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Abstract

Purpose: Intraoperative molecular imaging (IMI) utilizes optical dyes that accumulate within
tumors to assist with detection during a cancer operation. IMI can detect disease not visualized
preoperatively, as well as positive margins. However, these dyes are limited by autofluorescence,
signal reflection, and photon-scatter. We hypothesize a novel dye with a wide separation between
excitation and emission spectra, SS180, would help overcome these obstacles.

Procedures: Two targeted molecular contrast agents, OTL38 and SS180, were selected for
this study. Both dyes had the same targeting ligand to folate receptor alpha (FRa). OTL38, a
well-annotated IMI agent in human trials, has a Stokes Shift of 22 nm, whereas SS180, the new
dye, has a Stokes Shift of 129 nm. Cell lines were tested for FRa expression and incubated with
dyes to demonstrate receptor-dependent binding. Cells were incubated in various concentrations
of the dyes to compare dose- and time-dependent binding. Finally, cells tagged with the dyes
were injected subcutaneously in a murine model to estimate tumor burden necessary to generate
fluorescent signal.

Results: Cellular studies demonstrated SS180 binds cells in a dose-, receptor-, and time-
dependent manner, and exhibited higher mean fluorescence intensities by flow cytometry when
compared with OTL38 for each time point and concentration. In an /n vivo flank tumor model,
SS180 had a higher tumor to background ratio (TBR) than OTL38, though not statistically
significant (p = 0.08). £x vivo, OTL38 had a higher TBR than SS180 (p = 0.02). The subcutaneous
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model revealed SS180 had a higher TBR at 5x108 cells than OTL38 (p = 0.05). No toxicity was
observed in the animals.

Conclusions: SS180 exhibits greater TBRs /7 vivo, but not ex vivo. These findings suggest
SS180 may have weaker fluorescence, but superior contrast. Studies in large animal models and
clinical trials may better elucidate the clinical value of a long Stokes Shift.
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Introduction

Cancer remains the second most common cause of death in the United States despite
continued advances in medical and surgical management [1]. In 2019, there will be an
estimated 1.76 million new cancer diagnoses and over 600,000 deaths [1]. Surgery remains
one of the best opportunities for curing patients with solid malignancies [2]. Despite surgical
interventions, many patients develop local or systemic recurrences that significantly worsen
survival [3]. Often these recurrences are due to residual disease, either from positive surgical
margins or microscopic, multifocal disease that cannot be detected by the surgeon at the
time of the operation [4]. Rates of positive surgical margins in many solid malignancies
have failed to improve over the last several decades [4]. Additionally, surgeons depend on
preoperative imaging modalities such as Positron Emission Tomography (PET) and X-ray
Computed Tomography (CT) scans to locate tumors; however, they lack sensitivity for small
nodules [5,6]. Thus, even with advances in medical and surgical management, the surgeon is
limited in their ability to know about all disease prior to the operation or to completely resect
known disease.

Intraoperative molecular imaging (IM1) is a potential adjunct to the operating surgeon that
can allow for real-time identification of multifocal disease and margin assessment [7]. IMI
can improve complete surgical resection rates, decrease local recurrence, and consequently
has the potential to cure more patients [7]. IMI consists of two key components: a targeted,
fluorescent dye that localizes to the tumor, and an imaging system that allows for real-
time detection of the fluorescent signal without interrupting the surgeon’s workflow. This
assessment happens in real-time and can be used in minimally invasive procedures to further
aid the surgeon who cannot palpate tissue to assess for malignancy. IMI has been utilized
for multiple types of solid malignancies, including lung, bladder, and breast cancers [7-9].
Importantly, IMI has been shown to address some of the shortcomings of current surgical
management [10].

Dyes used for IMI of lung cancer have gone through several iterations, each addressing the
shortcomings of prior generations. Indocyanine green (ICG) has been used for over a decade
in IMI but has poor specificity. It localizes to the tumor through leaky vasculature, termed
the enhanced permeability and retention (EPR) effect, and will also accumulate in areas

of inflammation or infection [9]. The poor specificity of ICG was overcome by targeting
receptors upregulated in lung cancers. FRa is upregulated in pulmonary adenocarcinomas,
has increased receptor density compared with normal lung parenchyma, and is also present
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in a majority of local and distant metastases [11-14]. Our group has assessed the ability of
two FRa-targeted dyes to identify pulmonary adenocarcinoma: EC17 and OTL38.

EC17, the first FRa-targeted dye assessed, has excitation and emission spectra that peak
at 470 nm and 520 nm, respectively [15]. IMI with EC17 can accurately detect positive
margins with a sensitivity of 80%, specificity of 100%, positive predictive value of 100%
and negative predictive value of 83% [16]. While early findings in human trials were
promising, further research demonstrated that EC17’s fluorescent signal was compromised
in vivo by autofluorescence and poor depth of penetration, likely due to its excitation

and emission spectra falling within the visible spectrum [16,17]. OTL38 was developed

to overcome these limitations. This contrast agent has excitation and emission spectra that
peak at 774 nm and 794 nm, respectively, which both fall into the near infrared (NIR)
range [15]. Using OTL38, IMI detected lesions as small as 2 mm, much smaller than

what can be detected with preoperative cross-sectional imaging [18]. Similar to EC17, pre-
clinical models and early clinical trials with OTL38 helped identify lung adenocarcinomas
with sensitivities approaching 100% [18]. Together, these attributes make IMI an attractive
adjunct to improve surgical outcomes in patients with cancer. However, false-positive signal
with OTL38 was encountered, as in the case of granulomas [18]. While resection of false
positives is more acceptable than failure to resect false negatives as it relates to cancer, this
signifies there is still room to improve on existing dyes.

Like EC17 and OTL38, SS180 is targeted to FRa and contains the identical ligand.

While EC17 uses fluorescein isothiocyanate as its fluorophore, both OTL38 and SS180
utilize a cyanine backbone dye [15]. However, EC17 and OTL38 both exhibit small Stokes
Shifts of 50 nm and 20 nm, respectively, while a small change in the molecular structure

of the component connecting the fluorophore and ligand in SS180 results in a much

larger Stokes Shift of 129 nm. This wider difference between the peak excitation and
emission wavelengths theoretically should allow for better differentiation of the spectra and
generation of a cleaner fluorescence signal by eliminating issues such as reflection and
autofluorescence. Therefore, our goal was to compare SS180 with OTL38 in established cell
lines and murine flank tumor models to assess the optimum administration of SS180. We
hypothesize that the unique excitation and emission spectra of SS180, a novel FRa-targeted
dye, will improve fluorescence signal quality compared to existing dyes.

Materials and Methods

Results

Please see the Electronic Supplementary Materials for details on methodology for all
experiments and data analysis.

Optical Properties of SS180 and OTL38

Prior to evaluating OTL38 and SS180 (Fig. 1) in the cell and murine models, we confirmed
the optical properties of both dyes and optimized their detection on the VIS for subsequent
analysis. First, excitation and emission spectra were obtained on a fluorometer (Fig. 2a),
which determined that OTL38 had peak excitation and emission spectra at 773 nm and
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795 nm, resulting in a Stokes Shift of 22 nm. SS180 had peak excitation and emission
spectra at 612 nm and 741 nm, resulting in a Stokes Shift of 129 nm. After determining

the peak excitation and emission spectra, fluorescence intensity was assessed using the peak
excitation and emission wavelengths for SS180 and OTL38, on serial dilutions ranging from
3.91x1078 to 1x107> M. The trials were run in triplicate. The fluorescence of DPBS was
measured for each set of fluorescence parameters to use as the background readings and
were 1.04 at the SS180 parameters and 15.97 at the OTL38 parameters. Readings were then
normalized to the fluorescence of DPBS and averaged to yield a peak signal to background
ratio (SBR) of 437 for SS180 and 54 for OTL38 (p < 0.0001) (Fig. 2b). Finally, we assessed
serial dilutions using the IVIS to maximize the SBR of SS180 and OTL38, relative to DPBS,
to ensure optimal signal detection in the murine experiments (Fig. 2c), with the optimal
excitation and emission parameters for SS180 and OTL38 being 640/780 nm and 745/800
nm respectively. Due to the limitations of the excitation and emission parameters of the
IVIS, a correction factor was used to further assess whether SS180 performed superiorly
compared with OTL38. At the highest concentrations, OTL38 had a SBR ranging from 2.3
to 4.3 times greater than that of SS180 at their respective, optimized IVIS excitation and
emission parameters. As a result, 2 was used as the correction factor, an underestimate

of what was observed in the IVIS dye optimization, to better assess whether SS180 had
superior /in vivo fluorescence signal or binding properties.

In Vitro Analysis

Using a library of murine and human cancer cell lines, we set out to optimize the detection
of SS180 and OTL38. First, tumors of each cell line were grown in athymic nude mice,
were harvested, formalin-fixed, paraffin embedded, sectioned, and stained for FRa (Fig. 3a).
We observed variable expression of FRa during the immunohistochemical analysis. These
cell lines were then incubated in media spiked with SS180 and processed for fluorescence
microscopy and flow cytometry, both of which demonstrated fluorescence that correlated
with FRa expression as determined by immunohistochemistry (Fig. 3a).

Next, we set out to determine peak fluorescence for both SS180 and OTL38 using cellular
models. Using KB cells, which exhibited the highest expression of FRa, we incubated cells
in media spiked with SS180 or OTL38 at concentrations of 1 uM, 2 uM, 5 pM, and 10

UM for up to 24 hours. The fluorescence microscope, with filters specified to both dyes,
detected membrane binding of SS180 and OTL38 in a dose- and time-dependent manner
(Fig. 3b, 3c). Similarly, flow cytometry showed increases in MFI that exhibited similar
trends, with plateauing of the MFI occurring after 8 hours (Fig. 3d). Additionally, across all
concentrations and time points, SS180 had a consistently higher MFI.

In Vivo Analysis

Following the cellular studies, we assessed the efficacy of SS180 compared with OTL38 in
a murine flank tumor model. As OTL38 and SS180 are both renally excreted, we used a
subcutaneous tumor model on the scruff of the neck. 1x106 KB cells were subcutaneously
injected, and tumors were monitored until they reached a volume of 500 mm3. Mice then
received a tail vein injection of 100 pl of SS180 or OTL38 in concentrations of 1 uM,

2 UM, 5 uM, or 10 uM. Control mice were injected with DPBS without dye. Mice were
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subsequently imaged immediately and at 0.5, 1, 2, 4, 8 and 24 hours after injection at the
optimum excitation and emission parameters, 745/800 nm for OTL38 and 640/780 nm for
SS180. Images were then processed on Imaged, with the mean signal intensity of the tumor
divided by the mean signal intensity of normal tissue immediately surrounding the tumor to
generate the TBR (Fig. 4a). We observed peak TBRs in SS180 at 8 hours and at 24 hours for
OTL38, though the peak TBR for SS180 was not significantly greater than that of OTL38 (p
=0.0806) (Fig. 4b).

After the mice were imaged at 24 hours, tumors and muscle were harvested. The tumors
were then imaged ex vivo on the VIS, and TBRs were subsequently calculated, using the
control tumor as reference. We calculated peak TBRs of 4.59 for mice treated with OTL38
and 2.64 for mice treated with SS180 (p = 0.0210) (Fig. 4c). Notably, dosing above 5 uM did
not result in an increased TBR ex vivo for SS180 (p = 0.7148). Following ex vivo analysis,
tumors and muscle were embedded in O.C.T. and sectioned. Slides were then imaged which
revealed both SS180 and OTL38 localized to the tumor, but not to healthy muscle (Fig.

4d). Sections were also imaged on the fluorescence microscope, which demonstrated the dye
localized to the cell membrane of the tumor cells, and not just to the periphery of the tumor.

Biodistribution and Toxicity

Following assessment of OTL38 and SS180 in the flank tumor model, we treated several
more mice with flank tumors with SS180 and OTL38 to assess biodistribution and systemic
toxicity. Mice with flank tumors were euthanized 24 hours after receiving 100 pl of 10

UM solutions of OTL38, SS180 or pure DPBS. Tumors and healthy tissue were harvested,
including heart, lung, adipose, liver, spleen, stomach, kidneys, small intestine and large
intestine. In the control mice, liver, stomach, and large intestine all exhibited fluorescence
at the fluorescence parameters for both OTL38 and SS180. Mice receiving both OTL38 and
SS180 exhibited significant fluorescence in the kidneys and the tumor (Fig. 5).

Dye Sensitivity Analysis

Next, we sought to determine the ability of SS180 and OTL38 to detect microscopic

levels of disease. KB cells were incubated in media spiked with OTL38 or SS180 at a
concentration of 10 UM, were counted, and injected subcutaneously in amounts up to 5x108
cells in 50 pl (Fig. 6a). Mice were then imaged on the IVIS using the optimal excitation and
emission parameters and images were processed using ImageJ to calculate TBRs (Fig. 6b).
TBRs greater than 2 were observed when 5x10° cells were injected, 2.67 for S$180 and 2.03
for OTL38 (p = 0.05).

Next, we investigated how diluting fluorescently labeled cells with unlabeled cells altered
the fluorescence intensity. 1x10° cells labeled with SS180 or OTL38 were injected
subcutaneously in 50 pl alone, or diluted with 1x108, 2x108 or 3x108 unlabeled cells. Mice
were imaged on the VIS at the optimal parameters and processed using ImageJ to determine
TBRs. Notably, S5180 had a higher TBR at 1x10° cells, 2.18, compared with OTL38, 1.90
(p = 0.049) (Fig. 6¢). Compared with the diluted labeled cells, 1x108 SS180 cells had higher
TBRs than when diluted with 3x10° cells (TBR = 2.18 vs. 1.73, p = 0.0322), 2x10° cells
(2.18 vs. 1.48, p = 0.0005) and 1x106 cells (2.18 vs. 1.73, p = 0.0103). In contrast, the TBR

Mol Imaging Biol. Author manuscript; available in PMC 2022 March 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Corbett et al.

Page 6

did not change significantly when OTL38 labeled cells were diluted with 3x108 cells (TBR
=1.90vs. 1.97, p = 0.617), 2x10°% cells (1.90 vs. 1.71, p = 0.1635) and 1x108 cells (1.90 vs.
1.79, p = 0.2818).

Lastly, depth of penetration of OTL38 and SS180 fluorescence signal was evaluated using
a phantom tumor model consisting of agarose and gelatin (Fig. 6d). This model assessed
the signal strength of dye-spiked agarose at 2 mm, 7 mm, and 12 mm from the surface

for both dyes. The strongest fluorescence signal for both dyes was detected at 2 mm depth
from the surface. Fluorescence signal was not detected in either OTL38 or SS180 12 mm
from the surface. At 2 mm from the surface, OTL38 exhibited fluorescence signal that was
significantly greater than that of SS180 (19.41 vs. 5.91, p = 0.0159). There was almost no
difference in fluorescence signal intensity at a depth of 7 mm (1.92 vs. 1.82, p = 0.8696)
(Fig. 6e).

Discussion

IMI can accurately detect positive surgical margins and locate multifocal disease not
visualized on preoperative imaging. As IMI becomes more widely researched and
approaches widespread adoption in the operating room, new camera systems and fluorescent
dyes have been developed to overcome IMI’s limitations. For pulmonary nodules, ICG, a
non-targeted dye, was the first dye studied. EC17, the first targeted molecular imaging agent,
improved specificity over ICG. However, its utility was limited by autofluorescence and
poor signal differentiation from surrounding tissues due to peak excitation and emission

in the visible range of light. OTL38 excites and emits in the NIR range and overcomes

these problems. However, false positives and tissue- and photon-scattering make OTL38
imperfect. SS180 attempts to overcome these shortcomings due to its unique Stokes Shift,
the gap between the excitation and emission spectra, which is almost six times that of
OTL38.

During the analysis of the optical characteristics of SS180 compared with OTL38, we
observed a significantly higher peak SBR for SS180. Importantly, though the peak
fluorescence intensity at its optimal parameters was higher for OTL38, the background
signal, plain DPBS, was also significantly higher. Thus, the corrected SBRs were ultimately
greater for SS180. At the exact excitation and emission parameters of OTL38, the small
Stokes Shift resulted in significant fluorescent signal from DPBS. We believe this was
primarily from signal reflection from the highly overlapping excitation and emission spectra
of OTL38. Interestingly, subsequent analysis on the IVIS, where the fluorescence parameters
are limited by those used in the device, the emission and detection peaks were 55 nm apart
for OTL38. This wider gap decreased the signal intensity of the background and resulted

in a higher SBR for OTL38 at its optimal parameters compared with SS180. Due to this
limitation, an underestimated correction factor of 2 was used to further assess the calculated
TBRs of SS180 to better assess whether this novel dye may function differently /in vivoand
in vitrowhen compared to OTL38, or if all observed differences were due to the baseline
increased fluorescence intensity of OTL38, at least when detected by the IVIS.
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Prior to assessment in the murine models, we sought to demonstrate FRa. binding of SS180.
The library of human lung cancer cell lines exhibited variable expression of FRa. In both
the fluorescence microscopy and flow cytometric analysis of SS180 binding to these cell
lines, we observed increased fluorescent signal with increasing receptor expression and
similar increases in MFI with flow cytometry. In a direct comparison with OTL38 in the

KB cell line, which exhibited the highest level of FRa expression, we observed receptor
saturation after 8 hours of incubation, with minimal increase in MFI after 8 hours. Although
the parameters of the flow cytometer match the excitation and emission spectra of SS180
more closely than those of OTL38, we observed higher MFIs at each time point and
concentration with SS180 than with OTL38 after being normalized to the same approximate
MFI for the negative control. The fluorescent signal similarly increased with increasing
incubation concentrations and times as seen on fluorescence microscopy.

The murine flank tumor model exhibited seemingly contradictory findings: /n vivo, SS180
had a greater TBR at its maximum compared with OTL38, though this was not statistically
significant. £x vivo, OTL38 and SS180 both exhibited TBRs greater than 2 that were similar
at 5 uM. While doubling the dose of OTL38 resulted in a near doubling of the TBR at a dose
of 10 pM, TBRs with SS180 did not increase any further beyond 5 uM. In considering the /n
vivoand ex vivo results together, this suggests that autofluorescence and background signal
affects the TBR of OTL38, but not in SS180 to the same extent. The removal of surrounding
healthy tissues and comparison with a treatment naive tumor results in a much greater TBR
for OTL38, but not SS180 at the highest dosing level.

When accounting for the correction factor in our additional analysis of the /i vivo and

ex vivo models employed in this study, there appear to be numerous potential benefits of
SS180 compared with OTL38. In the uncorrected, ex vivo analysis of flank tumors of mice
treated with the two dyes, at the highest dosing, the OTL38 tumors had TBRs of 4.59,
compared with 2.64 in mice treated with SS180 (1.7 times greater than OTLS8). /n vivo,

the TBR of SS180 treated mice was greater than that of OTL38 treated mice. When taking
the correction factor into account, SS180 would have superior fluorescence signal in both
of these experiments. This suggests several benefits of SS180. Ex vivo, where background
signal should no longer be a contributing factor, uncorrected OTL38 TBRs are less than two
times greater than that of SS180, which suggests superior accumulation of the dye in tumors
compared to tumors with OTL38. /n vivo, any remaining advantage of the fluorescence
intensity of OTL38 is overcome by the minimal background signal of SS180, leading to
similar, and in some cases superior fluorescence signal in SS180 treated mice.

The subcutaneous model of fluorescently labeled cells served as a new approach in the
assessment and comparison of OTL38 and SS180. One of the major benefits of IMI in
clinical scenarios is its ability to detect multifocal disease too small to be detected on
preoperative imaging [16, 19]. Though neither dye generated a TBR of greater than 2 until
at least 5x10° cells were injected, the TBR of SS180 at that volume was significantly
greater. Previous assessments of current imaging modalities estimate that 1 cm3 of tumor
contains approximately 1x10° cells [5]. IMI with OTL38 has been demonstrated to detect
pulmonary nodules as small as 2 mm or 0.008 cm?3 [18]. This equates to just 0.8% of that
1x10°9 cells, or 8 million cells. Five million cells would equate to a lesion even smaller,
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or approximately 1.7 mm. Thus, estimates in this subcutaneous model suggest that SS180
could detect sub-centimeter multi-focal disease on a scale at least equivalent, if not greater
than that of OTL38. Again, considering the correction factor for the baseline fluorescence
intensities of the dyes using the IVIS, the background signal of OTL38 limits its ability to
be optimally detected, with SS180°’s unique spectral characteristics addressing some of these
limitations and providing an equivalent, if not superior signal /n vivo, despite its lower SBR
at baseline using these specific VIS parameters.

The dilutional subcutaneous model hopes to address how reflection may alter the signal
intensity in tumors. We also hope to assess the potential for heterogeneous tumors, where
only a fraction of the tumor may exhibit upregulation of a specific receptor, to generate

a clinically significant signal that can be detected intraoperatively. At pure injections of
1x10°% labeled cells, SS180 had a significantly greater TBR than OTL38. Once the cells
were diluted, we saw a decrease in TBR for SS180 but not for OTL38. Signal reflection
and reflection off of nearby tumor cells treated with OTL38 and excited and emitted with a
narrower Stokes Shift may ultimately compromise the ability to differentiate healthy tissue
from tumor, or in this case labeled and unlabeled tumor.

Finally, depth of penetration remains a constant concern in IMI. In our model, the most
superficial collections of dye exhibited significantly higher TBRs with OTL38 than SS180,
approximately 3 times greater. The deeper the “lesion” was, the more similar the two dyes
TBRs were, with a significantly smaller drop-off in signal intensity observed with SS180
compared with OTL38. Although the baseline signal intensity is greater in OTL38, these
findings suggest that SS180 may be relatively superior compared with OTL38 for deeper
lesions. Although no fluorescence signal was noted for the deepest collection with either
dye, with larger tumors, there may be a depth at which SS180 would be superior to OTL38
for fluorescence signal detection. Ultimately, lesion depth appears to have a greater effect
on OTL38 than SS180 fluorescence, suggesting an additional instance where a broad stokes
shifts with NIR features may help improve fluorescence imaging.

Two important features of SS180 may explain its improved TBR /n vivo, but decreased
fluorescence when visualized ex vivo or in assessing serial concentrations on the IVIS. First,
the small change in the chemical structure of SS180 results in a significant change in the
Stokes Shift. The Stokes Shift is the difference in the wavelength of excited and emitted
light. The emitted light, at a higher wavelength, is consequently at a lower energy. Thus, the
change in structure from OTL38 to SS180 results in a greater loss in energy for any photon.
This greater loss in energy may also correlate with the efficiency of the dye, or how many
excited photons are ultimately emitted. A lower efficiency dye would emit fewer photons,
and also decrease the maximum signal intensity. This may account for the smaller maximum
fluorescence intensity observed on the fluorometer or in our ex vivo tumor analysis but was
negated by the increased background reading due to reflection from the narrow Stokes Shift
of OTL38.

Second, the chemical structure of SS180 may also result in more avid binding to FRa with
less remaining in the surrounding parenchyma. Specifically, the link between the cyanine
backbone dye and folate ligand in OTL38 contains a planar benzene ring, while SS180
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contains a hydrocarbon chain. The stereochemistry directly adjacent to the folate ligand may
alter the binding capacity and properties, ultimately limiting the binding of OTL38 more
than SS180. This stereochemical interference would ultimately result in less dye binding to
the tumor, with more remaining in the animal or excreted, potentially increasing background
signal and decreasing TBR. This may also explain the minimal increase in TBR in doses
greater than 5 UM in our ex vivotumor analysis of SS180 as FRa may already be saturated
at the lower dose.

Conclusion

IMI has the potential to improve the detection of multifocal disease and real-time margin
assessment to assist the surgeon in completely resecting solid tumors and improving the
patient’s chance at attaining a cure. Here we have described advances and improvements in
pre-existing FRa-targeted dyes due to optimized fluorescence parameters of SS180. Though
the overall fluorescence intensity and efficiency of SS180 are weaker than that of OTL38,
SS180 has decreased reflection and autofluorescence in our cellular and murine flank tumor
models. This may be due to the optical or stereochemical properties of the dye. This

may ultimately equate to a cleaner, stronger fluorescent signal with less dye administered.
OTL38 has already demonstrated promise in clinical trials [18, 20-22]. However, the
translation of pre-clinical models does not always correlate in clinical outcomes [23]. Still,
its success in these pre-clinical models warrants further investigation. Large animal models
of spontaneously occurring lung cancers may help better assess and optimize dosing and the
biophysical properties of SS180 before translating to clinical trials.

Supplementary Material
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®0

$5180 has a chemical formula of CggHggMygNa 40455, and a molecular weight of 1379.42

Figure 1.
Chemical formula, structure, and molecular weight of a OTL38 and b SS180 reveals a

highly conserved structure with variation only in the cross-link between the folate ligand and
cyanine backbone dye (red)
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Figure 2.
a Excitation and emission spectra of OTL38 (Ex: 773 nm, Em: 795 nm,

Stokes Shift: 22

nm) and SS180 (Ex: 612 nm, Em: 741 nm, Stokes Shift: 129 nm); b Serial concentrations

of OTL38 and SS180 were analyzed using fluorometry with peak fluorescence intensities

of OTL38 and SS180 at optimal fluorescence parameters demonstrating greater signal to
background ratio (SBR) for SS180 compared with OTL38 (437 vs. 54, p < 0.0001); Serial
concentrations of the dyes were used to optimize fluorescence parameters for both dyes with
the In Vitro Imaging System (IVVIS). ¢ Optimal parameters for OTL38 (Ex: 745 nm, Em: 800
nm) and SS180 (Ex: 640 nm, Em: 780 nm) with average SBRs of OTL38 at least twice that

of SS180 at each concentration for the optimized parameters.
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Figure 3.
a Correlation of immunohistochemistry, fluorescence microscopy, and flow cytometry

demonstrates binding of SS180 correlates with FRa expression (by row: FRa staining,
SS180 fluorescence microscopy, SS180 flow cytometry, values reported as mean
fluorescence intensity [MFI]); b Dose- and ¢ Time-dependent binding of SS180 and OTL38
to FRa; d Summary graph of MFI over dose and time for SS180 and OTL38
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a Sample 1VIS images and TBR processing using ImageJ of murine flank tumor model

for mice treated with OTL38 or SS180 systemically. Left to Right: black and white view,
fluorescence heat map, fluorescence, estimation of tumor fluorescence, and estimation of
background fluorescence; b Maximum TBR of OTL38 and SS180 /n vivoreveals peak TBR
of 1.22 for OTL38 treated mice at 10 uM, 24 h after injection and of 1.35 for SS180 treated
mice at 10 pM, 8 h after injection (p = 0.0806). ¢ £x vivo assessment of harvested flank
tumors reveals OTL38 treated mice had a higher peak TBR than SS180 treated mice (4.59
vs. 2.64, p = 0.0210); d Cross-sectional imaging of tumors and normal muscle tissue in dye-
naive, OTL38 treated mice and SS180 treated mice reveals OTL38 and SS180 accumulates
on the tumor (Tm) cell surface but not on normal tissue (NI — muscle).
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Figure 5.
Biodistribution and systemic toxicity studies of mice after injection with 100 pL of 10 uM

OTL38 or SS180. Top Row, Dye-Naive Mice; Bottom Row, Treatment Mice. Tm = Tumor,
Ht = Heart, Ln = Lung, Ad = Adipose, Li = Liver, Sp = Spleen, St = Stomach, Ki = Kidney,
S| = Small Intestine, LI = Large Intestine. Dye-Naive Mice were imaged at OTL38 and
SS180 IVIS parameters for complete comparison.
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Figure 6.
a Sample 1VIS images and TBR processing using ImageJ of subcutaneous injection model

for mice injected with OTL38 or SS180 incubated cells. Left to Right: black and white

view, fluorescence heat map, fluorescence, estimation of cell injection fluorescence, and
estimation of background fluorescence; b Subcutaneous injection of SS180 incubated cells
has a greater TBR compared with OTL38 incubated cells at 5x10° cells (p = 0.05), the
minimum number of cells necessary to generate a TBR > 2 with either dye; ¢ Subcutaneous
injection of OTL38 and SS180 incubated cells mixed with unlabeled cells shows unlabeled
cells do not alter the TBR of labeled cells in OTL38 (25% labeled cells, TBR = 1.97 vs.
100% labeled cells, TBR = 1.90, p = 0.617; 33% labeled cells, TBR = 1.71 vs. 100% labeled
cells, TBR = 1.90, p = 0.1635; 50% labeled cells, TBR = 1.79 vs. 100% labeled cells, TBR =
1.90, p = 0.2818), but unlabeled cells dilute fluorescence signal strength in SS180 incubated
cells (25% labeled cells, TBR = 1.73 vs. 100% labeled cells, TBR = 2.18, p = 0.0322; 33%
labeled cells, TBR = 1.48 vs. 100% labeled cells, TBR = 2.18, p = 0.0005; 50% labeled
cells, TBR = 1.73 vs. 100% labeled cells, TBR = 2.18, p = 0.0103); d Sample IVVIS images
of phantom depth model with fluorescence heat map (top) and fluorescence (bottom); e Dye
fluorescence in phantom model showed significantly higher fluorescence for superficial dye
deposits at 2 mm with OTL38 compared with SS180 (19.41 vs. 5.91, p = 0.0159), but not

at deeper dye deposits of 7 mm (1.92 vs. 1.82, p = 0.8696). OTL38 and SS180 were not
detected at a depth of 12 mm.
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