEER) IR
L) IR e (W) RN Y
. .+ ", e .+ o+ e e
v, . . - L)
.. +
- .
. + .
-
-
.

ffffffAfffffffjfffffff}fffffffbffffffﬂfffffffl

LY
LS S UL NN
“0“:“v“‘ v‘o‘v‘v‘v

Lvvvvvvvvw.vvvvvvvvvvv‘vvvvvvvvvvvv}vvvvvvvvvvvv_vvvvvvvvvvv‘vvvvvvvvvvvvvﬂ

839 ”

SN

H )

R BB
™ T RSN TR ’
N
D) \\ L T R ' i
- ?ﬁg. \\ . : E . x e S .
i ¢ | _ I; ;bﬁfq:::?\\ B ;~.:-?’T ﬁ.i 5 ._E.i l~ L
LT SRR R

Figure 11
/11

Parets
L)




CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

-
L J

XN

‘-..-I.I.I-I.I.I

Ca'e

'
vy v+ s
L P I I .
D D L

L I “ 4

T Y Y AN
LI B I 4 .- h
Y Y YT YT AAADN
.« 4

L)

-
.o . . .o - Il.l......“v‘v
. '

T 0 0 .o -

T LY Y Y Y Y Y OY Y Y Yy
LR I I I T O

-

, R
5 \\\\\\

oo
v s . .« .

L T I R I D T T T T T e T

BB W L WYY L b Y Y Yoo ' . .
B E 4 v w44 vvedtduwrvewrso IR .
LI M IR R .

LR I

L) B4 v v d 4% A rewwr

[ILIE) “«. v

.+

D)
-

v '
c s v s s
* EE I )
LY [y [] -
L)
+
. * . “
L] s’
TR rEr oy " v
R T T e O T B PR | . L N N N A . I I R I D I I B B ) - 4+
Y e R YT YTYTYTYTYTYTYTYTY YN I v N N BEIEIEIE RIS - yYrYT v v vrlivrvrvvw " h e - L)
RS 4+ 4 4 4 4444449 % v v v v v vrvrvrvrvrvrvrvrs s - + T YT ELELEE L LT
LI - L] “ - “« 4 A s “« - 4 v 5 “ 4 “ 4 “- -
“- - .
- LI - - -
'\ R v .
- * v Y v Y . . s . -
-\s - - LR v . - . -n \o \-
- oL - R -
- v - * "
. - -,
v
AR - - N

.o LIS
« 5 s e 3
. . .

‘I LI J
B

L J
L L R O B
* % v .
-

L I I

+*
LJ

-
.

‘ .
sy
.
.-

L4

+* + 9+
* + 4
“« 4+
+* v

* + +
* &+ 4+ a

+*
* +

+*
*,

*
+* +

.+ v 4
v+t v e
LU R R IR
LR PR D I
* vt
LR DR N J
L D D I
LT LR N
L DR R R
LR R D I
LR TR LR )
* e
LU L DL L U I R
v+t
LR R R R 4
* N
* 4+ 4w b

*

+*
> >
LR R 2

*
+* + 8
* >,
* + 4
+* +
* * ke
* + +
-+
LR 2R 2

*
+*
+*
* + +
*

*
+* &
+* +
LR 2R 2

.
* 4

* 4 &

D‘.\

LR IR |

*
* e

+* ¢
+* 4 8
L B B 4

* ke
-+

* +

*
*

R
§ -

L I I I I I I I I N R R R R R R L O

-
-
S 4+ %SNS

O]
.
L)

+
4% s s s sl '
4 4% s s
R EEEEEERER v v
IR . DR
R R EEEEEEE ) -y o
4% % 44 . LIEDE ] *
R N N
LI + 4« 4 nnm
LOCIC NI N
. . .
.+
.

L N J
L N

LR R L R R
v+ 4% % E S+
. B S A Bh A SBEDL

*

-
-
v +
. *

*

+*
-

LI
RS S 4
-
-
-

.' ‘-"
. l’.'l

>+

*+ 4 4 4% %SNS AN
“ 4 “« 5N +* + . 4

+*
*

+*
+*
*
*
+*

+*
+*
*
+*
*

.

/

+* +
* e
+* +
L D B O 3
+* +
L R R R 2
+*
+*

*
+*

*
>
+*
+*
* b
+*
+*

LR R N J

*
+*

*
+*
>
* * e
+*
+*

* + &
4
-

+*
*

-n

-

-

+* -
. LR L UL N L R D R L L D R

+* U D D B 2 * + 4 L] LU L L L 4 % % 8 AN -
. * 4 4t .‘I\. L LI R R R DR DR D D

A L PR R N LI L I R DL U L R L L D L
U B B B LR R BAE S 3 3 % %4444+ 4% %888
L R B AR DR DE DL N DL DR L R L D O O N +*
L] - - L LR P L L L L T R DR N
DR ] U LN |

EL B B B B B B B O B B B B O B B B B O B B B B O B B B B R A B O I I I
L I I I B B N )

NN Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y O e ey Yy

Figure 13

9/11



WO 2011/046652

-

« *
- . 4
4 4 4N
- -

-
L]
-
+* -
+* -
* + ¢
- 4 +*
-

‘0 . 4 4
+* “
.QCQSII
L R IR R A

*
LR L

-“Q§ik

LR

- N
- +
+ +

*

+*

N

AR

-
LR
LU N )

vy % v
v v

CA 02803833 2012-12-21

PCT/US2010/0425835

LR TR DR R R R R R D DR DL DR L DR DL T D DR D R R 2 . 4 +* +
LR I R I B A I I I I N I I I I I I I O I A D D B D B D D D U U DR DR B U B )
L R LN I N I D D T DR D D O B

“« b A A A « + 4 s
\ 1\‘5, -‘ . AN +
LS
‘x SR
L]
L]

R
ot

*
*
*
*
L}

L
*
*
>

-
“« 4 N
“-

+*

- >

L *
- L L]
-

L L B B N

*
LR B B B B N

*
-+

LR D B B N 3

’
*

+*
*
*
’
+*
+*
+*

+*
* PP

+*
L B L B N

*

* PP
* PPy

+*
*
*
+*
*

1 v v % 4+ 4+ 4+~
+* v - +*

+*

‘
]
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
b ]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L]
‘. .

Al

t oh

L
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
b ]
.
]
32

Figure 15

10/11

R E R R A AR A A A A AL AA A A A A A A AE AR E R E R EEEEEEEEEEEEEEEE AR EEEEEEEEEEEE e e & e EE S e e e e e e e e e e e e e e®



CA 02803833 2012-12-21

WO 2011/046652 PCT/US2010/0425835

19

1.6 s44% adiposetissue B =5 i
y 1.3 1
-
0.7 -
U4 -

>
)

E €
&
L 4
L

1;1 ! |
i, (mm)

Figure 16

Figure 17

11/11




G,
O R R R A -
VI, l.'\.\\“.n\.\\\.n%. %
PPELA I ..\\\\ .
2 Ly 4
H

i
A

gy

Figure 1



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - abstract drawing

