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Abstract

Despite advances in cancer diagnosis an 1 #-catment, uvarian cancor remains one 1 the m=:t fata.
cancer types. The development of targeted nar spartic!. imagin, pro.es and the rapratics « ffe's
promising approaches for early detection anr. effr ctive treatment of o sarian can-er. ™ tl.is stud;,
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we have developed HER-2 targeted magneti > irc 1 oxide nanop-.ticl.s (IONPs) by ~on ugacnng »
high affinity and small size HER-2 affibody that is !»hel~2 with a unique near infrared 2, ¢
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(NIR-830) to the nanoparti~!~=. Ul a vuically re'evant orthotopic human ovarian tumor
xenogr>f. moder we have . hown that II0R-2 .argeteu IONPs are selectively delivered into both
primary 274 (isse ninated ovarian tumure, enab’.ng non-invasive optical and MR imaging of the
t.auors 2 sma.l as ' mm in the peri oneal c.vity. We have determined that HER-2 targeted
delivery o “the 1IN s is essentis; for svecific and s<.sitive imaging of the HER-2 positive tumor
since we -2 unable « detect the ir.agine ~.gnal in the umors following systemic delivery of non-
t. rgeted IONP~ into th.¢ mice bear.ug HER-? nos1ive SKOV3 tumors. Furthermore, imaging
signals arz the J2NPs are not detectca in HEK -2 lcw exrzoss 'ng OVCAR3 tumors after systemic
delive.y of *1£R-2 targeted-IONPs. Since HER- 2 is expres-_u in a high percentage of ovarian
cancers, wiwe neK-2 targeted dual imagg modalit;, 1ONPs h=~ ¢ potential for the development of
nevel 2222000 nuaging and therapeutic roaoparticles for ovarian cancer detection, targeted drug

delivery, and image-guided therapy and sursory.
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1. Introducti sn

Ova.ian cancer is the fifth leading cause of canc~. aeath 2~ - mg women. The disease is
typice \ly wsymptomatic +1i advaced stage *.L13] A1sence of a1 anatomical barrier promotes
early s;wcad of *l.c cancer ~_is to the peritoneal cavity.[*] C»w..cntly surgical staging and
resection fr lowes Ly chemotherapy are the stand=-. regimen .~ ovarian cancer.[’]
However hes¢ therapeutic anrzuachi=s are not ‘erv ~Zective fi r ac'vanced ovarian cancer
and the fiv >-ye.r surviyal rate of tiie patients is only 30%. "1 The efore, there is an urgent

need to deve!op novel ~,proaches for early deteci on and ~Zecuy = tre atment of ovarian
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cancer.

The major probi>=z I the vunica’ man» sement of ovaria= cancer ¢.. 22rly detection,
accurately staging, sensitive < otectina of disseminated tur.ors mn ‘he peritc neal cavity, and
chemoresistance.[”] Targ 'ted in-.ging probes for non-in rasi-, e 1 ag g hav : potential to
enhance specificity 2.id ser.itivity of cancr dctection as weil 25 assist ir accurate tumor
staging for selection « f .reatment strategie=. Co11bination vf nov<i intraor erauve in.2ging
devices with targeted imaging pr=Les should allo v image-gaided ~uigery for co mplete
removal of cancer lesior , auring th2 uebulkin," sw 3ery. Curre atly. coaolinit.. ¢ w* ost
enhanced magnetic reson.w.ce imaging (MRI) an” covmputed tome graphv 7 1) are 117ou for
the detection and staging of ovarian car~.,.t°! How= er, they lack uesirable ,p¢ ifi sity and
sensitivity for non-invasive turor 1magin< und are not adequate or i nage-gii-~ surgery.
PET/CT has been used for pr. or~iatve co.cer imaging but it is no. sui’able for
intraoperative imaging due to the us~ of rad*Lacuve racers and a lov spraa. reolv.ior to
determine the location of ovarian ‘amo-s.[8]

)duosnuep Joyiny vd-HIN

The human epidermal growth factor receptor 2 (FZR-2/7.eu) is overexpressed ir .uany
tumor types including ovarian cance~ (9~ HER-2 *us been ~. nsidered ¢ s an imn=. cam
biomarker for the development of tumor targeted inzging and t rerapy ageurs.|!8] HER-2
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targeted nanopar+~!22 7. o.¢ pruuucea usn g monoclonal antibodies against HER-2/neu and
their ¢ ffects on t /mor imag'z_ wau argeteu therapy have been shown in various animal
tarror 110dels.[19 201 Re cem'y a HEP.-2 specific affibody that is based on a 58-amino-acid
prot in s-affold with the »inding affinity at a picomolar range has been developed as a
targei'ng \‘gand for th. prod.ction of ont’_al a1 d positron emission tomography (PET)/
“naging Lrobes.[2172%" Padiolak<ied HER-? artibody has been used as a PET imaging probe
in c¢!aical #.1als for detc.ninatior < f the level of HER-2 expression and for monitoring
.espor.e to HER-2-targe “_u therapy in b east ~ucct patients.[23] This small size high
a*mity ligand is an excellent candid= ‘e for engi»-oring compact size HER-2 targeted
uanoparticles wi h the ability or multiv-icat and bizl, Affinity binding to HER-2 receptors
Zuu promoting efficient intein~lization of *L.c nanoparti ~le-receptor complexes. HER-2
affibody has been conjugated to ~.uoparticles such s quantum dots (QDs), iron oxide
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fwnupartictes (IUNP ), and pol /me:ic nan ar icles.:*0-2 1 HER-2 affibody-QDs have been
<howr Lo v o€ to “electively accumulate .1 sv ycutaneous human ovarian cancer

xe1 ogr. ft- m nr e mice and were detectable by optical imaging.[26] However, in

subc utaneor.s ovarian tumor models, it is .uclear wheher the HER-2 affibody-nanoparticle
i7, able *u target both primory and meta tatie cancer . ssicns for sensitive tumor imaging and
¢ oient delivery of th_.apeutics. For :lin cal transl.tior s of HER-2 targeted tumor imaging
an i therapv ~pproaches, this is an impc rtant 1ssue to ¥ ¢ considered in designing a targeted
nanopat ‘icle as well as in conducting preciuuicar studic, in animal tumor models.

IONEF : have been used ‘= numar. patients a: non-“.geted VIR :ontrast agents for the
detectic. of livz. cancer o iymph node metastases.[2%- 301 7w wer, such an approach relied
on the enri.hmer? of the nanoparticles in normal +:,sues that cic~ted a contrast in the tumor,
which lac ied < ensitivity and <, ecificity. IONP: with uual optic al a1d MR imaging
modalities have heew Gevelopes Ly labeling fluorescencs uye me’=cules to IONPs,[31-34]
Cross linkea ‘ron oxidz (CLIO) nanoparticles wit.» a dext-.u coav'ng vere the first dual
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imaging probes that were coniugated with tumor targeting lis~..us, er abling tumor specific

18. 133371 Several other targeted dual

optical and MKk imaging in several anima, tumor me~c
imaging IONP probes with varirus po’ymer surface ¢ ~.ung have also be>n developed for
tumor imaging.[334% hoywever, m st previous studies, i icluding vurs, use 1 Cy5.5 NIR dye
either directly labeled c.ito the 1ONPs, [37 #1 or on targ stin 3 ligands “hat v ere conjugated to
the IONPs.[33] Cy5.: dye lLias a maximal einiss.on wavelern~*th of 697 <., which averlaps
with body background fluorescence er..ed by L. emoglobii , ~.ud therefrzo, has a relaiively
low sensitivity in tumor imaci,g.>! To ir<.ca e sp cificity and -cnsitivity o~ tur 10r imaging,
we developed optical ani' MR Aw.a1 imaging Hi'™-2 targeted 11agr ctic IONP: by conjuating
HER-2 affibody (Zggr2:342) targeting ligande Ziat w2re labelec with = unique nea. infrared
(NIR-830) dye to amphiphilic polymz.-coated "2ivPs. A major a wvant2zo of th.,
nanoparticle is that NIR-830 uye-label~J targetine ligand with ex ~itar on/eZ.ussion
wavelengths of 800/825 nm, ¢..veloper uy our group, enbles optical ‘maging >t u < tumor
with high tumor signal and low bac’igror..u noise, wi.ile n agnetic IONFs prwi e stro1g
MRI contrasts as well as efficient drug carriers.[*!] In - his  tudy, we ¢>mou: troted *.e ability
of systemic delivery of NIR-830-."qgk:342-IONPs 4 tare eting primary and metast=lic
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tumors in an orthotopic human ova.ian caucer xenogr-.it model using NIR uptical and T,-
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results support f=+kcr 20, iopent of th1s HER-2 targeted IONP as dual imaging modality
probe.’ and thera10stic nan~po.toir .

2. Rzoulte
2.1 Chare cte.izati.>~. of NIR-83(-Zpyr 32:342-10" s

To de’ermin : the sensitivity and specif city of HER-2 targeted IONPs in tumor targeting
r,mg ozdcal and MR invacg, we jrodiced twe £ pes of IONP conjugates. HER-2-targeted
10™Ps were generated by conjugatin ; ter. HER-2 = fibody molecules (Zygr2:342-Cys) that
were =2 Javelec with one NIR 550 dye n~2 dER-2 affibody to one polymer-coated IONP
(NTR-R22 7\ 2:340-IONP) as d=,cribed in Eaperimer tal Section (Figure 1A and
Supporting Information S1). Contr~! non-targe*_u 1IN} s were produced by conjugating ten
NIR-R2N- -~ 128 10 bovine scrum 2™ um'n (1'SA) ¢nto one IONP (NIR-830-BSA-IONP).
The IONP coniigates were fully characteri.ed 1r thei- particle size, stability, and binding

yduosnuep Joyiny vd-HIN

spocificity Dyna~uc light scattering (DLS) measurement showed that the hydrodynamic
dia1 eters of .on-conjugated IONP, NIR-82" -2 jgr2. 12-IONPs, and non-targeted NIR-830-
BCA-IOMPs were 14 + 5.4 nm, 18.2 £ 7.6 nm, auu ?2.9 + 4.8 nm, respectively (Figure 1B).
“argoted IONT s were st~Lie at 4°C for mc e than 6 r1on hs in pH 8.6 Borate buffer and
retainod the sarie nydrodynamic size. The Z~*2 potental value for non-conjugated IONPs
wa. —3C.3 £2.99 mv. After conjugating vi*th 7- x5.34» ~.d BSA, the values of zeta
pote.tial. increased to —30.9 + 0.69 mv and —3?.+ £ 1.15 - respectively. Spectroscopic
meast tem *nt of the NTP. 630-Z} gro.342-IC'NPs L,owed ti at t] e NIR signal peaked at an
emissic.. wave!_ugth of 25 1o 830 nm (Figure 1C). Resul*z ur Vestern blot and
immunoflvorescei.ce analyses showed a markedly lugher lever ¢ HER-2 expression in
SKOV3 hima 1 ovarian cance: cells zompared ‘o O%'CAR3 ce Is (“igure 1D and E).
Incubation of N'R-225-Zygrn 5.,,-IONPs with above ce'ls 1ed to “ae binding and
internalizatio of the rzuoparticles in SKOV3 bui not in Zv CAR3 cclls, which was
validated by Prussian blue stainine (Fiorre 1F). However, inc:uatior of both cell lines with
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non-targeted IC NPs showed very low levils of Pruseiun blue st~.uing (Figure 1F).

2.2 Targeted delivery of NIR-830-7yg, 2:342> :ONPs into primar, and n.eta: tat.c tumors

Sensitive and specific ~etection of ovaria.' cai cers is on oi the n 2jo. chal.enges in the
clinic because of the 'oc~on of the primai 7 tu11or deep in e pelvie wad Ai, erination of
tumor lesions spreading in the peritor.ai cavity. ‘We establi.'».cd orthot~ic ovari=z. wamor
xenograft models in nude m?_¢ (Suppert.ug L fortation, S2) t~ preciselr cvali te the
efficiency of targeted nar opar*i.ie delivery inte primary and 11eta static tumo 's. 10
determine if non-invasive NIR optical imasi-z nas s fficient seusitivity to detect s nall
ovarian tumors in the peritoneal ca ..y, tumor-*caring mice at 1 :.nd 2 =, ¢eks fouowing the
cell implantation were inject.d with MIx-830-7 ~ 145-IONPs. Ve 1ourd that the corly
stage tumors with diameters ox | to 2 *..m were detectab, > by non-inv.sive NIi" op.ica
imaging. We detected a tumor sign .l to Fudy backgro.nd (S/B) ratio of .6+ 0.0¢ (n=>, 1
week tumor) or 1.9 £ 0.37 (n=3, Z wer k tumor) folds, sugg esting that he se ec tive

)duosnuep Joyiny vd-HIN

accumulation of the NIR-830-Z; v2.3. 7-IONPs in “ue tu aor allowed sensituve inging ot
small ovarian tumors (Figure 2A). ."x vivo optical im~ging of the tumor ¢.u normal =: 5 ns
confirmed the presence of a high level o1 u.c uptical <*cunals in the tumor. .~ normal orgaus,
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the signal was fo=2 i {LC hiuucy and v 3r but not in any other organs (Figure 2B). We also
notice 1 that signal intensiti~s o1 e aver ~ad kidney detected in ex vivo imaging were

ust ally higher than that of n o invas?ve imaging. The presence of the IONP positive cells in
the \1mc - tissues was fur her ver'.ied by Prussian blue staining of tissue sections (Figure
2C). .\s e pected, the liver »..d spleen shz wed 10n-specific iron uptake, most likely by
lupffer ~¢i's or macrop'iages (Figure 2C) ‘“athough strong optical signal was seen in the
kidr_y, iro~. staining w< - negative n th> kidney tissue section. This may be due to the renal
<leara~.ce of free dye mc'.cules or b -eak lowr z.ocucts of targeting ligands, and the lack of
p~a-specific macrophage uptake of 1+ = IONPs ir ‘e kidney to retain the nanoparticles in the
ussue sections. }'owever, or*.cal signal~ produced -, small tumors in non-invasive imaging
a2+ n1olowing the nanopatLie injectie were still 1 2 to 1.6 folds higher than that of the
kidney (Figure 2A).

yduosnuep Joyiny vd-HIN

Next, we invectipatec target specificity in tie acvance 7 ,wage tumors by injecting NIR-830-
Zt,5vR2: *47-"IONP< n the tumor bearing mice at 6 weeks or above after cell implantation,
whi :h have Futh primary SKOV3 tumors ov'.: o mu. ‘n diameter and metastatic lesions.

N~ a-inv-.sive NIR ontiZa. imaging shovved th= suuges. signal in the primary tumor with an
/B atio of 7.2 = 1.19 (= J) and 2.06 = 0 /5 fold hi shes signal over the kidney (n=3)
(Fieue 3A). A4 nonally, small metas tatic 1~=*Sus in tlie peritoneal cavity were detected in
opt cal ‘inages obtained from both dorsai c»d ve=i,al sidz, \Figure 3A). All five tumor
lesic1s si own on BLI could also be identified k; non-inva.:ve NIR imaging (Figure 3A).
Small met static tumore .u the p >ritoneal c witv <L,owed 2 1 tc 2.5-fold higher signal
compai .u with Lody backz.ound signal. Ex vivo organ im22.ug showed bright NIR signals
in the large prim~.y tumor, a small metastatic tur<, (~1 mm), .= kidney, and the liver
(Figure 3..). P ussian blue st~Z,ung 13vealed th * preconce of 1€ NP positive cells in both
peripheral wnd c>ntr=i wumor ar.s (Figure 3A). High m~ uificati- .n microscopic image
demonstrated internali—auon of the IONPs into th * tumor Zculs (F'gur 2 3A). IONP positive
cells were observed in the liver and enlean but not in the heart .ad kivney (Figure 3A).

yduosnuep Joyiny Vd-HIN

[42] we

Although pulmca.y 11eta. 1asis i a rare event in hun ar 2 varian ca ooy natients
were able to detect the .'1ing ~.ctast>,1s in the tumor beari-.g mice by C'.I a5 well as NIR

optical imaging after ini- cting *«IR-830-Z+; .1 2:340—1ON Ps /riguve 2B>. Ex vivo imaging and
histological analysis vy H#.¢£ or Prussian vlue taining fu:-the: demonstr-.ed the presence of
the iron positive tumc ~ cells in the lung (¥ gure IB). Thus, our ~_sults sun yort the te ~sibility

of targeted optical imaging of o*".i1an cane~. usir.g NIR-83U-Zp~ (».342-IONPs

2.3 Specifically targeting and optit =: imaging of HER-? J rerexpressi: g ov2~ian tum~:s

Identification of biomarker expressior .u the tum<, using molecv.ar imacag is ~.portant for
personalized treatment of ov~.ian cance~ patients. To determine v het, er tarZ wcu ninaging
using NIR-830-ZygRr2:340—10NTs 1s abl< 0 distinguish between the H1xR-2 ov.ic. ore. sing
and HER-2 low tumors, we used SF.OV3 ~..d OVCAR3 h iman ovar an :ancer er.ogr ift
models. Optical imaging showed * tror 2 signals only it the mice beat ng ... h HER-Z
SKOV3 tumors but not in the OV ZAl 3 tumors (Ficure 4 A and B).

)duosnuep Joyiny vd-HIN

Signal intensity was 1.73 fold higher ‘n SKOV3 tk_. that ~T 0 VCAR3 tumnor. 2 luitiona'ly,
renal clearance of cleaved NIR dye conjugates is ~ common fe-.cure in our study, which
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attributes to the ~r*:22! Liguar wi wie Kidney in both non-invasive and ex vivo optical
imagig. Since tie anatom’<al luve .on of the ovarian tumor in the mice is in the proximity
‘v he kidney, there is a yoss bility th-.. kidney signal might interfere with tumor imaging.
The.efo1 2, we compared ‘he opti-al signal intensity in the tumor side of the mice with the
non-t 1mo ' side, wher< the ozucal signal -, as l1 -ely from the kidney. Optical signal intensity
~vas 3.3 2.« 28 fold haxbor at the side with TT=R-2 positive SKOV3 tumors than non-tumor
side (rigurs 4A, n=3). 7 a the oth~ " har d, HER-2 low OVCAR3 tumors only showed 1.4

= 0.15 (o0ld increases in : ignal inten: ity 11 the *..uc* side compared with the non-tumor side
(Figure 4B, n=3). Our results sugges? >d that tare-.cd delivery of NIR-830-Zygro:340-IONPs
was more efficie 1t in retaini=g IONPs i~ 1ER-2 n~zive tumor cells than non-specific
Lanuparucle delivery into the «2,oma of th 1ER-2 low tumors by the enhanced permeability
and retention (EPR) effect.

yduosnuep Joyiny vd-HIN

Additionallv «~-stemi : delivery of NIR-83( -Zgyy ro:342 - ZONPs was able to target HER-2
poritiv » tur.or celis in the ascetic fluids. 24 11 after the nanoparticle delivery, ascites

coll »cted fro~.i the mice bearing SKOV3 tur.urs naa = strong NIR signal (Figure 4C). In
cr.trast ascites collec*_u from the mic~. beariz.z 1(iFR-2 low OVCAR3 tumors lacked NIR
tignza (Figure +0).

2.4 Importance of a~uve targeting to HER-2 in «.~cumu!~uon ~f the receptor targeted IONPs
in the tumor for sen.itive imaging

It is g ner: lly accepter wuat nanc particles v-ith = size <10( nm can pass through the leaky
tumor vasculr*ares and ~zcumulate in tumor interstitial ar-us by the EPR effect.[43] It is
likely that nanv .umor cell-targeted nanoparticles utilize the sai.= mechanism entering into
the tumor if th : cell surface “.igets a e not expi2s<_u 1n tumor 2nd Hrthelial cells. Since tumor
endotheliai cells 2= .0t overevpiess HER-2 and murir~ 11ER-2 i; ot recognized by human
specific HEK ? affih- iy ZyEro.342, we wanted to deter=..ue the 1>le Hf the EPR effect-

yduosnuep Joyiny Vd-HIN

mediated intratumoral deliverv in HED 2 targeted tumor im~_2ing. Tv. 0 non-targeted I[ONPs
were used as ccntrol IONPs. NTR-220-BS A-IONP h. s NIR-82J-dyes conjugated to BSA
molecules and NIR-83)-IGNP s the aye directly co.jugated to th » surioce polymer
coating of the IONP.

To determine the eff cienc;, of active targe ing 1sing HEK ? auibody o+ whe delivery and
retention of the IONP | 1n tumors, imagi~ signa’'s and IONP d:,uibutior< in the mi-.
bearing SKOV3 tumors follow..g admini<i,a‘ion »f NIR-830-7:,:r2:340-1"NP. , non-
targeted NIR-830-BSA-,ONPs o~ 1v1R-830-ICNP;, were exan inec. NIR optt al iluaging
showed significant signal increases in the tume~z, ot *he mice t. ~% receirou NIR-827-
ZHER2:342-10NPs (S/B ratio: 2.8), but .ot NIR-R?5-BSA-IONPs 3/B rat's. 1.4) L1
NIR-830-IONPs (no signal i~ we tumor} (rigure 5 A, B and C). "he ,nice i cowea ith
NIR-830-BSA-IONPs have h. -, oody Fuckground (Figore 5B), while (e mic - uy>cte 1 with
NIR-830-IONPs showed the highes” level L1 optical signa. in the livir (Figu.e £ O
Similarly, ex vivo organ images st owe 1« the strongest T [IR ignal in tl € tuu.r of the .nice
injected with NIR-830-ZygRr2:342 ION Ps but not NI™.-83(-BSA-IONPs, cuzzesting “pocil’'c
accumulation of HER-2 targeted N'R-85C 7, 1;r2:342-7UNPs in the tumor (F.gure SA ana

)duosnuep Joyiny vd-HIN

B). Moreover, BLI and gross examina..~n of th< yrgans ~_vealc d the prescnes vra thinl v
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of disseminated +*cr L lls un wie surtace of the spleen, kidney and liver, which was also
confit med by poritive apticz! vigue s (Figure SA and B). Prussian blue staining showed
setetiv e accumulation of th » MiR-823-Zygr2.340-IONPs, but not NIR 830-BSA-IONPs, in
the i\umc s (Figure SA an1 B). R-sults of this study support the role of active targeting of
HER-: 2 or. tumor cells in the cnrichment <1 the nanoparticles in the tumor mass for sensitive

£amor iraging.

2.5 vual mod ality iaaging of prin 27y and n>etastatic ~v.arian tumors using N/IR-830-
ZyER2:347 -ION"s
NIR dye-labeled TONPs ha ¢ advantas.s of tume~ in.ging using both non-invasive optical
ana MR imaging, and intraoj Z.ative optizar imaging. 15 determine the sensitivity and
specificity of NIR-830-ZygRr2:~,,-1ONPs as N'RI cctra: ts for tumor imaging, MRI was
periormed prior to a1 d after the 2~..unistra‘ion »f the targ ted IONPs. SKOV3 tumor
oearin ; mice ‘aat re_eived NIR-830-Zygro: a~- .ONPs showed strong optical signals in the

yduosnuep Joyiny vd-HIN

tun-or t v aon-i~.vasive optical imaging (Figure 6A). To-weighted MRI revealed a significant
MR signa' decrease (dark contrast effect; in the tumo. 24h after administration of the
“anopr.tcles, indizuung & >cumulatior of th.c [ONPs in 1he tumor. We found that there was
a» averac: ot 16% sizual decrease in he (utire turor (s cudent’s T-test: p=0.0004, n=3)

(F gure 6A>. ivon-invasive optical imaging also deter.ed diffused signal in the low

peri‘one im. Comparison of pre- and post-MK 1mage- evea.ed multiple ~1 mm size round
areas that had bright contrast- ..* the pre-MP. image bi* ~hang »d to dark contrasts in the post
MR in age Post-m~ziem gross caaminatior. ~.u BLI of th. «udominal cavity revealed the
presence of *..etastati~ umor lesions with 1 to 2 mm si~_ on the mesentery of the mice
(Figure 6/.). Prussian blue staininc; »f tissue scouons obt~iucd from disseminated tumors on
the mesen ery lemonstrat<a the pres.nce of the ZUNPs in the «umc r cells in the metastatic
lesion but 1.0t in e nearbv L.uestinal mucosa (Fign=z vA). Howeve, we also found that it is
very challenguu ‘v waentify numerous (< 1 mm) a’ss~Z.unated tur 1ors on the mesentery

yduosnuep Joyiny Vd-HIN

when comparine vk <o L - auu post NR images. As a = gative control, MRI scan was
conducted in SKOV? fumcr Loain- g mice injected w th NTP. 630-B<A-IONPs. There was no
MRI contrast change v.siblc ir cume tesions (Figure 6B)

In addition, after syste~.ic de'ivery of NIi -83)-ZygRro.3.2-1INPy opucal ‘maging detected
strong signals both i1 the primary and met: stati> tumors in “he gallb!zader T o> 7A).
Analysis of the To-weighted MR im27. revealea significan - ~.gnal dec-_ase in the
gallbladder metastases (18 #°5 of MRI ~uutra 't de~rease, p=0.°Z) (Fign=2 /.3) ‘listological
analysis using H&E and °rusei.u blue staining confirmed the ore: ence of me “astatic tu.mors
in the gallbladder and delivery of the IONP« Z.it0 the tumor (Figure 7).

3. Discussion

Ovarian cancer is one of the few car_er typez wat surgica'ly remova’ of *ie bu.k of the

tumors, even when complete surgi ;al rsection is impc ssit e, has shc wn surv 'vai ber cfit in
. . . <

the patients with advanced or rect rrer t diseases.[** 4™ He wever, curre.t ap ¢ zones for oie

)duosnuep Joyiny vd-HIN

detection of primary tumor and as: essn.>nt of 4:,semin~..ed tumors do not havz sufficier:
specificity and sensitivity to detect s all tumor le<iuns insiZc ihe periton-al cavily. [he
development of novel imaging approaches for prezperative det_ction and staging of the
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ovarian cancer »» 27 L .uzo-gulaea surg ry, such as receptor targeted dual imaging
nanogarticles, sk.onld have =~ . ca - apact on the effective treatment of ovarian cancer.

Opt'cal maging is a fast, simple, ~ad inexpensive imaging method that can be translated
easil) intv intraoperativc ima<.ng in the cli=.c. Recently, the feasibility of optical imaging of
tmall uvarian cancers usi.g fluorec.cin isothi< yanate-labeled folic acid probes has been
deme-strate 1 in human rz.ents.[46] T¢ improve sensitivity and specificity of in vivo tumor
i~aaging, various targete 1 NI optical irvaging n2hes have been developed and tested in
aniznal tumor models.[23: 47- 48] Resu ts 0. our studs showed that systemic delivery of

NTP 025 ZHER?2 342-IONPs en~Lied optic~! imaging ~f HER-2 positive ovarian tumors as
small eo 120 2,0 and loca ed > 1 cm deen .. the peri‘oneal cavity. Since each IONP only
has ten NIR 830 dye molecules and .. wotal of 4 .unc 1 dy * equivalent of IONPs were

yduosnuep Joyiny vd-HIN

adminictroted 122 ch mouse, the fr!J in-rea. es (1.4 to ..5-folds) of the NIR signal to body
backgronnd ~kezryved in 1 to 2 mm tumors Yy non-inv. <. ve imaging suggested that sufficient
an oun s of «ne n-aoparticles were delivered mto the tumor for sensitive tumor imaging.

Alti ough the inajor limitation for the applic=uons o1 7ptical imaging in humans is its low
seLsitivity in detectine tu.mors located reep ir dic L0dy, the sensitivity and detection depth
e unstrated L. this stu; should allo w ir araoperati- e ic entification of small tumors seeding
on th_ surface ~7 e omentum and me ente =5 well 75 embedded inside normal tissues or
orgns ;i 1 the abdominal cavity by intraopo+ative Jptical “... ging in human patients.

How =ver due to the clearance of NIR-830-dye ~unjugates .~rough the liver and kidney and
no-spucific uptake of th< uanopa-ticles by inacrezliages ir the liver and spleen, optical
imagin_ may r~. oe able *< sensitively detect metastatic tr=.or ells on the top or inside the
liver, splee 1, and L.idney within 96 h following th- ..anoparticic “jection.

MRI has h'gh snatial r=;uiution a2 aepth for ovarian can~<, 1mas,ing in humans. Magnetic
IONPs geneate strong T, and T*,-contrast for ML It is 2 Zias” 0ot Miocompatible,
biodegradable and low toxic nanoparticles. The de -~ciopment of “ae d 1al NIR and MR

yduosnuep Joyiny Vd-HIN

imaging probe: suoula allow detecting o\ arian cancer *.ig two iw.aging modalities that
complement eacl: v . Oir resu’’s deronstrated tha: T- weighted wvi' was able to detect
orthotopic primary ovaiian i.nors ~.s well as identify peri.oneal 1.2ewa.tatic lesions by
comparing MRI contrast chane_s. Thereforz, ‘argeted M RI "ias | otenti-] fo - early detection
and accurate assessn: ent of disease stages, whi °h are critical v, clinical ianagement of
ovarian cancer patien. -. However, for MP.I of tu mors in the periiuneal cav ity, one p: ~blem is
that “negative-contrast” in To-wz;gnted im~_'ng . as a relatively 2w sensifivity in an
abnormal area that has . w backerzund signal. fre n surrounc ing f7gans, e.g , u1> Livar,
spleen, or artifacts from n.ovement of the gut. N=w MRI imag ' n¢ .nethe-, are unde:
developing in our group using Tj-weicticd MRI »=.4 ultra short T imagi~ . se.w<..ce to
overcome this problem.[4°]

To best of our knowledge, current stuy is the 5,50 ¢2 app'y receptor- arge e 1 d wal 1 nay ing
nanoparticles for the evaluation of nanc particle targeti1g e ficiency, .'\nd the s 2nsicivity and

s

specificity of NIR optical and MF im: ging of differer ( sta zes of ovarion turio.« {carly o~

)duosnuep Joyiny vd-HIN

late) in an orthotopic human ovari n cancer xen~zraft e odel. Our results deme~wrated tho
HER-2 targeted optical and MR ima_ing can detec* small ar2 arge prim. ry tum~z,,
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peritoneal dissem™ =222 luiauis, ana metastatic tumors in the gallbladder and distant organs,

such ¢s the lung.

At rescnt, the role of ac iive targe’ing in intratumoral delivery of nanoparticles is still

conti yver sial.[5% This i, largely due to the .\ that both non-targeted and tumor cell surface
110lecule-* rgeted nai op-.cicles erior into turor interstitial space through the leaky tumor
vascrlatures mediated by tiie EPR effe -t or passive targeting. [43:31- 321 However, results of
rur stuy clearly showel tho. active targ ting of TTSR-2 receptor on tumor cells is important
for accumulation of sufficient amour's o1 we target_d IONPs in the tumor for sensitive
tnmes 2 g, tis likely that “le bindine wnd internalization of the HER-2 affibody-IONPs
in HER 2 -, (ssing tumor -ells, us observe< in the tu nor tissue section by Prussian blue
staining, facilitated retention of the GNP in th< wn or. upporting this conclusion, imaging

yduosnuep Joyiny vd-HIN

sipnale and IO - ere not de'ected *2, i 3R-. posit ve tomors after delivery of non-
targeted TONP- or in {ER-2 low expressiny’ tun or fol'~wing administration of HER-2

ta1 zete  [O2«Ps. Vvithout the binding to and veing internalized into cells, those small size
nanoparticles (18 to 20 nm) could be cleare< vurt 1ru..~ the interstitial space in the tumor in a
re’atively short time. T"..1.ke big subcuf.neors (uinors with a high intratumoral interstitial

} res~are, orth.opic ovariun tumors w:re lighly inv'.sivi: and readily disseminated into
surrounding tisewues and the peritoneal ~avi, TlLe tum-~r interstitial pressure may not be very
hig' to ;enerate a strong retention effect v thoez small = oparticles as previously reported
stud. =s u.'ing larger nanoparticles in subcutane~w.s tumors.

Althou~t 7{ER-? Luubody r~ artibody has been used to deve!~)» optical, PET and single-
photon emi~sion cr~.puted tomography imaging pretos in sev-.al other types of HER-2
over-expr ssin 2 malignant tume=,, - 3> 53 341 N'R-830 Zipro-3 12-1 ONPs offer several unique
characterit tics ‘hat are =, c1l-suited Zur applications of molezular ir.aging for the detection of
ovarian canc ers. First, ar .iribody has a molecule~ weight ~ £ wa, v'hich is 25 folds smaller
than a whole IgG antibody (150 kDa). About 2 to .’ untibodies c~.a be conjugated to a 10 nm
core size nanoj aructe. However, over 50 »f affibody m=iccules c~.. be conjugated to one

yduosnuep Joyiny Vd-HIN

nanoparticle. Sii.ce di bin ung atinity ~r HER-2 aft.ho;, s in the piccmolar range,
excessive amount of hig h a1 “.aty i_ands on a nanoparticic may .te>re  vith intratumoral
distribution of the nanor.rticle~. We conjis..2d 10 affil ody molacules to ¢ ach nanoparticle
to achieve adequate 'sindir_ affinity while faci.itating mu'tivaicut bindir 2 to cellular
receptors to enhance i ~ceptor-mediated i=‘crnalization of te n~z.uparticle :. Additio- ally,
selective accumulation of HER-? wargeted = 1opaticles in the tu=.ur by the EP R effect and
internalization of the nai vparticle :...0 HER-2 2ave -expressin ; tur o, cells i12.e ©2 womor
signals while having a mi..imal body backgrour< 513 nal that n.av Le ger-.ated by » low
level of HER-2 expression in normal fi,ues upor Zdiivery of ant'body or ~.aub
fragment-based probes. For evaunple, NIP. uye—labeled HER-2 a.tibc dy, tract:..:22b, has a
blood half-life of 5 days follo vi=g syster.ic delivery,=" which can incr_ase the 'z==1 0. body
background. However, Kupffer cells i the ';ver ana macr yphages in the splien are only
normal cells non-specifically take 1 up aanoparticles di e tc the leaky sinuz~‘aal cleft..
Furthermore, HER-2 affibody-ba: ed ¢ ntical imaging prob : has only onc -t >ri.unal ey weine

for labeling one NIR-830 dye. Eac\ NIR ®30 7 yppo.2-,-IONP has multiple "I=R-2 affibody
molecules (~10) that increase the dyc ~oncentratisa in the (umer cells and enb.ace signel

)duosnuep Joyiny vd-HIN

intensity.
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Although HER-? ~vrc2i ucosion 15 well-('ocumented in ovarian cancer patients, HER-2
antibc dy monotl eranv in ¢'iical v als shuwed a poor therapeutic response. 5571
Tu>refc re, new therapen tic < or.oach~s targeting HER-2 positive ovarian cancers are

urge tly needed for impr.owving s vival of these patients. Currently, we are developing
NIR-30- “4gRr2:342-1>NP a- a drug carr, 1or targeted treatment of ovarian cancers.
_.dditior=n 7, malignat uscites =.¢ comme= in ovarian cancer patients. [38] Demonstration
of t~.geted uelivery of *{1R-830-7, gRro.340-IONP into ovarian cancer cells in the ascites
-ned ' znt on the potenti.:! applicaticns 01 the <_wection and magnetic enrichment of tumor
c-us as well as targeted therapy of th: ascetic ti=.or cells.

4. Coneclueiz

We have develoned a new NIK -330 labe'.d ar.4 HE} -2 t.rgeted dual imaging modality
nanoparticle probe ar 4 demonsu. ated speci icity and s>nsi ivity in optical and MR imaging

yduosnuep Joyiny vd-HIN

ol prinary »7.d me‘astatic ovarian tumors. W= [urther showed that active targeting to tumor
celi rece ptors und binding and internalization ~£ = targeted nanoparticles into tumor cells
pla;, impe.ant roles in ~~cumulation of “ne nanenarticles in the tumor and sensitive tumor
magi..g. This re_cptor tar eted IONP nas potential 1or t 1e development of novel targeted
itiagirz and therszoutic approaches fcr the detec*.on a.d effective treatment of ovarian

cai cer. A Juttionally, overexpression of {YER-2 is »',0 four in several other tumor types,
sucl as L reast, pancreatic, gastric and lung cancer-. AER-2- argeted dual imaging

nanoy artic les developed i s . tudy offer an oppertuuy to a2velop novel targeted imaging
and the oz cutic 2z proaches 2. those canceto.

5. Experimental S :ct’on

Tumor Ce'l lines—High "I=R-2 expressing SKOY5 numan avai;ou cancer cell line stably
expressing a tuc.l, wuciferase gene (SKOV3-luc), or~~waed by D'. Dzniela Matei, at Indiana
University Purdre T'2-0 L0y avwaianap dlis (IUPUIL INY, was cult.ced in McCoy’s SA
(Cellgro, Media‘ech Inc) sigLicuus ated viith 10% fetl bovi.c serum (Hyclone, Thermo

yduosnuep Joyiny Vd-HIN

scientific) and 1% pent:illit a~.d streycomycin (Hyclone). Tue iww 1TER-2 expressing
OVCAR3 human ovaria.) cancer cell line wae from Dr. Neil 5121l 't E no1y University.
Cells were cultured iv. RPM’-1640 (Cellgi o, M ediatech inc., eurziemente s with 10% fetal
bovine serum and 1% pr-aicillin and streptc myc'n. The cu! ured c~lis wer - miaitaiced at
37°C and 5% CO; in a tissue cultr-_ mcubator. 1he levels ¢« HER-? cxpressior. in above
cell lines were determine by Wester. vlot and im nunofluore scence '~uelin .

Western Blot—Cells were lysed in a lysi< buffer ci ntaining protes.e inhibitor cc cktail
(Sigma—Aldrich). Cell lysates wer< sonicated Lriefly and subject :d te centrifugation at
14,000 rpm for 15 min at 4°C. Equ2! amounrt: o1 pivt=in (100 pg) Foum ~ul lysates wore
separated by 7% SDS-PAGE and elec’coblotted ==+a poly vinylidene .iflvu~. de me11br: nes
(Bio-Rad laboratories). After blocl ing, *.ie membrane. we ‘e probed wit.» the o ..ary
antibody for overnight at 4°C wit'1 ger tle rocking. Ap iboc ies used arc epid 111! growth
factor receptor-2 (HER-2, 1:1,000 dilu.ions; Calb: ,chenr,) and B-actin (Sigma—A lirich) at
1:10,000. Appropriate secondary an:ibodies were us-u at 1:5 290 dilutioi s (Santa . uz "nc,)
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After incubation with specific horseradisn peroxidacz -conjugat >d seconde.y antibody,
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HER-2 protein »~- ~ziulized using the € thanced chemiluminescence detection system (GE
realt care) and mtoradiog-zply.

Imraun fluorescence —Cells “vere placed on glass chamber slides (Nalge Nunc

Inten atio1al) and allovved te adhere. Afte= [ixc tion in 4% paraformaldehyde in PBS, cells
vrere perr.a abilized it 0 2% Trit~ X-100 i TS for 15 min, and then blocked with 3% goat
serur. in PP 3 for 1 h. Cziis were incubated with the primary antibody diluted in blocking
vaffer .. room temperati 2 (or 2 h (1Ek -2 antit v cat # 2242, 1:100 dilution; Cell
Si_analing) followed by a 30 min incubation with ~i¢xa Fluor-488 labeled anti-rabbit
“Zlunuary antibcdy (Cat # A11534,1:1.005, Invitroez1). Cell nuclei were visualized by
Hoochoi 55542 staining. The sliZos were evz.uined unc er a fluorescence microscope (Zeiss
Axioplan).

yduosnuep Joyiny vd-HIN

Magnetic IONPs wer * prepared using iron xid * powd'er .s the iron precursor, oleic acid as
the lige nd ».d octw.decene as the solvent.>® 11 core size and hydrodynamic size of the
nanopardcles were measured using transmise’ .. vicctron microscopy (TEM), and light
sco.erine scan, respecti~ oly. The partic’cs were c2ated vith amphiphilic polymers using our
vstablished pretocols.33: 3t 6061 In br ef, "ONPs an¢ po ymaleic anhydride-alt-1-octadecene
pulvror were mis.cd in chloroform at 1 1:.9 meluc rati s for 1 h. Water was then added to the
mi.-ture .. a 1:1 volume ratio, and the reslting het_rogen~. us mixture was subjected to
rotaiv evporation, which yielded a clear aqueor= solutior .. IONPs. The particles were
purifi »d b - high-speed cez.u1tugation, and “hen re<wLspena=d ir Borate buffer (pH 8.5, 50
mM). Lo conceiaration of tlie nanoparticles was determine b * X-ray fluorescent spectra.
The optical densit; vt 0.1 mg/mL IONPs at 500 nm ;5 1.

o

Production ¢f NIR-2Zu-Zyep~ ;42-lIONPs—HER-2 afbody / Zygro:342-Cys) was
produced frcm a bacteri»! uxpressing system usin-, an estah*,i..d pretocol.2! The gene
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sequence for Zigro:342 can be obtained from the t-liowing referonce 2 Zypro.342-Cys was
subjected to re.'ucuon with S mM 2-carbe xyethyl phosziune hydr-chloride (TCEP) and then
labeled with NIi* S55- malvimide aye, s athesized frc m "X-/83 dy¢ (5.;ma-Aldrich) in our
group, through forming a th ~-ester bond between the thi~, group ~f a ouiq e cysteine at the
C-terminus of HER-2 af* body .nd the ma'-.i1ide group of VIR 830 dy e (Figure 1A and
Supporting Informat on S1;. Ten NIR-830 HEX-2 affibolv miviccules wce then conjugated
to each amphiphilic p ~iymer-coated ION™ (10 rimn core siz ) vi~ an amide bond me: “ated by
ethyl-3-dimethyl amino propyl-~.io0odiimi< and sulfo-N-hydro¥;, succinimide ' Sigma)
(Figures 1A and Suppor g Infor=.auon S1). "he VIR-830-Z ygr~ ,42-ION} Co1 itgotes
were purified using Nano.cp 100 K column (P2 Ccrporation, ar. resuezonded in Borate
buffer, pH 8.6, and stored at 4 °C. Simi'..1y, BSA - as labeled wi*ii NIR d:-_ 1017, ed by
IONP conjugation. The final ~Zucentrati~z, ot iron (mg/ml) in the cor.iugate = ., J2termined
by using absorbance at 500 m 1 > uilutior {actor/4.3. Ba~ed on the Brar.rord proiiin as: ay,
we determined that the average nun-ber of 'J attibody mc'lecules we e ¢ nju ga ed .0 e ich
IONP. Since each affibody only lz seler. with one NIR-330 dye molecule, ' m 7y of irr.a
equivalent IONPs or 907 pmol of ION Ps only have © nmc. of NIR 830 e noiccules
conjugated to the HER-2 affibody. For i.. viv~ Luaging 400 pmol of NIR-822 - 2ypRro.342-

)duosnuep Joyiny vd-HIN
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IONPs (total arm~r=t 2 ICINT 5) were usel! for each mouse, which only contain 4 nmol or 3.8
ug of NIR-830 cve melecu'zs.

Ave rage hydrodynamic sizes and ~.cta potentials of the nanoparticles were measured using a
dyna.nic .ight scatterinz, (DL instrument ‘Zcasizer Nano-ZS S-90, Malvern Instruments).

Speciicity of NIR-830-ZER2:342-l INPs—SKOV3 (HER-2 high) and OVCAR3
(F.cR-2 low) cells cultu-ed i~ z4-w 1l p ates were ‘ncubated with 100 nM of iron equivalent
IOM? concentration of NIR-830-Zyj v2-3.,,-tONPs 'nd control non-conjugated IONPs at
37°C for A 1L Clls were fixed v 4% foreaudehyde followed by Prussian blue staining
using a 1-1 =it e of 10% Hotase*un ferrocv-.ude, tr.hydrate (MP Biomedical) and 10%
hydrochloric acid at 37°C for 30 mir. 1 ne prese=.cc of czllular uptake of IONPs was
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examined hv an in~rted micrc scope.

O thc'ropi. Hur.an Ovarian Cancer X -:.ograft Model—The orthotopic human
ova-ian .ancer xenograft models were establich22 v injecting 5 x 10* SKOV3-luc or
OVZ_AR? cancer cells ir 15 ul of PBS i'.c0 the nvary borsa of 6-8 week old female athymic
Awude “aice by szgery (Hailan laboratc ries), (Figure £ 2). All mouse surgical and imaging
p-ocer.es were 2z proved by the Insti‘uticnal Arinal Fare and Use Committee of Emory
Uriversit;. growth of SKOV3-luc tume:s was mor.ored »1d quantified weekly using a
biol.ymir sscence imaging (BLI) system (Caliper T l¢ Scier~ 2s). The growth of OVCAR3
tumo. xerografts was conf..ned after sacr ucing th< uuce. SK OV3-luc tumor bearing mice
were a \m iistere? intraperit~..cally with 30 ing/kg of luciter=z." substrate (D-luciferin) 10
minutes pri~r to the Linaging. For quantification of PLi, Regic~ of Interest (ROIs) in the
tumor are:. as vvell as body backz.ound were sclected Tuen in‘egt ited flux of photons
(photons/s >c) v-ithin e~_i1 region * us calculatea using the <urtwar : provided by the Caliper
Life Scienccs.
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In Vivo Tumc: iiayiny—mMice were s 1bjected to NTP. uptical »~.d MR imaging 1 to 6
weeks after imp ~~*=7 tun ur ceus mto *le ovary buria. 425 pmol ¢ 2TR-830-ZygRr2:342-
IONPs were injected vi1 the -l vei.. NIR optical imagir, was ¢ nluotec using the Kodak
In vivo FX imaging syste m (Ca~_stream He=!"h Inc). Fo " bir ais.-ibu tio's st dies, tumor-
bearing mice were s-crifices and tumors and ridrmal orgens viore remove s for ex vivo
optical imaging. Ascie., in the peritoneal ~.vity of the tun.or-be~Z.ug mic * were coi'ected
for optical imaging. All optical ir.ges were ~apt.red using 300 n== ¢xcitation ..\nd 850 nm
emission filter set with ! Cu sec exr<,ure time aind + Gamma v alue ~£3.2. Ozl T ages
were analyzed using the s ~Ziware provided by the ..raging sys‘em ROIs v re select<d ror
measuring the mean fluorescence intens**, (MFI) of .amors and c~irespond:..g bor y
background. Signal to body ba~lground (€5 ) ratio was calculatcd fr ym the MFT af the
tumor area divided by of the v:od:- Lackgrouud area. Lcta shown in Keeults were the n ean
S/B ratio + standard derivation from .nree o .iue mie.

MRI was performed on mice usin 2 a ~ T (Tesla) MRI - can'.er (Siemer.~ Mecic ©ystem)
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with a customized rodent coil. T,- weighted fast s=iu ech, (FSE) imaging sequer-c with T X

of 5000 ms, TE of 28 ms, field of vi>w of 40 x 70 .4, and < ~e thickne. s of I M. wei 2
used to acquire pre- and post-contrast MK umnages. M1 Contra: t change i.. cumor following
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administration ~¥ *- {2 ccicd nanoparticl s was quantitatively analyzed using the ROI
methc 1 and Ima re T enftwers (vav Unal Irstitutes of Health). Averaged signal intensities of
Zuc RO were obtained .rom tiaor ar.u control muscle area. MRI contrast intensity in the
tumor w.'s normalized w. th the r.uscle contrast for each MR image as the intensity of tumor
contr. st/n uscle contr-.st. MP. contrast c.uge: were calculated as post-MRI contrast
“atensitv’/p1 >-MRI cot tr-st intersiy X 100 Tue percentage of mean MR contrast change was
calcm.iated £.om three tc our MR “nag slices.

Histoloo®

rollowing optica'/MR imag.ug, mice * cre sacrifi=.u .nd tumors and organs were collected
or nistological analysis. Mo Luology of 4.e tissues wa. evaluated by haematoxylin and
eosin (H&E) staining of 5 um rz.atfin tissue : ectior.s. Piussian blue staining was performed
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wr e detection of 1ion in the t'<ew.c sectic 1s. 'v'he imges were acquired at 100 or 200X
.1gNi anor, by 7 J1ss Axioplan 2 upright mic:oscope.

Statistical analy.;es

All do2a were prezcuted as mean =+ star.dars. deviatio 1 frc m at least triplicate samples.
Statisticnl analysis * as conducted usii g S udent’s .-test or paired ¢-test. Statistically
significan* Jirterence was defined as vaimes of p < 0.95.

Supplementar_' Material

Refer to Web v~.s10n on Pr-Livied Central for supplementary m=*_.ial.
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Nor. al

Figure 2. Det. tion of t*_ carly stage ovarian cancei by opfi~.: imag‘ng

Page 17

(A) NIR optical imaging of representative mice at uue (upper) <. two (lower) weeks after

SKOV3 cell in viantation and 24 h follow ing tail vein Zcuvery 0¥ IvIR-830-Zygro-340—
IONPs. Strong opucal signils wete detr cted in the tuiner, that were 1ae.tified by BLI. Three

mice were examined at »ach “ume ruint. (B) Ex vivo NIR imaging sho.ing optical signals in

tumor, liver and kidney “ut no* n the sple~.,, 1eart and .ung. (C) Pruselan t lue staining

showed iron positive cells ia various tumo " are s (upper ponery. Low te atermediate levels

of iron positive cells \ ere only found th liver axd spleen \ut = 1n the ¥ dney, par- reas,

heart, and lung. Scale bars reprc,ent 50 uM.,
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" —ww swaye ovarian car. er with peritoneal metastasis
Whole body NIR optical maging

B. Target' ..y metastases
NIR optical I ..
Ventral " _aary tumo, site Nor. ‘njection si.

180 00 1000
Ex vivo optical imagin,

Figure 3 Tctectie~. ot the late ..age ovarian cuncer by non-inva<:, = optical imaging

(A) NIR opt.cal im27.ag of a representative mouse bez,ing prir.ary and metastatic ovarian
tumors at ‘4 h .ollowing NIR-83" .'ygRr2.342--UNP ad=.uusution. Optical imaging
detected a orin ary and £, ¢ metast>4.c tumors tlat were idenlfied oy BLI. Green arrow:
primary tun or. Pink arrov'-. metastases. Similar recaits were f2nd (1 9 mice. PT: primary
tumor. Mets: meuastases. Ex vivo NIR imaging: nu »%crs shown -.e th 2 mean fluorescence
intensity of tur-c.. us uutinal organs. Prussian blue stair..g showe< the iron containing cells
in the periphera. »»< Z2ntr. i wmo~ areas High magn ficat’ Lu micrc-2onic image (200%)
showed internalization >f th> ‘argete « IONPs in tumor ce'’s. Bluc s¢zare <nd lines indicated
the tissue image from the same =rea. (B) Str=1g NIR sig nal ‘was dei~cted ir a mouse with
lung metastases (gre~. arrc-vs). BLI confi ‘med the prese.xce of tLie tumor cells in the lung.
Ex vivo optical imagi.o, showing strong NT_2 sig1als in the tiver liuney, ssleen, tuoor and
lung. Bright field images of the I..g and tur-or a.e includec. Hist~!ogical anal; sis

confirmed the presence = iung met~,wasis by .1&} staining a «d iror positive ~i'e &
Prussian blue staining (10 ®Zx magnifications). Se~Ie bars represer 50 pM
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= A. Mice bearing HER-2 posit ve 560V ? (umors have . strong sigual i.i the tu~:2~ 241 after
% NIR-830-ZyggRr2:342-IONP injection Mean fuoresce.xce i tensities ¢ /thr tuno. arra a'id the
= non-tumor side were shown in the figu e. Prussian blu : sta ning coni rmc *h * iron r ositive
é. tumor cells (Magnification 100X Sci le bars represe.it 5¢ uM. B. Mice hea ing tow FZ 2

expressing OVCAR3 tumors displ.yed 722k ~ignals ir .he tumor area follov~..g NIR-85.
ZHER2:342-IONP administration. The IONP posit*, ¢ cells =, ¢re not found ‘n th= .umor
sections after Prussian blue staining. C. Ascites ~,uected fron- SKOV3 tumor bearing
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mouse, but not -~ C%"C,AR5 wimnor bea ing mouse, showed NIR signal in the cell pellet.
BLI cnfirmed tye nresenc~ c7 5Ky V3 cadds in the pellet. A bright field image of a cell

veilet eollected from an OV A K3 tu-.ior bearing mouse was shown.
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Z Figure 7. Dual modality imaging of = catlbladder m >tastatic tu.aor foll~"..1ng syster..c delivery of
T NIR-830-ZypR2:342-IONP

g A. NIR optical imaging «f a rer~_sentative SK ™*."5 tumor be: ring mnouse inj -cted wiu.

> NIR-830-ZygRr2:342-IONY. Left panel showin<; o strcng NIR flu siescee signal it wne

c . . P > . g .

= gallbladder metastasis; Middle pane! ziowing N signal in the y cimary tumor = the

e injection site; Right panel sh ;wing cor=_spondine camera image of th » priv.ary tumor and
g§> enlarged gallbladder in the mcuse. PinV arrow: gallbladder metastases, Light t wue crro v:
g primary tumor. B. MR images of tb - mor-c showing T, ct ntrast cha ige i tie yal’olar.der
g (Pre and Post NIR-830-ZygRr2:342 10N P delivery). C. distlogical ar.alysi> 21 gallkladder
.g' tissue by H&E staining and Pruss an t'ue stain. The presrace of metastauc wamors ~Zu the
~

IONP-positive tumor cells in the ge llblaade. was obse: ved in the tissue se~%ons. Green

Small. Author manuscript; available in PN.C 2015 Fek,uary " 2.

AH Formatter V6.2 MR6 (Evaluation) http://www.antennahouse.com/


http://www.antennahouse.com/

Satpathy et al. Page 24

arrow: Smooth ~-2lc <, uil vl wie galbla lder; Dark blue arrow: metastatic tumors. Scale

oars ropresent S nM
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