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Abstract:

Using fluorescence guided surgery (FGS) to cytoreductive surgery helps achieving complete
resection of microscopic ovarian tumors. The use of visible and NIR-I fluorophores has led to
beneficial results in clinical trials; however, involving NIR-II dyes seems to outperform those
benefits due to the deeper tissue imaging and higher signal/noise ratio attained within the NIR-
IT optical window. In this context, we developed NIR-II emitting dyes targeting HER2-positive
ovarian tumors, by coupling water-soluble NIR-II aza-BODIPY dyes to the FDA approved anti-
HER2 antibody, namely trastuzumab. These bioconjugated NIR-II-emitting dyes displayed a
prolonged stability in serum, and a maintained affinity towards HER2 in vitro. We obtained
selective targeting of HER2 positive tumors (SKOV-3) in wvivo, with a favorable tumor
accumulation. We demonstrated the fluorescence properties and the specific HER2 binding of
the bioconjugated dyes in vivo, and thus their potential for NIR-II FGS in the cancer setting.

Keywords: aza-BODIPY, NIR-II imaging, bioconjugated dye, site-specific bioconjugation,
ovarian cancer, HER2.
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Introduction:

Ovarian cancer is the most lethal gynecologic cancer, with 75% of patients being diagnosed at
advanced or late stages, and 5-year relative survival being under 50% !. The typical standard of
care consists in performing cytoreductive surgery followed by platinum-based chemotherapy.
Depending on the surgeon’s visual inspection and palpation during surgery, cytoreductive
surgery allows the resection of large and visible tumors. However, the identification of
microscopic lesions remains challenging, even for skilled surgeons. Those residual tumors are
considered as an important predictor of survival, with a 5.5% increase in the median survival
achieved for each 10% increase in optimal cytoreduction ?, with patients undergoing complete
or optimal cytoreduction (resected tumor size = 1-10 mm) showing improved overall survival as
compared to patients undergoing suboptimal cytoreduction (resected tumor size > 10 mm) 3.
With the aim of reducing mortality, the ultimate goal is to optimize surgical procedures to
achieve complete resections.

To this end, fluorescence guided surgery, a safe (non-ionizing), inexpensive, sensitive and real-
time intraoperative molecular imaging technique, was introduced into clinical practice *.
Fluorescence guided surgery (FGS) is based on the use of a fluorophore, alone or coupled to a
targeting moiety, that labels for example cancer cells to improve their detectability versus
healthy tissues, thus increasing the complete resection rate. Among the fluorophores developed
for tumor imaging and in particular for FGS, some of them are emitting in the visible range 5,
and other fluorophores are emitting in the NIR region (700-900 nm) °.

In the last couple of years, the NIR-II optical window (1000-1700 nm, also called SWIR for
ShortWave Infrared) caught increasing attention due to its even reduced tissue autofluorescence
and less photon scattering as compared to NIR-I, with higher light penetration depths,



improved signal-to-noise ratios and high-resolution images 7. In this context, many NIR-II
fluorophores have been reported in the literature. Some of them may present potential toxicity
due to their chemical composition as QDots®, or are difficult to bioconjugate efficiently®.
Interesting results have been obtained with organic compounds bioconjugated to peptides', but
few compounds are reported to have a photostable NIR-II emission with a favorable quantum
yield, while coupled to antibodies'’. In parallel, we recently developed a NIR-II emitting
fluorophore based on aza-BODIPY platform named SWIR-WAZABY-01 2. As other aza-
BODIPYs, this dye possesses an excellent photostability 3. Its NIR-II emission properties, and
water-solubility favored its use for biological applications, in particular for in vivo tumor
imaging 2. Following intravenous administration, SWIR-WAZABY-01 is transported in the
bloodstream wvia natural lipoproteins, enabling the specific labeling of tumors overexpressing
lipoprotein receptors, LDLR and SR-BI, namely LDL receptor and Class B Scavenger receptor
B1, respectively. The NIR-II emitting dye accumulated significantly in the tumor area in the
absence of any targeting moiety . In order to benefit from SWIR-WAZABY-01 unique NIR-II
photophysical properties and to target ovarian tumors regardless of their lipoprotein receptors
expression profiles, we coupled this NIR-II emitting dye to trastuzumab, an antibody specific to
HER2 (human epidermal growth factor receptor 2) which is overexpressed in several tumor
types including ovarian tumors .

In this study, we report the development of a NIR-II dye targeting HER2-positive ovarian
cancer (aza-SWIR-trastuzumab-01), based on the water-soluble aza-BODIPY dye SWIR-
WAZABY-01 conjugated to trastuzumab antibody. A specific bioconjugation process was
applied, resulting in a stable cancer targeting dye with a maintained affinity for HER2, both in
solution and in vitro. In vivo, aza-SWIR-trastuzumab-01 showed a high selectivity to ovarian
cancer expressing HER2, which was not the case for non-targeted fluorophore SWIR-
WAZABY-01. To increase the optical properties of the dye, another bioconjugate - aza-SWIR-
trastuzumab-02 - based on a brighter water-soluble aza-BODIPY dye - SWIR-WAZABY-02 -
conjugated to trastuzumab antibody, was also synthesized. Compared to aza-SWIR-
trastuzumab-01, aza-SWIR-trastuzumab-02 showed an important tumor/muscle ratio, superior
to those reported in the literature for optical imaging °.



Results and discussion:

Chemical synthesis

For a selective targeting, we coupled the SWIR-WAZABY-01 to the monoclonal antibody
trastuzumab. Indeed, the high and prolonged photo- and chemical stabilities of SWIR-
WAZABY-01 > * made it compatible with the slow biodistribution of the antibodies. To carry
out the proof-of-concept of targeted tumor imaging in the NIR-II region, we worked with two
types of bioconjugation: i) a random bioconjugation, based on the reaction between the dye and
the amino group available on the different free lysins of the trastuzumab antibody, and ii) a site-
specific bioconjugation, which allows tethering the dye to the modified oligosaccharide chains
(Fc part) of the antibody (Figure 1a). The SWIR-WAZABY-01 precursor (i.e. compound aza-
propargyl-01) was modified in order to add a grafting function on the dye to perform the
different bioconjugations (Scheme S1 and Figures S1-5S6).
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Figure 1: (a) Chemical structure of SWIR-WAZABY-01. (b) Schematic representation of the grafting of a dye on
trastuzumab antibody using random bioconjugation (left) and specific bioconjugation with GlyCLICK® kit (right). (c)
Schematic representation of the modification of trastuzumab antibody using GlyCLICK®.

The goal of the synthesis was the grafting of a TOTA (4,7,10-trioxa-13-tridecanamine) group on
compound aza-propargyl-01 in two steps. The compound aza-propargyl-01 and 4-
bromomethylbenzoic acid were solubilized in THF and refluxed overnight to isolate aza-acid-01
in 22% yield. Following a peptidic coupling in presence of HBTU, aza-acid-01 reacted with



TOTA-Boc at 30 °C for 1.5 h in DMF in basic medium. The quaternization of the remaining
amine was performed using an excess of iodomethane in DCM followed by a deprotection step
to isolate aza-TOTA-01 in 15% yield, after a semi-preparative HPLC purification.

For the random bioconjugation (Figure 1a left), aza-TOTA-01 was modified by adding a
squaramate group to get aza-squaramate-01 in 83% yield. This dye was incubated with
trastuzumab in bicarbonate buffer (pH = 8.9) to obtain a degree of labeling (DOL) of 2 (i.e. two
dyes grafted per antibody). A DOL of around 2 enables to prevent any fluorescence signal
quenching, preserves the antibody’s affinity towards HER-2, and limits the impact on the
antibody’s distribution 7. Two parameters were modified for the bioconjugation: the time of
reaction and the number of equivalents of aza-squaramate-01 used. Unfortunately, despite the
various attempts, only a few dyes were effectively grafted (DOL < 1), this is why the
bioconjugation was then performed in a site-specific way.

For the specific bioconjugation (Figure la right), a constrained cyclic alkyne group was
introduced onto aza-TOTA-01 via a constrained cycle BCN (bicyclo[6.1.0]nonyne) to lead to aza-
BCN-01 in 56% yield. The site-specific bioconjugation allowed to obtain a DOL around 2,
reproducibly. To this end, the trastuzumab antibody was modified with two azide functions,
enabling the reaction with aza-BNC-01 via a strain-promoted alkyne-azide cycloaddition
(SPAAC) (copper-free click-chemistry) . Azides were introduced onto the oligosaccharide
chain of the antibody Fc part using GlyCLICK® technology based on two enzymes (Figure 1b).
First, the EndoS hydrolyzed the binding between two N-acetylglucosamines resulting in a
deglycosylated trastuzumab. Then, the GalT ensured the transfer of an azide-bound galactose
from UDP-GalNaz to the deglycosylated antibody, generating the trastuzumab-Ns.
Trastuzumab-Ns was incubated with 15 equivalents of aza-BCN-01 in phosphate buffer (PBS,
pH = 7.4) overnight, and purified by fast protein liquid chromatography (FPLC). The purified
aza-SWIR-trastuzumab-01 was concentrated, and the trastuzumab’s degree of labeling (DOL)
was determined using MALDI-TOF mass spectrometry analyses. A DOL of 1.9 dyes per
antibody was obtained (Figure S7a).

Stability and specificity

The fluorescence stability of aza-SWIR-trastuzumab-01 was assessed at 37 °C in the presence of
murine serum at different timepoints (0, 24, 48, and 72 h) to mimic in vivo conditions (Figure 2).
The incubated mixtures were then separated on a polyacrylamide gel under native and
reductive conditions (in presence of DTT and heating to 95 °C), followed by fluorescence image
analysis (according to previously reported procedure ). As expected, no fluorescence was
detected for non-labeled trastuzumab antibodies. Concerning aza-SWIR-trastuzumab-01, under
native conditions, a single fluorescent band was observed at the position ~ 150 kDa, which
corresponds to the size of the full trastuzumab antibody #. No evolution or decline in the
fluorescence signal was observed after 72 h of incubation, indicating the stability of the



bioconjugate under murine physiological conditions. Under reducing conditions, the disulfide
bridges connecting the heavy and light chains of the antibody are broken, and we observed the
fluorescence bands at lower molecular weights (~ 50 kDa), corresponding to the approximate
weight of antibody’s heavy chains 2. No fluorescence was observed at the light chain position (~
25 kDa) 2. These data confirm that the dye was specifically grafted on the antibody heavy (Fc)
chain. Similar data were also obtained when the incubation was performed with human serum
(Figure S8).
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Figure 2: Assessment of aza-SWIR-trastuzumab-01 stability in murine serum solution. Superimposed fluorescence
image (in green) and bright field image of aza-SWIR-trastuzumab-01 + serum mixture migration on SDS-PAGE gel,
under native and reducing conditions (DTT + heating). Aza-SWIR-trastuzumab-01 was incubated in murine sera for
0, 24, 48 and 72 h. Free trastuzumab (non-fluorescent, trastu) incubated with serum for 72 h, served as a control.

To assess whether the fluorophore grafting steps altered the affinity of trastuzumab towards its
target (HER2), a biolayer interferometry experiment was performed 2. This experiment allowed
the study of the association/dissociation dynamics of aza-SWIR-trastuzumab-01 with HER2
protein (Figure 3b). Accordingly, the affinity of aza-SWIR-trastuzumab-01 for HER2 (Kb) was
calculated (Figure 3c). Using similar experimental conditions, the affinity of trastuzumab for
HER2 (Kb) was calculated and served as a control (Figure 3a,c). The Ko of aza-SWIR-
trastuzumab-01 (Ko = 9.5 nM + 2.5 nM) was only slightly altered compared to that of native
trastuzumab (Ko = 4.8 nM * 1.8 nM), indicating that the applied bioconjugation resulted in the
aza-SWIR-trastuzumab-01 product with a conserved affinity for HER2.



For confirmation, the targeting capacity of the aza-SWIR-trastuzumab-01 towards the HER2
was also investigated in vitro. Two ovarian tumor cell lines were selected, a HER2-positive cell
line (SKOV-3) and a HER2-negative cell line (OVCAR-3) (Figure 3d). The cells were incubated
with aza-SWIR-trastuzumab-01, and their fluorescence signal was assessed using flow
cytometry (Figure 3e,f). After 2 h of incubation, 60% of SKOV-3 cells were fluorescent compared
to 6% of OVCAR-3 cells, demonstrating a much higher specificity of aza-SWIR-trastuzumab-01
towards cells expressing the HER2 receptor (ie. SKOV-3 cells). Additionally, a confocal
microscopy experiment showed aza-SWIR-trastuzumab-01 fluorescence signal within SKOV-3
cells, while the labeled antibody did not accumulate into the OVCAR-3 cells (Figure 3g,h). This
experiment confirmed the previous results, and suggested that aza-SWIR-trastuzumab-01 is
internalized into cells expressing HER2. As a control, the internalization of SWIR-WAZABY-01
was similar in both cell types (Figure S9).
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Figure 3: Assessment of aza-SWIR-trastuzumab-01 affinity to HER2 in solution (a-c) and in vitro (e-h). (a-b)
Association/dissociation curves representing the interaction between free trastuzumab (a) or aza-SWIR-trastuzumab-
01 (b) (different concentrations: 1.6 to 100 nM) and HER2 proteins (coated on the biosensor), obtained using biolayer



interferometry on an Octet Red96 system. (c) Ko determination from standard curve of free trastuzumab (Ko= 4.8 nM
+ 1.8 nM) and aza-SWIR-trastuzumab-01 (Ko = 9.5 nM + 2.5 nM). (d) HER2 and lipoprotein receptors (LDLR, SR-BI)
expression in SKOV-3 and OVCAR-3 cells, assessed by western blotting of whole cell extracts. GAPDH served as a
loading and transfer control. (e-f) Flow cytometry histograms of SKOV-3 (e) and OVCAR-3 cells (f) incubated (red
lines) or not (black lines) with aza-SWIR-trastuzumab-01, with the percentage of fluorescently labeled cells indicated.
(g-h) Confocal images of SKOV-3 (g) and OVCAR-3 (h) cells incubated with aza-SWIR-trastuzumab-01 for 2 h. The
aza-SWIR-trastuzumab-01 fluorescence signal is indicated in red, and mainly observed in SKOV-3 cells, and the
nucleus is counterstained in blue. Scale bars represent 20 pm.

Following the successful results obtained in vitro, the targeting potential of aza-SWIR-
trastuzumab-01 was investigated in vivo (Figure 4a). As a control, mice bearing subcutaneous
SKOV-3 and OVCAR-3 tumors were administered with the free SWIR-WAZABY-01. Similar to
previously reported data for LDL receptor-negative tumors, no significant tumor accumulation
was observed, in both SKOV-3 and OVCAR-3 tumors, at any timepoint. Indeed, as previously
described, SWIR-WAZABY-01 is carried in the blood stream wvia lipoproteins, allowing a
massive cell uptake through the lipoprotein receptors, LDLR and SR-B1 . Therefore, the weak
tumor accumulation in SKOV-3 and OVCAR-3 models could be explained by the low or absent
lipoproteins receptor expression in those tumors (Figure 3d), that limit the accumulation of
SWIR-WAZABY-01 fluorophore carried by lipoproteins. On the contrary, the administration of
the HER?2 targeting aza-SWIR-trastuzumab-01 to mice bearing HER2-positive SKOV-3 tumors
lead to a high fluorescence signal for visualizing tumors in the SWIR region, and an increasing
tumor/skin fluorescence ratio over time reaching a high value of 5.5 after 72 h of administration
(Figure 4b), as reported with other fluorescent antibodies '¢. As expected, the aza-SWIR-
trastuzumab-01 did not accumulate in OVCAR-3 HER2-negative tumors, with a poor
tumor/skin fluorescence ratio close to 1.5 (Figure 4b). These findings demonstrate aza-SWIR-
trastuzumab-01 maintained a high affinity towards HER2-positive tumors in wvivo, and
possessed the ability to vectorize the SWIR-WAZABY-01 fluorophore into HER-2 expressing
tumors, despite their low expression level of lipoprotein receptors. It is worth noting that the
injected dose of free SWIR-WAZABY-01 fluorophore was 8 times higher compared to the
amount of SWIR-WAZABY-01 grafted onto the antibodies (20 nmol versus 2.5 nmol of dye,
respectively). Therefore, a specific imaging of HER2-expressing tumors was performed using
aza-SWIR-trastuzumab-01, with very low injected doses of fluorophore.
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Figure 4: Assessment of aza-SWIR-trastuzumab-01 affinity to HER2 in vivo. (a) NIR-II fluorescence images of mice
bearing subcutaneous SKOV-3 or OVCAR-3 tumors, before and at 5, 24, 48 and 72 h post intravenous administration



of SWIR-WAZABY-01 or aza-SWIR-trastuzumab-01. Tumors are indicated by dashed circles. Images were acquired
using 100 ms of laser exposure using a LP1064 filter. (b) Tumor/Skin ratios calculated from the in vivo NIR-II
fluorescence images of the mice in (a) (n=3/condition).

Comparison between dyes

In order to increase the donor character in the “south” positions of the aza-BODIPYs and study
the influence of this modification on the NIR-II brightness of the dye, another NIR-II emitting
aza-BODIPY fluorophore was synthesized, named SWIR-WAZABY-02, for which the -OMe
were replaced by -NMe: groups (Figure 5). SWIR-WAZABY-02 and aza-BCN-02 were
synthesized following a similar synthetic pathway as described before for SWIR-WAZABY-01
and aza-BCN-01 (Scheme S1). SWIR-WAZABY-02 (Scheme S2, Figures S10-16) possessed a
higher quantum yield compared to SWIR-WAZABY-01 (Table 1), in the same range as
compared to reported NIR-II organic compounds 2. Even though its fluorescence maximum
emission peak is blue shifted compared to SWIR-WAZABY-01 (Figure 6a), SWIR-WAZABY-02
still possess an emission tail in the NIR-II region, and is brighter in the NIR-II window, in
solution and also when diluted in serum, as demonstrated in Figure 6b.

SWIR-WAZABY-02 aza-SWIR-trastuzumab-02

Figure 5: Structures of SWIR-WAZABY-02 and the resulting bioconjugate aza-SWIR-trastuzumab-02.
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SWIR-WAZABY-01 38000 2739 780 992 0.3 746 867

SWIR-WAZABY-02 73000 831 820 880 1.1 802 846

Table 1: Photophysical properties of the non-conjugated SWIR-WAZABY-01 and SWIR-WAZABY-02
dyes/fluorophores at 25 °C in DMSO or in PBS with 10% serum. Using IR 125 as reference (®r = 0.132 in ethanol)
with Aexc= 680 nm.
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Figure 6: (a) Normalized emission spectra of SWIR-WAZABY-01 (red) and SWIR-WAZABY-02 (black) in DMSO.
Aexcitation = 806 nm for SWIR-WAZABY-01 and 808 nm for SWIR-WAZABY-02. (b) Quantification of SWIR-WAZABY-
01 and SWIR-WAZABY-02 NIR-II fluorescence signal following serial dilution in blood serum.

Similar to SWIR-WAZABY-01, SWIR-WAZABY-02 was investigated in vivo. SWIR-WAZABY-
02 was injected into mice bearing SKOV-3 and OVCAR-3 tumors either alone without targeting
moiety, or as a trastuzumab bioconjugate, i.e., aza-SWIR-trastuzumab-02 (Scheme S3). Aza-
SWIR-trastuzumab-02 was synthesized using the same experimental conditions as aza-SWIR-
trastuzumab-01 and a DOL of 1.4 was obtained (Figure S7b). In vivo, SWIR-WAZABY-02 did
not label SKOV-3 and OVCAR-3 tumors, similarly to SWIR-WAZABY-01 (Figure 517), whereas
aza-SWIR-trastuzumab-02 labeled HER2-positive SKOV-3 tumors and not HER2-negative
OVCAR-3 tumors, in a similar manner to aza-SWIR-trastuzumab-01 (Figure 517).

Comparing aza-SWIR-trastuzumab-01 to aza-SWIR-trastuzumab-02, similar tumor
accumulation kinetics were observed (Figure 7a). However, aza-SWIR-trastuzumab-02 showed
a brighter SWIR fluorescence signal with reduced injection dose of fluorophore at similar
exposure timepoints (1 nmol versus 2.5 nmol of dye, respectively). The biodistribution profiles
were also studied, and the brighter aza-SWIR-trastuzumab-02 possessed higher accumulation
in the tumor and liver, and less accumulation in the other organs (Figure 7b; see also Figure
§18). As a consequence, the tumor-to-healthy tissues fluorescence ratios were more favorable
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for aza-SWIR-trastuzumab-02 when compared with aza-SWIR-trastuzumab-01 (Figure 7c). In
particular, tumor/muscle (23.3 vs. 6.9, respectively), tumor/skin (7.6 vs. 3, respectively), and
tumor/fat (26.8 vs. 7.3, respectively) ratios were all indicating the superiority of aza-SWIR-
trastuzumab-02 for tumor imaging.
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Figure 7: Comparison between aza-SWIR-trastuzumab-01 and aza-SWIR-trastuzumab-02. (a) NIR-II fluorescence
images of mice bearing subcutaneous SKOV-3 before and at 5, 24, 48 and 72 h post intravenous administration of aza-
SWIR-trastuzumab-01 or aza-SWIR-trastuzumab-02. Images were acquired at 100 ms of laser exposure with a
LP1064 filter. (b) Ex-vivo biodistribution of aza-SWIR-trastuzumab-01 and aza-SWIR-trastuzumab-02 in mice
bearing subcutaneous SKOV-3 tumors 72 h post injection. (c) Tumor/Muscle, Tumor/Skin and Tumor/Fat ratios
calculated from the organs fluorescence in (b), measured 72 h post injection.

In addition, such distribution profile and optical properties were observed in two different sub-
optical windows, i.e. 1064-1700 nm and 1250-1700 nm (Figure 8). This latter optical window
notably permits the reduction of the tissue’s autofluorescence and scattering ''. While some
discrepancies were observed between the different optical conditions, no statistical differences
were found between the measured tumor/skin ratios. The fluorescence intensity adjustment
allowed to observe tumors with relevant contrast as early as 5 h post-injection when measured
at 1064-1700 nm, or after 24 h when measured at 1250-1700 nm.
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Figure 8: Comparison between aza-SWIR-trastuzumab-01 and aza-SWIR-trastuzumab-02 at 1064 and 1250 nm. (a-
b) NIR-II fluorescence images of mice bearing subcutaneous SKOV-3 before and at 5, 24, 48 and 72 h post intravenous
administration of aza-SWIR-trastuzumab-01 or aza-SWIR-trastuzumab-02. Images were acquired at 100 ms of laser
exposure for (a) 1064-1700 nm (image color scale 500-12000) and (b) 500 ms of laser exposure for 1250-1700 nm (image
color scale 500-5000).

Conclusion

To conclude, we reported and demonstrated a specific bioconjugation technique to couple
water-soluble NIR-II emitting aza-BODIPY dyes to trastuzumab, an approved anticancer
therapeutic antibody. These vectorized aza-BODIPYs are promising fluorescent dyes for
molecular imaging and FGS applications, because of their strong photostability and
fluorescence properties. We showed that the resulting bioconjugates maintained prolonged
fluorescence stability and affinity towards HER2 receptors both in solution and in vitro. In vivo,
the bioconjugated dyes conserved their fluorescence properties and allowed the specific
labeling of HER2-positive ovarian tumors. The obtained tumor/muscle ratios demonstrated the
potential of the NIR-II bioconjugated dyes for NIR-II fluorescence-guided surgery. This
bioconjugation process employed here should be useful for coupling other aza-BODIPYs to
antibodies, thus allowing the targeting of a wider range of tumors with unique fluorescence
properties.

Material and Methods:

The chemical synthesis will be described in the supplementary information; all the HPLC are
provided in this section (Figures S1-S6 and Figure S10-16).

Reagents and chemicals for synthesis:

Reactions were carried out in analytical reagent grade solvents from Carlo Erba under normal
atmosphere. Non-stabilized dry solvents were purchased from Carlo Erba and dried using a
MB-SPS-800 (MBraun) or PureSolv-MD-5 (Inert®). All reagents purchased from
SigmaAldrich™, Thermo Fisher Scientific™ or ACROS Organics™ were used as received
without further purification. Reactions were monitored by thin-phase chromatography and RP-
HPLC-MS. Analytical thin-phase chromatography was performed using Merck 60 F254 silica
gel (precoated sheets, 0.2 mm thick). Column chromatography was carried out using silica gel
(SigmaAldrich; 40-63 um 230-400 mesh 60A). Purity was determined from HPLC analysis and
was >95 % for all the injected compounds.

Photophysical studies:

Absorbance measurements were recorded on a UV-Vis-NIR spectrophotometer Cary5000
between 300 and 1200 nm. Steady-state photoluminescence spectra were measured from 700 to
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1500 nm with a calibrated FSP 920 (Edinburgh Instruments, Edinburgh, United Kingdom)
spectrofluorometer equipped with a nitrogen-cooled PMT R5509P. Relative measurements of
photoluminescence QYs (®fx) were performed using the dye IR125 dissolved in
dimethylsulfoxide (DMSO) as reference. The QY of this dye was previously determined
absolutely to ®@f,st = 0.23. The relative QY were calculated according to the formula of Demas
and Crosby, see equation below.

FefstQexst) Mx(Rexz)

Fstfx(/lex,x) Tl;t (Aex,st)

q’f,x = %rst

The subscripts x, st, and ex denote sample, standard, and excitation respectively. f(A_ex) is the
absorption factor, F the integrated spectral fluorescence photon flux, and n the refractive index
of the solvents used. All spectroscopic measurements were done in a 1 cm quartz cuvettes from
Hellma GmbH at room temperature using air-saturated solutions.

Photophysical analysis for these compounds were performed at the Federal Institute for
Materials Research and Testing (BAM) Division Biophotonics in Berlin (Germany).

Trastuzumab modification:

Trastuzumab modification was carried out using the GlyCLICK® technology marketed by
Genovis®. It consists of two steps. Step one involves the hydrolysis of the bonds between the
two N-acetylglucosamines using EndoS, an enzyme belonging to the endoglycosidase family.
This reaction was carried out for one hour, at room temperature, in TBS and at pH = 7.5,
resulting in a deglycosylated antibody. The second step involves a second enzyme, GalT, which
belongs to the nucleotidyltransferase (galactosyltransferase) family. GalT allows the transfer of
an azide-bound galactose from UDP-GalNaz onto the deglycosylated antibody. This reaction
was carried out overnight, at 25 °C, in tris buffer saline (TBS) and at pH = 7.5. The modified
antibody can now be engaged in a SPAAC reaction with aza-BCN-01/ aza-BCN-02 dye.

Bioconjugation:

aza-BCN-01 dye (14 equivalents) was incubated with 1 mg of trastuzumab-Ns in PBS, at pH =
7.4, at 25 °C, for 16 h. The reaction crude was then purified by FPLC and the solution was
concentrated to determine the DOL by MALDI-TOF.

aza-BCN-02 dye (20 equivalents) was incubated per trastuzumab-Ns antibody. The reaction was
performed in PBS overnight, at pH = 7.4 and at 25 °C. A PD-10 column size exclusion column
was used to purify the bioconjugate. PD-10 allows the separation of high molecular weight
compounds, the bioconjugated antibody, from low molecular weight compounds, the free dye.
Two columns were used to ensure that all the free dyes had been removed. The recovered
sample was then concentrated on Amicon® and was analyzed using MALDI-TOF to determine
the DOL.
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Antibody Stability:

The stability of Aza-SWIR-trastuzumab-01 was determined using the following procedure.
Aza-SWIR-trastuzumab-01 was diluted in PBS at 1 mg/mL, then it was incubated in murine or
human sera for 24 h, 48 h or 72 h, at 0.5 mg/mL. Incubations were carried out at 37 °C, in the
dark and under gentle agitation. Trastuzumab incubated in sera for 72 h served as a control.
Each antibody sample was then diluted to 0.125 mg/mL in Laemmli buffer under either
reducing (in the presence of dithiotreitol (DTT) and heating at 95 °C for 5 minutes) or non-
reducing (without DTT) conditions, after which they were separated on a sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). For each experimental condition, the
equivalent of 1.5 ug of antibody was deposited on a 10% acrylamide gel, and a 1.5 h migration
at 100 V was performed. Following migration, the fluorescence of the gel was monitored using
ChemiDoc© MP imaging device (BioRad®) with an IRdye800CW filter. Finally, the gels were
stained with Coomassie blue for 1 h, and visualized on a Chemidoc XRS + analyzer (Bio-Rad), to
detect the proteins.

Biolayer Interferometry:

The affinity of Aza-SWIR-trastuzumab-01 or native trastuzumab antibodies to HER-2 was
determined using biolayer interferometry (BLI), on an OctetRed96e instrument (FortéBio). HER-
2 was first biotinylated with 5 equiv. of biotin (biotin-PEG4-NHS EZkit, Pierce) according to the
manufacturer’s instructions. Streptavidin-coated biosensors were then dipped into the wells
containing biotinylated HER-2 resulting in functionalized biosensors. To study the
trastuzumab-HER-2 interaction, association and dissociation phases were determined by
dipping the functionalized biosensors (Accrobiosystem) into wells containing different
concentrations of trastuzumab or Aza-SWIR-trastuzumab-01 (1.6 to 100 nM), followed by wells
containing PBS. Finally, KD was determined using the Octet software (version 3.1, FortéBio,
Menlo Park, CA, USA) with a 1:1 stoichiometry model.

Cell Lines and Culture:

Human ovarian adenocarcinoma cell lines, SKOV-3 and OVCAR-3, were obtained from the
European Collection of Authenticated Cell Cultures (ECACC, French authorization CODECOH
DC-2020-4226). The cell lines were cultured in a 37 °C humidified environment containing 5%
COz, and in DMEM media supplemented with 10% heat-inactivated fetal bovine serum.

Flow Cytometry:

SKOV-3 and OVCAR-3 cells were harvested, washed and incubated with aza-SWIR-
trastuzumab-01 for 2 h at 37 °C. The cells were then rinsed, fixed with PFA 4% and analyzed
using LSRII (BD-Biosciences). At least, 10000 events were recorded and APC-Cy7 excitation
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settings were used, without pass-band filter for optimal collection (LP 755 nm). Data analysis
was performed using FCS Express Flow (V7- Pro RUO) software.

Confocal Microscopy:

SKOV-3/OVCAR-3 cells (n = 50,000) were plated on LabTek chamber I and kept at 37 °C in 5%
COs.. After 24 h of adhesion, the cells were washed and incubated with 36 mg/L of aza-SWIR-
trastuzumab-01 compound solution (i.e. 0.5 uM of fluorophore) diluted in cell culture medium,
for 2 h. The cells were then washed and counterstained with Hoechst 33342 (1 uM).
Fluorescence microscopy images were acquired using a confocal laser-scanning microscope
(LSM 710 Carl Zeiss, Jena, Germany) in APD live mode. Plan x63 objective was used.
Fluorescent signal was obtained with a 25% 633 nm excitation laser, and a collection wavelength
> 650 nm (confocal section 1.5 um). Images were processed using Fiji software. The experiments
were performed at the MicroCell (Optical Microscopy-Cell Imaging, A. Grichine & M. Pyzet)
platform, IAB Grenoble.

Western blot

SKOV-3 and OVCAR-3 tumor cells cultured in 2D were harvested, washed with PBS, lysed and
their protein content was quantified using Micro BCA™ Protein Assay Kit (Thermo Fisher
Scientific). 40 pg of protein/cell line was loaded into a 12% polyacrylamide gel. Following
migration/electrophoresis, the proteins were transferred into an activated PVDF
(polyvinylidene difluoride) membrane (#10600023, Amersham). The membrane was then
blocked at RT in 5% milk for 1 h, and incubated with primary antibodies overnight at 4 °C: anti-
LDL receptor antibody (1/1000, Abcam [EP1553Y] (ab52818)), anti-scavenging receptor SR-BI
antibody (1/2000, Abcam [EPR20190] (ab217318)), anti-HER2 antibody (1/1000, cell signaling
#4290) and anti-GAPDH antibody (1/1000, SC-365062, Santa Cruz Biotechnology) serving as
loading and transfer control. The membrane was then incubated with the secondary antibodies,
anti-mouse/rabbit-horseradish peroxidase HRP (1/2000, #7076S, Cell Signaling Technology) for
1 h, at RT. The proteins (LDLR/SR-B1/HER2/GAPDH) were finally revealed using Clarity
Western ECL Substrate (Bio-Rad), and western blot imaging was performed using Fusion FX
(Vilber).

In vivo NIR-II imaging

All animal experiments were performed in accordance with national legislation, and with the
approval of the institutional and national (Ministere de 1'Enseignement Supérieure et de la
Recherche) animal ethics committees (APAFIS#8782-2017032813328550), and were performed
according to the Institutional Animal Care and Use Committee of Grenoble Alpes University
and the Federation of European Animal Science Associations. These experiments were carried
out within the small animal imaging platform Optimal (Dr V. Josserand), IAB Grenoble. Female
NMRI nude mice (6-week-old) (Janvier Labs, Le Genest-Saint Isle, France) were subcutaneously
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injected on their right flank with either 10 million of human ovarian adenocarcinoma SKOV-3
cancer cells, or 8 million of human ovarian adenocarcinoma OVCAR-3 cancer cells. Following
tumor growth, SKOV-3 and OVCAR-3 bearing mice were intravenously injected in their tail
vein with either 100 puL of 200 uM SWIR-WAZABY-01 or SWIR-WAZABY-02 solution diluted
in PBS, or with 100 uL of 200 pg aza-SWIR-trastuzumab-01 or 100 pg of aza-SWIR-
trastuzumab-02 (n=3/condition). Whole-body NIR-II fluorescence imaging was performed
before and at 5, 24, 48, and 72 h after administration. At 72 h, the mice were euthanized and
their organs were sampled for ex-vivo fluorescence imaging. Acquired images were analyzed
using Fiji software, and semi-quantitative fluorescence data were obtained by drawing regions
of interest (ROI) around the organs. NIR-II fluorescence imaging was performed using a
Princeton camera 640ST (900-1700 nm) coupled to a laser excitation source of A = 808 nm (50
mW/cm?). A short-pass excitation filter at 1000 nm (Thorlabs), a long-pass filter LP1064 nm
(Semrock), and a long-pass filter LP1250 nm (Semrock) were added to the NIR-II camera. A 25
mm lens with 1.4 aperture (Navitar) was used to focus on the mice.
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