“HHHHHHAH R

HHHHHHHHHHHHHHHHHHHHH
$ % & !

HARHHARHAAA AR AR
‘()

HHHHHHHHHHHHHHHH
o +()

HARHHARHAAA AR AR

HHHHHHHHHHHHHHHH
!

/010



AR

HHHH
$ % & !

HARHHA AR RA AR AR
‘()

HHHHHHHHHHHHHHHHH
o +()

HARHHA AR RA AR AR

HHHHHHHHHHHHHHHH
!

/010



/010



. 4 )
)

(
9: 3.94

( 6)!'&
7 1
)
)
7% &) 5



$

)

7$ |

7

7$

&)

7$ |

7$

3+4)

7$

/0

)

7+

9:3.94( 9

32 4(

17



(8 ! )
& & (
| 3 <4 ! (
=) < & 22& T & T7T7?@:&) ) (7%,
) 7
(
2 & & ) & 17$ (
& ) &
(6 ) s, &
) ) - 7%,
) ( ! ) !
! ) ) )
( 7$ 7
) $
! ( 7$ )
(6)!& &

(2 & s,









(ccecceeccceecceeccceecceeecceeccceeruuueecceeceecceecceeecceecceecc e e
+ (CCCceeeeeceeeceeeceecceecceecceeceecceecceecceecceeceeeceeceeree e
+ 2 (CCCCCeecceecceeecceeecceecceeerQeererereerCeerrrrar e
) (CeecceeccceeccceecceeccceecceeecccceeecceecceecceecceeeCceeCeeCe M@
1(9 (CcecceecceecceeecceeccceecceerureeeecceecCeecce e UL

L ( (CCCeeeceececeeceeceeceeceeceececce e
(/8 (ccceceeccc (CCCececececececececececcecce @@
l@. 9: ((CCCCCCCCCCCCeCeeeeeeeeee ceeeececececeececececececece s
1(?, (Ccceeceeceecece (CCCCCCeceeceeceecececececececc e
1617, ((CCCCCCCeeeereereeeeereereeeeceeCeea U mm e
18, (CCCCCCCCCCeeeeeeeeeeec@  crreereeeeeeeceeceecacaaa e
1> (CCCCCeeceeceeeeeeeeceeceeceeceec CeeceeceeceeceeceecececeCeeCe @ @@ e
IC. 7 7 o
" ! ) ! 1B

a9 (CeeceeccceecceeecceeccceecceeraeccceeeceeeeceeCceeeceeCeerre U@«

1¢ (ceccceeecceeccceecceccde (Cceeceeccceecceeccceecceeecceeccceerr e m@dceccic
ddes (CcceceecceecceecceeecceeccceereceeecceeecceeeceecceeeCeeeCeee U mm@eccceedddac
1da 9 . (( (Ccccceecceeccceeccceecceeecceeccceeccceccceccc(ap
@ 9 ((CCcceeccceecceeecceeccceecceaccccceeccceecceeccceeccceecceecceccreea@m@aedceccceecccen
1 (cccccceecceeccceecceeccceeccceecceecccecs

dde ! (Ccccceeccceecceeccceecceecccecccccc/a



/(B (CecceecceeccceecceecceecceeeeceeecceecceeecceeeceeeeceeCeCe e
@ (CcccceecceeecceeccceecceeeLreLreeCeeCerre e e

(@@ 9 (((( (CCcceeeccceeecccceeeecccceeeecccce @

nau 2 e (Cccceeeccceeeeccccceeecccceeeecccccce e

(@@t€e ! e

e®e ! (CCcceeecccceeeccccceeccccceeccccccco

I (CCCCeecccceeeccceeeecceeeeeccceeere e T @1
Q( s,

(Ccceceecceeecceeccceecceeecceecccecrr e T @@ os
@(19 (CCCCceceeeceeeceeeceeeceecceeeeeeecceecceecqeeeeeceeceeceece @ @@ (@B

@( (cccccceeccceccceecccccc (cceecceeccceecceeecceeccceeccceccceccrC@@@@ac
@1 (cccccceeccceccceeccceecceeecreeeecceeecceeccceecceeccceeccceecceecca e @c
@ L (cecccceecceeecceeccceecccecccecccccc@c
e@(@ (Ccceceecceecceeccceec ccceecceecceeccceeccceecceecceecce @ an
@UI(? 173, ((CCCCCceeceeeceeeceeceecceeeceeeceecceeeceeceeeceeceeCeeCee @
@iG 7 ((((« (ccecceeccceecceeccceecceeecceeccceccreeoaeac
@((B ccccceeccceecceeccceecceeec cecceecceeecceeccceecceeccceecccecccce e aaeccecccecccr
@i (cceecceeccceecceeccceecceeecceecceeccceecceeccceecceeecceecceecec e aeccecccececec

@(/(C (CccccceecceeecceeccceeccerueeCecceeeceeCeecceer U@ @ra
@@ (Cccceceecceecceecceeecceeccra e e @ra
@@ (CccceeccceecceeccceeeceeecC  ceeceeecceecceeecceecceecceecceeccmm@ue-
@@ 17% , (ccccceecceeecceecccc cecceeccceecceeccceeccceecceeccceeccceeeeeaccdes



@@@I/7s , 7 (Ccecceeccceecceeccceccceccccze

@(? 9 983 ((((CCCCCeeceereecceecceecceereeeceeeeCeeCeCeCre M mmeCcccees

20178 ¥ )
CCC (CCcceeeecceeeeeeeeeeerer U@

?(19 (cccccceeccceccceeccceecceeccceeqeaceeccceccceeccceeccceecceeccceeccce e

2/ (CCCeeceeeceeeceeeceecceecceecceeceeeeQecceeeceeceecceceeeceeeCeee e
?(/(1 (ccccceeecceeccceccceccc (Ceeceeccceecceeccceecceeccceecceeecceccccsa
210 (Cceceeccceecceeccceeccceecceecccer Qe ke
2(0(@9 (CcceceecceeecceecceecceeecceeecceeecceeecceeeceeecceeCce e (s>
207" cccccceeccceecceeccceecceeecceecccceeccceeccceccceeccceeccceecceeccec e m@eccceccceccse
2(/G (CCCcceceeeceeeceeeceecceecceeeeeecceeeceeeceeeceecceecceecceecee e so

2@ ((CCceeccceecceeccceecceeecceerruurreeccceeccceecceeeeceecce U u ureeceecceeccece

2@1277$ , (el (ceecccccccccececcccee=o
?(@(/ (@@ muuuu e
(@@ 7%, ) !

(cceecceeccceeccceecceeccceecceeecceeceeecceecceeecceeccceeccceccceeccceeccce recceeccceccccea
2(? (CCcceeeeeeeceecceecceecceeceeceeeeeeeeceeeceeeceecceecceecceecceee U aeLceccecddcca

i 2 (cecccceecccec (Cccccceecceeccceecceeccceeccceccceecceee@e@@eccccen
(1 (CeeceecceeccceecceeecceeccceeccreeceecceeeceeeeceecceeCeerCee (e
(/12 (Ceeeceecceeccceecceeecceece  eecceeecceecceeeceeeeceecceeCe M @@ (e

(@rns, 5 (CCceeccec (Cceceeccceecceeecceeccceecceeeccecrr @ o
(s (ccccceeccceecceeccceecceeecceecccecccceccco

((@. 7 (cceecceecccec (cceecceeccceecceeccceeccceecceecccecceeeauos



(22 s, (ceeecceec (Ceeeceeccceecceeecceeccceeccceecceer oo

G178 7 (CCCceeceeceeeceeceecceccune
UGy (Cccecceecececeeeac CCCCCCCceeceecceeceeceeceCeCcc oo
(e (CCCCCCeeCeeceeceeceeceeceecececec e e@aor
+ A @@ ee
¢! -9 + (CCceeceeceeceececcecro@
(+ (ccceeceececc @@y
7$ CCcccceeceeceeceeceececcec®o
(12 7$ ) P (CCCCeeceeceeceeceeceececccros
(! 17 $ -, (CCCCCCCceeeeeeeeeceeceCececao=
(@ s, P (CCCCeeceeceeceeceeceecececccroc
" 7$
(CCCCCCCCeCCeeeeeceeceeceeCerer @@ o
s, ?172. 17 $ ., ((CCCCeeeeeceececcrro
(/91! 7%, 100 F+ ECCCccccccceeeeeeccr1n

(cceecceeccceeccceecceeccceeccceecceeruadeecceeccceecceecceeecceecccee L@
(cccecceeccceecceeccceeccceecceeecceecaeeecceeccceecceeecceecceecceeeceecca e a



G/H (((CCccccceeccceecceeccceeccceos«
5 (ccecceecccec (cceecceeccceecceeecceeccceeccceecceecaeeaeccecccr
s, (cccccceecceeccceeccceecceecccecccccceo
&6/ : (cccccceecceecccecc=?



2 1 2 ( (Cccccceecceeecceeccceeccceecceecccec @

2 I ) (s
2 @, $, ((CCcceeccceeeccceeeccrr
2 ! 3 4
3% 4 3 4 )
+ | | ) ?0; ) ) B107>00
(CCCCCCCCCECCeeeeeeerr T
2 I 5 20; 34
34 +7 ( ) 5 (

CCCCCLCCCCCCCcceeeceeeeerr (@ @@ s
2 B! 34

3((4 311/4 34

3 11/4(
+7
+7
3% 43 30(0;A( (CCCCCCCCceeeeeeeeereeererrrrrrr @ @@@r e
2 > ! 3K4& 34&
34& Lo 377AC(CCCCc CCCCCCCCccccccceeeecc @@ @
2 C"I e} 32. 4(
2.

3 J0(0s4((CCCCeecceecceecceecceccceecceccc e

2 D" + 1 6=9 110 (&
2 10" !
$ ( ) 2CC
) ) SL75C; Caes
2 11"34 | !
(34 ! (

$ 34 34



&
(CCCeecceecceeccceecceecceeecceecceeeeceeeceeecceecceeeCeee e MU rreeCeeCerCCeeeccdre=

2 1/"34 ! !
) +$ 7 7?BC 7 7?@; (34
! ! ) 7
77?BC 7 7?@; 3L Jo (Osa(Ccccecceceeceececeeceececeececceceecececceco
2 1@"34' + o1 2>
7 7?7@; ) (34
! ! ) 2>
7 7°@; 3L 3004 ((L((C (Cceceeceeececeecececeececeecececceca e
2 1?"9 (
(Ccceceececeeceececeeceececceceececcecr e e e e s
2 1" H (CCeececeecececcss
2 1B"34' ?1 72. ) 28
/134 !
?C (Ccceceeceeceeeceeceececeeceececeecerr =0
2 1 ! 34 34
34 ) ! $
I 34 I

3 A(CCCccceecceeccceeccceecceeccceecaeeeeCeeCrerrr U mu M

2 1C" !

( @ ) &2 /7
$, 7% ( @ ) 17
$, /0&70 BO ( )
o; (/7$, 6 &
(@ @ @ =
2 1D" 2
34& 6( 34
(6 34 (((CCCCCCCCCCCCCCCcccccccee e
2 /0" ! 7% 34

3 A ((CCeecceeccceecceeccceecceeeceeurCerrCre M @D



n, - ) GLIOH((CCCccceeccc (Cecccceecceeccceecceeecceeccceecceecca 1o

i ! I +
3124 (((CCCCCCeCeCCCCCeerr e 1o
/@" = +7 .9 210 & 2>

7r?@; ((CCcceccceecceeecceeccceecceed  eeecceecceecceeecceecceeecceeccceeceemacccceecccecao;

N

~ N

7%,

F+

?"

;"
@

/B"
7%,

/>"

/c"

/0

7%,

/00 F+

)!

(((«

?17 2.

(e

! 2>
(CCCccceeeeeeeeeereerrermar«
! 7% , 2>

(Cccccceecceeecceeccceecceeecceeccceccr@@@oc

((((((.((((((((((((((((((((((((((((((((((((IC((I(((
(cceecceeccceeccceecceeccceeccceccceeqaac

100
34 )
100 F+
(Ceeeeeeereeccccccccccc @@y






1) & ) G1H(

2
!
& (2
G1& /H(
! - G/H(
) )
7 () )
) (7 !
3+4 [73$73>7 57/7 71&@7 57 27 4 477 3/7
$ ,4( + 3614
1 + 9:G@H( +7
.9 )
G@& ?H ( 7%,
2 32,4 GH( 2
G1H(
| ) 2, G1H(



) 7

(
)
(! )
)
GB& >H( /7$ & ) )
.
& )
& 7
( )7 L)
! b
) ) & 7!
GH(2 1)
(
G/H(
7 &
& &M N (



Optical Fluorescence
Contrast Agents

>~

Ex. NADH, FAD, Collagen

Endogenous

Molecularly
Specific

/I\

Exogenous

Non-specific

Ex. Acriflavine, acetic acid

: Organic
Nanoparticles Fluorophores

Ex. Au shells-HER2+ Ex. Alexab47-EGF

Small Molecules
Ex. 2-NBDG, PplIX
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1
Molecular Contrast Agents Examples

Agent Pros

Cons

Biologically safe, approved in Europe,
only fluorescent after metabolic
processing, shown to apply to many
different cancers

Enters cell through known mechanism,
influenced by known cancer
mechanisms, cheap

Known to remain in cells over long
period of time, influenced by known
cancer mechanisms

5-ALA

2-NBDG

NIR-DG

Alexa647-EGF Fluorescent in long wavelengths

Optically tunable, specific to known

Aushells-HER 2+ .\ or mechanism

3+4

G@& ?& 1?7@CH )

9:3.94

G?&1?7/D& @17@?& @B& @>H( . 9:

()

Incubation period
is long

Fluorescent at same
wavelength as FAD

Expensive, does not enter
cell through known
mechanism

EGF is not expressed
in all breast cancers

HER 2+ is only shown
in 20% of breast cancers
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Sample Size Definition #lmages 4pjates  Total
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Integrated Treated 1 Sample = Avg. Intensity ¢ 5 12”F|>_e"
Eliioraseanes of all cells/image cellline
Intensity Untreated 1 Sample = Avg. Intensity 6 ) 12 per
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Normoxic Control (n=3)

Day 1 Day 2-6 Day 6
Implant Window ||Animal Recovery |[|Obtain baseline,| Inject 2-NBDG Image
chamber and time for and hb sat  [100 uL at 200 ug/mL 1 image every
Saline injection tumor growth images 5 minutes for

! 9 9 approx. 60 min.
Normoxic Tumor (n=3)

Day 1 Day 2-6 Day 6: Imaging
Implant Window ||Animal Recovery ||Obtain baseline,| Inject 2-NBDG _Image
chamber and time for and hbsat 100 uL at200 ug/mL | 1 image every
250,000 cells injected ||tumor growth images 5 minutes for

approx. 60 min.

Cycling Hypoxia Normal (n=3)

Day 1 Day 2-6 Day 6: Hypoxia treatment Day 6: Imaging
Implant Window | |Animal Recovery Incubate cells Obtain baseline,| Inject 2-NBDG Image
ch.am.b.er » and time for Hypoxia (10%02) Normoxia (21%02) Repeat Cycles an_d hbsat  [100 uL at 200 pg/mL 15 i;ﬁ;%?ezv;rry
Saline injection tumor growth (60 Minutes) (60 Minutes) 3X each images approx. 60 min.

Cycling Hypoxia Tumor (n=3)
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Implant Window | |Animal Recovery Incubate cells Obtain baseline,| Inject 2-NBDG ‘Image
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