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SUMMARY

Design of tissue-specific contrast agents to datm@¢umors from background tissues is a
major unmet clinical need for ultimate surgical ementions. Bioconjugation of
fluorophore(s) to a ligand has been mainly usettget overexpressed receptors on tumors.
However, the size of the final targeted ligand barlarge >20 kDa and cannot readily cross
the microvasculature to meet the specific tissasulting in low targetability with a high
background. Here, we report a small and hydroppiienoxazine with high targetability and
retention to pancreatic neuroendocrine tumor. Thigengineered fluorophore permits
sensitive detection of ultrasmall (<0.5 mm) ectdpimors within a few seconds after a single
bolus injection, highlighting every tumor in thengaeas from the surrounding healthy tissues
with reasonable half-life. The knowledge-based apph and validation used to develop
structure-inherent tumor targeted fluorophores havéremendous potential to improve

treatment outcome by providing definite tumor masgior image-guided surgery.

Word Count: 149 Words (150 max)




INTRODUCTION

An ideal tumor-targeted contrast agent should Hagh uptake and prolonged retention in

malignant tissue as well as minimum uptake and ¢&strance from surrounding normal
tissues (Choi and Kim, 2020, Owens et al., 2016 most common tumor targeting strategy
is to conjugate a targeting ligand (e.g., smalleuole, peptide, peptidomimetic, or protein)
to a contrast agent (Choi et al., 2013). Targetdively of a specific agent to the cancerous
tissue is significant for oncologists to plan aatreent strategy as well as for surgeons to
decide the surgical margin based on image-guidéfaeg et al., 2016, Kang et al., 2020).

The resection of pancreatic neuroendocrine tumNE({P and the avoidance of
normal pancreas represent a significant unmetcaimeed. Currently, intraoperative visual
inspection and palpation performed by the surgeaonsidered the most reliable source for
PNET detection which often results in incompletsegion of the tumor, with 5 years-
disease recurrence rate of 10% and 97% of patwiiteout and with liver metastasis,
respectively (Mayo et al., 2010, Lo et al., 199@kvut et al., 2001, Ravi and Britton, 2007).
Therefore, complete tumor resection remains thg tahtment option that improves patient
survival (Wong et al., 2018, Mayo et al., 2010).

Significant efforts have been focused on improvimgoperative and intraoperative
identification of tumors and their margins, howeviempresents a major challenge to detect
PNET with sufficient sensitivity (Grant, 2005, Gmr et al., 1988). Conventional
preoperative techniques such as computed tomogré@h), magnetic resonance imaging
(MRI), and endoscopic ultrasonography are succkssflocalizing larger tumors, though
detection is very challenging for subcentimeteroles with a broad-ranged sensitivity (9.6 -
71%) (Galiber et al., 1988). Undetectable smalé ¥ NET can cause severe symptoms of
hormonal imbalance such as hypoglycemia or hypeagjonemia due to excess production
of insulin or glucagon, respectively. To increasaealh tumor detection, glucagon-like
peptide-1 (GLP-1) radioligands were developed tgdose PNET with highly expressed
GLP-1 receptors on beta-cells, yet detecting tum@<m remains elusive (Reiner et al.,
2011, Wild et al., 2008).

Near-infrared (NIR) fluorescence imaging has theteptial to improve the
detectability and spatial resolution significan{idyun et al., 2015b, Hyun et al., 2014,
Owens et al., 2016). Currently, only two small Nl&rophores, methylene blue (MB) and
indocyanine green (ICG), have been FDA-approveduoror imaging in the clinics without
clarifying the mode of action (Tummers et al., 20Afander et al., 2012), resulting in low

tumor-to-background ratio (TBR)*® Previously, MB was used for detecting insulinothe,
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most common functioning PNET, using optical imag(kdgner et al., 2010). However, due

to its poor optical properties (i.e., low molecubaightness), rapid clearance from the body,
and chemical reduction, MB is not ideal for intraogtive tumor targeting. Therefore,

bioengineering of a single NIR small fluorophore teobget such a tiny neoplasm is of
significant importance with improved specificity damiodistribution (Hyun et al., 2015a,

Choi, 2014).

The delivery and retention of a molecule in tumesue is dependent on the size,
charge, hydrophobicity, pharmacodynamics, pharmaetiks and its transport across the
tumor vasculature (Kang et al., 2018, Lee et @122). However, the physicochemical
properties of cancer-targeting fluorophores arewsdt established. In the present study, we
have developed a lead PNET-targeted, phenoxazsedhdIR fluorescent contrast agent by
analyzing the biodistribution of a small fluoropbdibrary with the potentials to accumulate
into PNET using insulinoma-bearing transgenic middereby, we have determined
bioengineering of the physicochemical propertied gimrmacokinetics is required to achieve
the specific targeting for PNET that can provideag®a-guidance needed during the tumor

resection.



RESULTS

Systemic M odification for Development of PNET Targeting NIR Fluorophore. MB is the
first and the only NIR fluorophore used for intraogtive localization of PNET (Winer et al.,
2010). However, when MB is administrated intravesipunto the body, approximately 75%
is reduced to Leuco-MB in erythrocytes via the egaiwus reductase by consuming NADPH
and loses fluorescence (May et al., 2003, Blazdqiestro et al., 2009, Bradberry, 2003,
Matsui et al., 2010). Despite these limitationdvB as an endocrine tumor imaging agent,
we still believed that the core structure of the M&lds the key properties for the initial
accumulation into the tumor and hypothesized tlyatesnatic modification of MB could

potentially improve its optical and biological chateristics.

Therefore, we first focused on enhancement of appooperties andh vivo stability
of MB. Among several different substitutions of & core (data not shown), we found that
substitution of the sulfur atom of MB with oxygessulted in the most improvement in both
optical and biological propertiegigure 1A). With this first modification, we named the
molecule Ox61 (se€lransparent Methods and Figures S1-S5). The single oxygen
substitution in Ox61 led to hypsochromic shift @d-fold brightness increase compared to
MB: 1.3-fold increase in molecular absorbanse £ 12,300 M'cm™) and 4.5-fold increase
in quantum yieldA® = 8.6%), respectivelyHigures 1B-1D) (Bradberry, 2003).

To show high redox stability towards biological wetion after oxygen substitution,
we performed am vitro live cell assay to evaluate the cellular spedifitly comparing MB
and Ox61 in NIT-1 (pancreatf:cell). Both MB and Ox61 stained the NIT-1 cellswever,
Ox61 showed a significantly higher signal compatedviB (Figure 1E, P <0.05). We
subsequently treated the membrane-stained cells &it mM periodic acid to test the
presence of the leuco form of both fluorophoreterkstingly, the fluorescence signal of MB
inside NIT-1 cells was recovered by oxidation, whilo notable changes were observed in
the Ox61 stained cells, which remained high pred post-treatment. Similarly, we also
treated periodic acid on the kidneys resected fnonmal CD-1 mice 1 h after injecting 1.5
mg/kg of MB or Ox61 intravenously. The fluorescersignal significantly increased in the
MB-injected mouse kidney, while no intensity chamgeere found in the Ox61-injected
mouse kidney Kigure S6, P <0.0001). This indicates that MB is reduced to LN
endogenous reductase, but Ox61 is stable from #u®xr cycle and retains strong

fluorescence signal.



Structural Characterization of PNET Targeting NIR Fluorophore. After the first
modification and the improvement in optical proptand biological stability, we then
synthesized 18 additional phenoxazine derivativeydrying side chainsFHgure 2A). To
test the tumor targetability of these derivativeg mg/kg of each molecule was injected
intravenously into the insulinoma bearing mice andged 30 min after injection under the
FLARE intraoperative optical imaging systenfrigure S7A) (Gioux et al., 2010).
Physicochemical properties and tumor-to-backgrowatid (Tu/Pa) of MB and molecules in
PNET-library are summarized ihable 1. Among the 19 contrast agents, four (Ox61, 89,
261, and 266) had TBR >2.0 and only Ox61 had TBRO>%e then analyzed the
guantitative physicochemical properties of the rooles to define the criteria required for
PNET targetability. Molecular weight (MW), hydroghioity, and total polar surface area of
each agent were plotted in a chart and Ox61 wadddlwith red (TBR >5.0), MB with blue,
molecules with TBR above 2 with orange and the wett dark grey Figure 2B). Based on
the chart, we were able to determines the PNETetabgity range for each chemical
property (red margin) and if the molecule did redt within the optimal range, it had low or
no tumor targetability. In summary, highly hydrojghmolecules with low molecular weight
(<300 Da), and low TPSA (<40) had suitable accutiariain PNET. In addition, positive
charge of the molecule favored tumor accumulatforother interesting observation was that
change in hydrophobicity of the molecule with elatign of side chain dramatically altered
tumor targetability Figure S7B). Other critical factors influencing tumor-targegi are the
plasma pharmacokinetics of probe residence initisalation and diffusivity of the molecule
across tumor vasculature into the extravasculaud3® (Dewhirst and Secomb, 2017). To
evaluate the probe transport in circulation, wefgrared plasma protein binding test using
the rapid equilibrium dialysis (RED) to determirteetfree (%Fu) and bound (%Bound)
fraction of drugs in plasma. As a result, Ox61 wile highest tumor uptake had the least
plasma protein bound fraction (45% bound) and tk89D261, and 266 with TBR around 2
also had (<50 - 70% bound), which is relatively lommpared to the rest of drugs with low
or no tumor uptake (90% - 100% boundable 1, Figure 2B). These results indicate that
low plasma binding favors tumor targeting, whichultbprevent sequestration of a probe to

plasma compartment.

Kinetics and Dose Dependence of Ox61. Since MB is the only available PNET contrast
agent, we compared results directly obtained whth lead compound Ox61 with MB. We

first comparedn vivo biodistribution and clearance pattern in normal-Cinice 4 h after a
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single intravenous injection of Ox61 or MBigure S8). The pattern for biodistribution and
renal excretion was almost identical, but the fasamence signal in the Ox61 injected mice
was about 2-5-fold higher than MB injected mice. W& comparecth vivo biodistribution
and blood clearance and found that Ox61 had preldrigood circulation compared with
MB. In these comparisons, we excluded the measureafdeuco-MB form to make a direct
comparison with Ox61 for thein vivo fluorescence signals. The elimination blood hiddf-
(t105) of Ox61 was 3-fold longer than that of MB (47 & min) in mice Eigure 3A). We
next performed a wide range dose test betweero®@3Itmg/kg. Although the lowest dose of
0.3 mg/kg resulted in improved TBR compared to M&hstantial signal increase in tumors
occurred with 1.5 mg/kg and 3.0 mg/kg of Ox61, whshhowed much higher TBR compared
with MB (Figure 3B, P <0.001). Tumor signals were further increased wihgctted with
the maximum dose of 6.0 mg/kg, but the backgrougilas in pancreas also increased, which
lowered the TBR between 1 h to 4 h. To determire dptimum time-point for tumor
targeting, we injected 1.5 mg/kg of Ox61 or MB imsulinoma-bearing mice and observed
the TBR change over 4 h post-injection. In bothesasumors became bright immediately
after injection Figure 3C). However, the pattern of uptake and retentiothattumorous
tissue was notably different between Ox61 and MB6D gradually accumulated into
insulinomas over 3 h post-injection, whereas MBidigpdisappeared within 1 h. The peak
TBR of Ox61 occur 3-4 h post-intravenous injectianyhich point surrounding background
signal had decreased drastically.

Tumor Targetability and Specificity of Ox61. Having determined optimal kinetics and
dose, we tested the effect of physiological charfiges tumor developmental stage on Ox61
uptake and retention. Small occult PNET (<2 mm) exeemely difficult to localize and
cannot typically be visualized in the surgical dieMWhen insulinoma-bearing mice were
injected with Ox61, however, small occult tumorsrevelearly visualized throughout the
pancreas Supplemental Video S1). In contrast, similar tumors were not detectadtlel h
post-injection of MB because of its fast eliminatideuco-MB formation, and poor optical
properties Figure 3D). After a single intravenous injection of Ox61, vseccessfully
resected 5 different developmental stages of tugeogsis under fluorescence image
guidance with high TBR (tumor to pancreas$)gire 3E). Since MRI has been used
previously to monitor tumor growth, we compared tundetectability with intraoperative
fluorescence imaging. MRI visualized both hypemse (early stage) and isointense (late

stage) of larger sized tumors (>2 mm) of 13 wkiokllinoma mouse, yet delineating tumor
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margins was a challenge. After injection of 1.5 kggbf Ox61 into the same mouse, we
obtained intraoperative fluorescence images costeigid with the MR imageg§igure S9A).
Dual-modality imaging permitted clearer margin asseent, however, fluorescence imaging
revealed additional small tumors that were notctatde by MRI.

Next, we tested the effect of physiological changetumor stages on Ox61
accumulation. PNET stages are well defined in gan& mice: pre-angiogenic/hyperplasia
(5-6 wk), angiogenic/dysplasia (7-9 wk), early stdagmors (10-11 wk), mature stage tumors
(11-13 wk), and necrotic tumors (>13 wk) (Bergersle 1999). We performed Ox61-based
tumor imaging in 5 to 13 wk old insulinoma-bearmgce Figure S9B). Surprisingly, Ox61
was able to target and localize pre-angiogenic tsmmomice with a reliable TBR 2.0 but
short retention time compared to angiogenic andotugstage. Histopathologic evaluation
was performed on resected tumor tissues confirrnedrorphological changes of tumors at
each stage Figure 3F). Despite the heterogeneity nature of pancreaticoerine
tumorigenesis, the efficient uptake of Ox61 at sihges of tumors were observed.
Hyperplasia stage and angiogenic stage tissueseshbamogenous fluorescence signal at
the tumor site, while Ox61 uptake in the late sta®NET were heterogeneous because,
presumably, of limited blood supply. Areas arounger vasculature exhibited more
favorable accumulation of Ox61 compared to othexagsrwith compressed vasculature

(arrowheads).

Physiological Mechanism of Action of Ox6l. To better understand the physiological
mechanism of Ox61 accumulation at the tumor site, measured absolute fluorescence
intensity at the pancreas and the tumor from 05@ deconds post-injection of 1.5 mg/kg of
Ox61 and corresponding images at 4 different tirmmtp on the graphFHgure 4A). The
entire pancreas and its associated tumors wenmgesdtavith high intensity immediately after
the injection. Both pancreas and tumors showededserin signal after reaching the peak of
the blood distribution phase (phase 2). IntereBtinthe signal intensity in the tumor
increased gradually after a short period of cleeganhile the pancreas signal continued to
decrease (phase 3-4). This phenomenon clearly darates the high specificity of Ox61 to
tumor site. The distribution of tumor-targeting peois dependent on the transport through
tumor vasculature into the extravascular tiés€fe (Dewhirst and Secomb, 2017). For the
further analysis of the diffusion of the Ox61 frahe tumor capillaries, we performed real-
time, quantitative intravital fluorescence imagiWgithin 10 sec, after the injection a large

amount of Ox61 diffused from microvasculature a tamor followed by rapid accumulation
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in all tumorous tissues as well as large venuleigufe 4B). We next compared the
performance of Ox61 to various tumor specific pret®njugated fluorophores (GLP-1,
cRGDyK and CREKA micelle, seéransparent Methods), which are known to have high
specificity to tumors (Choi et al., 2013, Wild dt, 008, Ruoslahti et al., 2010). None of
these conjugates were able to target a single tumarsulinoma-bearing mice 1 h post-
injection (Figure S10A). In addition, we tested tumor cell specificity @k61 by generating

NIT-1 subcutaneous tumor in nude mice and injeetgd 1.5 mg/kg of Ox61 but were not

able to observe accumulation into the tuntoggre S10B).



DISCUSSION
We have successfully developed a pancreatic tuargeted contrast agent, Ox61, through

systemic engineering of a clinically available, pebrly performing NIR fluorophore, MB,
for intraoperative imaging (Winer et al., 2010, Blatet al., 2010). Ox61 has overcome
historical shortcomings of NIR fluorophores inclngilow water solubility, short circulation
time, low quantum efficiencies, poor photostabjlibygh plasma protein binding rate, and
low TBR (Choi and Frangioni, 2010). Ox61 has immawnolecular brightness (> 5-fold),
redox stability, blood circulation (> 3-fold), andrgeting specificity (> 10-fold) compared
with MB. The improvement in optical properties riésd from 1) high oscillator strength
derived from the larger atom size (covalent radiiatom: S = 0.104 nm vs. O = 0.066 nm),
2) low energyn-n* transition donating electron density (electrortegy: S = 2.4 vs. O =
3.5), and 3) low solvation energies in polar mg#iBA: S = 2 vs. O = 3) (Bradberry, 2003).
Our data clearly indicate that design of a tumogating fluorophore requires a
specific combination of physicochemical propertie§ the molecule. By analyzing
guantitative physicochemical properties of synthedi molecules Higure 2A), we have
determined that specificity to tumor is highly degent on the chemical structure, MW,
hydrophilicity (logo at pH 7.4), and total polar surface char§egire S8) (Lee et al.,
2012b). Molecular weight was critical property hesa molecules larger than 300 Da had
poor targetability. Hydrophilicity of molecule alsplayed important role in determining
tumor specificity, for example elongation of one taro methyl group on the side chain
increased lo@ and decreased the tumor targetability. These pbgsemical properties had
combinatorial effect on the tumor targetability. MM&s than 300 Da did not always have
good tumor targetability if it also had high @gOx4). Also, if the molecule had slightly
high logD with low TPSA and MW (Ox89), it likely also displad good tumor targetability.
The distribution of tumor-targeting agents alsa@esebn the plasma pharmacokinetics
and transport through tumor vasculature into thieagascular tumor tissue. (Dewhirst and
Secomb, 2017) Plasma protein binding (PPB) greatpacts the behavior (distribution and
elimination) of the drug, where only the unboundcfron is available to interact with the
target site. (Trainor, 2007) To have lasting phamwhagical effect, a large fraction of the
drug must be distributed to the tumorous tissuédn Wwigh affinity (Dewhirst and Secomb,
2017). Interestingly, Ox61 had the highest unbofsadtion compared to all the other drugs
in the library. In addition, molecules with similphysicochemical properties as Ox61 but

lower TBR had smaller unbound fraction comparechvdix61. This clearly explained why
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Ox61 outperformed all the other drugs and emphatkiae PPB is a critical parameter to
determine the availability of drug to the bioloditarget.

Our data clearly show that Ox61 quickly extravasaaed accumulated into tumor
tissue with higher affinity compared with normahpeeas after intravenous injectiddigure
4). Physicochemical and pharmacodynamic charadtsristcluding positive charge of Ox61
might facilitated extravasation and accumulatiotuimor tissue with the negative charges of
the vessel luminal face and molecules in the ititeisspace (Campbell et al., 2002, Azzi et
al., 2013). The development of targeted NIR fluocees$ contrast agents for endocrine tumor
is particularly difficult because it requires iaitidistribution into the endocrine organ while
simultaneously localize in higher concentrationhit the targeting tumor, regardless of
anatomic location and barriers to give contrasivbeh the normal tissue (Hyun et al., 2015b,
Hyun et al., 2014, Owens et al., 2016). When bioereging contrast agents which target
tumors by their inherent chemical structures, westnaietermine the design criteria (i.e. size,
charge and hydrophobicity) of the drug with regatdlghe plasma pharmacokinetics and
physiological barriers to the target tissue. A Higant portion of Ox61 injected
intravenously in a single formulation was immeduatdelivered to the tumors, providing
unparalleled contrast between the normal pancrews the pancreatic tumor. To our
knowledge, there is no single contrast agent that lighlight tumor within a minute after
intravenous injection.

In conclusion, NIR fluorescent intraoperative intagusing Ox61 greatly facilitated
the localization of small occult PNET and has tln¢eptial to reduce operation times and
increase the likelihood of negative margins. Ouw niechnology of drug design for
delivering targeted agent can be applied for dgaetpvarious other tumor targeting agents
(i.e., ovarian, breast, thyroid) and can resulimmediate detection of tumor upon injection
with high specificity, which is difficult to achiev with nanoparticles or proteins and
transporter targeting. Furthermore, Ox61 has higflergial for accelerated approval by FDA
for clinical use of tumor targeting, following tisafety and regulatory guideline of MB.

Limitation of the Study: Even though we performed extensive in vivo and ok
analyses to determine to the mechanism of actitmwalg PNET targeting by Ox61, we
were unable to determine target proteins or transpoon PNET cells. The physicochemical
properties of Ox61 led rapid molecular distributiato the tumor site, whereas the retention

mechanism on the target needs further investigation

-11 -



O
Q)’QK
Q\
>
\
3

-12 -



METHODS

All methods can be found in the accompanying Trarespt Methods supplemental file.
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TABLESAND FIGURES

Table 1. In silico physicochemical properties of PNET-targeted contrast agents.

Drug MW Log D TPSZA HBA Volugne Dipole Polarizg\bi!ilty Plasma _ Tum(_)r
(g/mol) (pH=7.4) (A9 (A%  (debye) (Cm“V™") (% bound) intensity
MB 284.40 -0.62 18.61 2 387.92 9.48 32.74 81.92 +++
Ox61 268.34 -1.09 27.84 3 382.04 9.38 30.34 45.87 +HH+
Ox89 282.37 0.41 38.8 3 414.96 10.39 32.18 66.59 +++
Ox261 296.39 -0.38 27.84 3 447.63 8.24 34.03 65.82 +++
Ox266 294.38 -0.27 27.84 3 420.29 7.97 33.3 52.01 +++
Ox4  296.40 0.7 47.59 3 442.88 10.87 33.95 68.84 ++
Ox14  318.40 0.51 59.21 3 449.6 9.66 36.39 96.42 ++
Ox17  379.39 0.71 63.31 4 442.36 10.46 35.57 95.06 ++
Ox94  324.45 1.66 47.59 3 504.25 7.79 37.64 82.91 ++
Ox12 304.37 0.09 59.21 3 416.51 10.37 34.55 94.22 +
Ox116 334.40 -0.06 68.44 4 434.52 11.43 37.06 97.73 +
Ox117 348.43 0.91 56.82 4 499.17 10.22 38.9 86.13 +
Ox170 332.43 1.65 47.59 3 483.61 8.64 38.24 96.92 +
Ox269 308.40 0.18 27.84 3 447.78 7 35.14 81.28 +
Ox13  320.37 1.15 79.44 4 427.66 9.8 35.14 88.98 -
Ox16  334.40 1.62 70.65 4 460.05 12.8 37.06 87.62 -
Ox27 456.54 1.38 114.02 7 631.86 11.87 47.3 95.48 -
Ox37  450.17 0.63 12325 6 606.75 22.07 46 73.12 -
Ox34  450.45 1.05 11473 7 604.36 11.9 45.08 82.91 -
Ox96  324.45 0.33 27.84 3 508.56 74.72 37.72 81.45 -

MW, molecular weight; TPSA, total polar surface area; HBA, hydrogen bond acceptors. Tumor to
background ratio (TBR) against normal pancreas was quantified and labeled as -, < 1; +, 1-2; ++, 2-3;
+++, 3-4; +++++, > 5.
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Figure Legends

Figure 1 PNET-gpecific fluorescent agents MB and Ox61. (A) Schematic drawing of
PNET targeting by NIR fluorophores: MB convertsctorless leucomethylene blue (LMB)
in erythrocytes, while oxygen substation becometifrem redox mechanisms in the body.
(B) Comparison of optical properties: Absorbance (sdilne: left axis) and fluorescence
emission (dotted line: right axis) spectf2) Eptical properties measured in 100% serum, pH
7.0. O©) Fluorescence imaging of difference concentrationvidld and Ox61e, Live cell
binding assay: 2 uM of MB or Ox61 was incubatedXdr with NIT-1 (pancreatic beta cell)
anda-TC1 (pancreatic alpha cell) cell lines, followey tbeatment with 0.1 mM of periodic

acid to induce oxidation. Scale bar = 50 pm.

Figure 2 PNET-specific fluorescent small molecule library. (A) Molecular structure of
PNET-specific fluorophoresB| Quantitative calculation of molecular weight (MWOgD,
TPSA, and plasma protein %Bound.

Figure 3 Intraoperative imaging and image-guided resection of PNET. (A) Blood half-

life (%ID/g) of each compound in mice was calcuatesing the nonlinear regression two-
phase exponential decay meth®) Dose-response curve of TBR (mean + SEM) for MB
(blue) and Ox61 (red). Different doses of eachribpbore were injected intravenously into
insulinoma mice, and TBR (Tu/Pa) was quantifigg) Quantitative time course assessment
of TBR (mean £+ SEM) for MB (blue) and Ox61 (red) # h after a single bolus injection
(1.5 mg/kg) of each fluorophoreD) 1.5 mg/kg of MB or Ox61 was injected into age 14 w
insulinoma-bearing mice 4 h prior to imaging. Showare occult and ectopic tumor
metastases using NIR fluorescende) [mage-guided tumor resection after intraoperative
tumor imaging and tumors at each stage were rasddbepost-injection of Ox61 (1.5 mg/kg)
and quantified (n = 5, mean % s.d.). All NIR fluscence images for each condition have
identical exposure times and normalizations. Sbals = 1 mm.K) Histological evaluation

of different stages of tumors in insulinoma-bearpancreas. Shown are H&E and 700 nm
NIR fluorescence (Ox61) of three different stagésesected tumors. Insulinoma stage of
tumor showed presence of normal (arrow) and sqaegaeowhead) vasculature. All NIR
fluorescence images for each condition have ideh&gposure times and normalizations. |,

insulinoma; E, exocrine pancreas. Scale bars 7ut00
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Figure 4 Extravasation and tumor uptake of Ox61 across tumor microvasculature. (A)
Kinetics and representative intraoperative imagesignal uptake in pancreas and PNET: 1)
Pre-injection, 2) circulation, 3) initial uptake,ndd 4) accumulation and retention.
Abbreviations used are In, intestine; Ki, kidneysid Pa, pancreasB) Representative
intravital microscopic images with real-time quéintition of the extravasation rate after a
single intravenous injection of Ox61. Microvasculat was labeled with FITC-dextran
(green color) 10 min prior to intravenous injecti@inOx61 (red color). White dotted circles

indicate PNET; scale bar = 200 um.

Supplementary Video S1. Real-time intraoperative imaging of insulinomagig Ox61 for 2
min post-injection, Related to Figure 3.
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Highlights

» Bioengineered near-infrared fluorescent small molecules for PNET imaging

» Highlight tumors within aminute after a single bolus injection with improved retention
» Sensitive and specific detection of ultrasmall ectopic tumors

* Intraoperative image-guided navigation provides a surgical margin



