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Bladder cancer is one of the most common malignancies and contributes significantly to the overall human cancer burden. In
order to solve the difficulties in the highly sensitive detection bladder cancer, detecting tumor residual and defining the margin of
bladder tumor we use intraoperative fluorescence molecular imaging.

The study was to synthesize a targeting agent indocyanine green-arginine-glycine-aspartic acid which is integrin avp3-targeted,
fast clearing near-infrared probes both in vitro and in vivo for bladder cancer Imaging-guided therapy. This targeted agent could be
used for fast clearing hydrophilic near-infrared dye indocyanine green for detecting avp3 receptor expressing tumor foci during op-
eration and finishing imaging guided surgery, using preclinical in vivo mouse models. The indocyanine green was conjugated with
the arginine-glycine-aspartic acid, the indocyanine green-arginine-glycine-aspartic acid was synthesized. The toxicity of indocya-
nine green-arginine-glycine-aspartic acid was measured by MTT assay.

The probes specificity was assessed in vitro and in vivo using the MB49 (avB3 receptor high expressing) bladder cancer cell
lines in mice models. Fast clearing Near-infrared probes conjugated with arginine-glycine-aspartic acid peptide targeting avp3 re-

ceptor can be used for highly specific and sensitive detection of tumor lesions in vivo.

These preclinical findings with intraoperative optical imaging technique holds promise to offer more sensitive and accurate
bladder cancer resection guidance and achieve better surgical outcomes in cancer patients.

Key words: Image-guided therapy, Near-infrared, Indocyanine green, Tumor targeting, Arginine-glycine-aspartic acid.

Bladder cancer (BC) is one of the most
common malignancies and contributes signifi-
cantly to the overall human cancer burden [1, 2].
In China, the incidence rate of BC reached 80.5
per 100,000 population and is still increasing [1].
Surgical intervention, such as transurethral resec-
tion (TUR) and radical cystectomy, is usually the
first treatment for BC that has not spread to other
parts of the body [3]. However, despite tremen-
dous efforts have been made to optimize surgical
strategies for better clinical outcomes, the recur-
rence rate of BC still remains high. The one-year
recurrence rate is 15%-61%, and the five-year
recurrence rate can reach up to 78% [4,5].

For early-stage non-muscle invasive BC
(NMIBC), the minimally invasive cystoscopy
guided TUR is preferred as the gold standard [4].
However, conventional white-light cystoscopy
(WLC) suffers the difficulty in visualizing flat
neoplasms and defining the exact margins of BC
[6], which results in high risk of leaving tumor
residual and high recurrence rate. Hexaminolevul-
inate (HAL) guided blue-light fluorescence cys-
toscopy (BLFC) has been confirmed for the in-
creased detection of BC and reduced recurrence
rates over WLC from long-term follow-up studies
[7], but its false-positive rate is still 30% due to the
low specificity of HAL [8]. Therefore, new fluo-
rescent agents with high tumor specificity are
highly desired for clinical practice in BC resection.

Recently, various near-infrared (NIR) fluo-
rescent agents were reported in applications of

intraoperative imaging-guided tumor resection
for both preclinical and clinical studies [9, 10].
The utilization of NIR spectrum (commonly de-
fined as 650 to 900 nm) shows several inherent
advantages for surgical guidance comparing with
conventional visible light, such as high tissue
penetration ability, no auto-fluorescence from
normal tissue, high signal-to-background ratio,
and no interference from operating room light
[11-13]. Several studies demonstrated the NIR
agent-based intraoperative imaging can effective-
ly visualize micro-tumor foci with diameters less
than 2 mm in liver cancer [14], breast cancer
[15], ovarian cancer [16], etc. However, the NIR
fluorescence imaging guided surgery for BC re-
section has not yet been deeply investigated.

In this study, we synthesized arginine-
glycine-aspartic acid (RGD)-conjugated highly
loaded indocyanine green (ICG) (ICG-RGD) as a
small molecular fluorescent probe for tumor-
specific intraoperative imaging in BC resection.
RGD is a peptide ligand that specifically binds
the integrin a5 [17, 18]. This integrin is overex-
pressed in various types of tumor [19-22] and
plays a critical role in regulating tumor growth,
metastasis, and angiogenesis [23, 24]. Therefore,
it has been used as a molecular target for devel-
oping new tumor imaging approaches in clinical
trials [25-27]. ICG is currently the one and only
NIR fluorescent dye that is approved by the Food
and Drug Administration (FDA) in both United
States and China. The efficacy of the newly de-
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veloped ICG-RGD was validated in subcutaneous
and orthotopic BC models in mice using a special
intraoperative NIR imaging system designed by
our team (Fig. 1). The results revealed that the

Bladder Cancer
Targeting

NIR Imaging-Guided
Surgical Navigation

ICG-RGD based NIR imaging strategy had a
great promise in providing objective guidance to
urological surgeons for precise resection of BC
(Fig. 1).

3 Histolo
Precise Resection i

Fig. 1. A scheme showing the mechanism of ICG-RGD working in surgical navigation. ICG-RGD was synthesized and injected into the mice
through tail vein. A home-made NIR guidance surgical navigation machine was applied to resect subcutaneous and orthotopic bladder tumor.
The resected tissues were confirmed to be tumor tissues with negative tumor margin by histological analysis.

Materials and Methods
Synthesis and characterisation of ICG -RGD

We used EDC-HCI (2.8 mg) and NHS (1.5
mg,) in H,O (0.5 ml) to excited ICG (10 mg). At
room temperature, stirring for 3 h in dark sur-
roundings, the solution was mixed with appropri-
ate RGD dissolved in sodium borate buffer. The
mixture was stirred at room temperature overnight
in the dark. The intermediate product ICG-NHS
was first confirmed by thin layer chromatography
(TCL) and the crude product ICG-RGD was sub-
sequently purified by filtration. The absorbance
and fluorescence spectra of ICG-RGD were rec-
orded on a UV-vis spectrophotometer and an NIR
spectral system. The photoluminescence quantum
yields of RGD-based NIR probes were calculated
as follows: where QY is the quantum vyield of
RGD-based NIR probes; QYs is the quantum yield
of cypate; Au stand for the absorbance of cypate
and RGD-based NIR probes at the excitation
wavelength, respectively; and Fs, Fu are the inte-
grated area of the cypate and RGD-based NIR
probes under the fluorescence spectra, respective-
ly. For stability analysis, the ICG-RGD (50 pg)
was added to foetal bovine serum (FBS, 1 mL;
Gibco, Australia), and its optical absorbance at
760 nm was monitored by UV-Vis spectroscopy
(UV-2450; Shimadzu) at multiple time points for
48 h. An ICG in FBS control solution was also
monitored for comparison.

Cell cytotoxicity assay

MTT was used to evaluate the cellular cyto-
toxicity of ICG-RGD. MB49 (mouse urothelial car-
cinoma cell line) cells were seeded into 96 well
plates 10000 cells/well in 200 pL cell culture medi-
um. 24 h after attachment, cells were washed by
PBS and the medium was replaced by fresh medi-

um with different concentration of ICG-RGD. 24 h
after incubation, cells were washed by PBS prior to
incubation with 0.5 mg/L MTT in 100 pL medium
for 4 h. Then the supernatant was removed, the in-
soluble formazan crystals were dissolved in 200 pL
dimethyl sulfoxide, the absorbance was measured
using a microplate reader at a wavelength of 490 nm.

Mouse models bearing subcutaneous BC
and in vivo fluorescence imaging

All animals were purchased from the Vital
River Laboratory Animal Technology Co. Ltd
(China). All small animal experimental protocols
were approved by the Institutional Animal Care
and Ethics Committee of the Fourth Hospital of
Harbin Medical University, and all the methods
were carried out in accordance with the approved
guidelines.

BALB/c nu/nu female mice (five weeks old)
and mouse urothelial carcinoma cell line MB49
cells were used to establish the tumor xenografts.
About 2x10° MB49 cells in 75 pL. DMED cell cul-
ture medium were injected into the elbow-back re-
gion of each mouse. Tumor growth was observed
daily and checked by magnetic resonance imaging
(MRI) until it was appropriate for in vivo experi-
ments. Six mice with tumor size reached 5 mm in
diameter were selected and divided into two groups.
ICG and ICG-RGD probe (150 pL, 0.2 mg/mL for
all mice) were injected intravenously (1V) into mice
in the two groups, respectively. Then, in vivo fluo-
rescence images were acquired at multiple time
points (0 h,0.5h,1h,2h,3h,6h,8h,12h, 24 h,
36 h, 48 h) within the following 48 h using IVIS
Spectrum Imaging System (PerkinElmer, USA) to
access the ICG and ICG-RGD accumulation in tu-
mors. For all imaging acquisitions, mice were anes-
thetized with a 3% isoflurane/air mixture.
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Orthotopic BC model establishment

Mice were anesthetized with sodium pento-
barbital and catheterized with modified IV catheter
(size: 24 G). Then, the inner surface of the bladder
was successively washed by HCI and NaOH to
induce minor damage of epithelium cells. After
that, it was washed with phosphate-buffered saline
(PBS) to eliminate residual NaOH. Finally, we
infused 100 pL (1 x 10") MB49 cells and incubat-
ed them in the bladder for 2 h.

Magnetic resonance imaging

Diagnostic MRI scans (Aspect M3, Aspect
Imaging, Israel) were performed to confirm the es-
tablishment tumor progression in BC mouse mod-
els. The input parameters were T1/T2 weighted
spin echo sequences, slice thickness: 0.8-1mm, ma-
trix; 256x256, window width: 19119, and window
level: 9733.

NIR fluorescence imaging-guide surgery
and residual verification

Mice with subcutaneous and orthotopic
tumor implantation were injected with ICG-RGD
through their tail veins 8 h before surgery. Then,
they were euthanized, and the tumors were re-
moved by a urinary surgeon under the guidance
of a home-made intraoperative NIR imaging sys-
tem. During the operation, the tumor residual was
illuminated and visualized in real time, and then

gradually resected until the surgeon considered
that RO resection was achieved. Harvested tissue
was subjected to NIR fluorescence microscopy
and histological examination.

Statistics analysis

Data was analyzed using SPSS v.20 (IBM
Software, USA). Data are presented as the means
* standard deviations (SDs) for experiments per-
formed in triplicate. Two-tailed, independent
two-sample t-tests were used to assess differ-
ences in fluorescence intensities and tumor-to-
background ratios between groups. P<0.05 indi-
cated a significant difference.

Results and discussion

Synthesis and characterisation of ICG —RGD

The chemical formula and simulated three-
dimensional structure of the synthetic small mol-
ecule ICG-RGD is illustrated in Fig. 2A and B.
The absorbance and fluorescence spectra analysis
indicated that ICG-RGD exhibited similar ab-
sorption and excitation peaks as the ICG at
around 778 nm and 822 nm (Fig. 2C), respective-
ly. The photoluminescence quantum vyield was
the same as ICG. Furthermore, it demonstrated
excellent stability in foetal bovine serum (Fig.
2D). The absorbance only dropped by less than
10% within 48 h of continuous observation.
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Fig. 2. Synthesis and characterisation of ICG —RGD. (A and B)The structure of ICG-RGD. (C)Visible absorption spectrum of ICG-RGD. (D)
Absorbance at different time points. (E) MTT assay of ICG-RGD on MBA49 cells at different time points.

In vitro ICG-RGD cytotoxicity and uptake

MTT assay was performed to access the
ICG-RGD biocompatibility and ensure a safe
dose that could be used in vivo. Fig. 2D demon-
strates that ICG-RGD exhibited insignificantly
different cytotoxicity comparing with ICG at all
concentration levels (P > 0.05), and the cell via-
bility was still over 80% when the concentration
reached 400 ug/ml. This suggested that ICG-
RGD had comparable biosafety as the FDA ap-

proved ICG and could be used safely for in vivo
NIR imaging.

With the conjugation of RGD peptide, the
proposed fluorescent probe was designed to have
better tumor cell targeting capability than the
conventional ICG. Through a fluorescence mi-
croscope, ICG-RGD was found to be internalized
by mouse urothelial carcinoma MB49 cells (Fig.
3A-C), while ICG was internalized much less
(Fig. 3D-F), which validated our expectation.
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Fig. 3. DIC, fluorescent, and merged images after incubation with ICG-RGD (A-C) or ICG (D-F)

In vivo fluorescence imaging and ICG-
RGD biodistribution

The subcutaneous BC-bearing nude mouse
models were employed to validate the in vivo
performance of ICG-RGD. Both T1 and T2
weighted MRI scans were performed as a diag-
nostic procedure for the tumor-bearing mice and
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interpreted by an experienced radiologist and an
urologist to ensure the model establishment was
successful (Fig. 4A and B). Then, continuous
fluorescence imaging was conducted in multiple
observation of time-points to evaluate the tumor
specificity of ICG-RGD in BC mouse models

(Fig. 5).
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Fig. 5. In vivo fluorescence imaging and ICG-RGD biodistribution. (A-B) In vivo continuous observations (48 h) of bladder cancer xeno-
grafts after administration of ICG -RGD and ICG using IVIS. (C) Quantification of the fluorescence intensity at the tumour sites showing
accumulation of ICG-RGD. (D) Comparison of TBR profiles of the two probes.
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Figure 5A and B demonstrates that ICG-
RGD exhibited better optical contrast in the tu-
mor site (white arrows) than ICG from the 8 h
time point onward. After the initial distribution
period (< 3 h), there was a relatively higher ac-
cumulation in the tumor and abdominal areas
than the rest of the body for both ICG and ICG-
RGD, but 8 h later, ICG was excreted gradually
from the liver and digestive system as expected,
whereas the retention time of ICG-RGD inside
tumor was at least 12 h longer. The quantitative
comparison also confirmed that ICG-RGD pro-
vided better signal intensity and greater tumor-to-
background ratio (TBR) in the tumor comparing
with ICG in all time points (Fig. 5C and D),
which implied its superior in vivo BC targeting
ability. These in vivo continuous observations
also suggested that the best surgical window

White-light

Fluorescence

would be 8 h post-injection, because the TBR
profile reached its peak at this time (maximum
TBR, ICG-RGD vs. ICG: 9.9+0.8 vs. 7.5+0.7,
P <0.05).

Intraoperative BC resection in subcutane-
ous BC mouse models.

The feasibility of ICG-RGD was validated
through NIR imaging-guided resection of BC in
subcutaneous mouse models (Fig. 6). This pro-
cess was conducted by using a home-made NIR
imaging system (Fig. 1). The system was origi-
nally developed for the intraoperative navigation
of sentinel lymph node (SLN) biopsy in breast
cancer surgeries, which adopted ICG for pin-
pointing SLN during the operation [28]. Since the
proposed ICG-RGD shared the similar excitation
and emission spectra with ICG, the system was
very suitable for BC surgeries using ICG-RGD.

Merge
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Fig. 6. Intraoperative tumor margin definition and tumor residual detection under NIR imaging guidance. (A1-A3) The tumor was illuminated
with very high optical contrast. (B1-B3) the tumor tissue was gradually removed by the surgeon. The red arrow shows the residual tumor tissue
between 1mm and 2mm. (C1-C3) All tumor residual was removed by a surgeon. The white arrow shows a residual tumor tissue pinpointed by the
tweezers under the guidance of NIR imaging. (D1-D3) The excised tissue specimen was validated in the NIR fluorescence microscopy

Eight hours after the tail vein injection of
ICG-RGD (0.2 mg/mL, 150 uL), the tumor was
illuminated with very high optical contrast (Fig.
6A1-A3). Then, the tumor tissue was gradually
removed by the surgeon, and the excised pieces
were placed right next to the mouse (Fig. 6B1-
B3). Suspected residuals were effectively recog-
nized during the operation, and those with the siz-
es between 1 mm to 2 mm can also be accurately
located and resected (Fig. 6B2, red arrows). To

validate the accuracy of the tumor margin defini-
tion using ICG-RGD, the surgeon deliberately re-
sected a piece of tissue containing both fluorescent
and non-fluorescent regions (Fig. 6C1-C3, white
arrows). Specimen slices were then taken from
this tissue and observed under NIR fluorescence
microscopy to identify the region with high ICG-
RGD accumulation (Fig. 6D1-D3). After that, the
high accumulation area was stained with H&E for
histological analyses. Notably, there were also
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fluorescence emitting from the abdominal part of
the mouse after opening up the skin (Fig. 6B3 and
C3), but they were likely to be the excreted 1ICG-
RGD inside the intestine.

Intraoperative BC resection in orthotopic
BC mouse models

White-light Fluorescence Merge
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Fig. 7. Intraoperative detection of orthotopic MB49 bladder cancer
under NIR imaging guidance. (A1-A3) NIR images exhibited an
excellent optical contrast of the tumor. (B1-B3) The tumor tissue
was removed under the imaging guidance (C1-C3). The excised
tissue specimen was validated in the NIR fluorescence microscopy

NIR fluorescence imaging-guided BC sur-
gery was also conducted in orthotopic mouse
models. The mice were firstly scanned by MRI
and interpreted by a radiologist and an urologist
to verify the tumor growth in bladders (Fig. 4C
and D). Then, their bladders were exposed 8 h
post the 1V injection of ICG-RGD (0.2 mg/mL,
150uL) (Fig. 7). Different from the subcutaneous
tumor model, the orthotopic bladder tumor was
far away from the liver and intestines, thus there
was no interference of the fluorescent signal from
the excreted ICG-RGD in the digestive system.
The real-time NIR images exhibited an excellent
optical contrast of the tumor (Fig. 7A1-A3), and
the surgeon easily removed the tumor tissue un-
der the imaging guidance (Fig. 7B1-B3). The
excised tissue specimen was again validated in
the NIR fluorescence microscopy (Fig. 7C1-C2),
which clearly showed the distribution of ICG-
RGD in the tissue.

Histological analysis

Frozen sections were deliberately obtained
from the boundary regions between tumor and
adjacent normal tissues indicated by NIR fluores-
cent images, and then stained with H&E. The
results confirmed that the surgeon indeed found
the tumor boundary in both subcutaneous (Fig.
8A and B) and orthotopic mouse models (Fig. 8C
and D) under the guidance of NIR fluorescence
imaging.

s L A

3

Fig. 8. Histological analysis of the resected tumor tissues. (A and B) HE staining of subcutaneous tumor tissue.
(C and D) HE staining of orthotopic tumor tissue. Red dotted line means the tumor margin

In this study, we developed a NIR small
molecule probe that conjugated RGD and ICG
for tumor-specific intraoperative imaging in BC
resection. The feasibility of the proposed ICG-
RGD was evaluated through in vitro cellular and
in vivo xenograft experiments. ICG-RGD based
fluorescence imaging-guided surgeries were con-

ducted on subcutaneous and orthotopic mouse
models, which demonstrated the efficacy of using
the tumor targeting probe to achieve objective
and accurate BC resection.

Optical imaging technologies have already
been widely applied in BC surgeries. Conven-
tional WLC and HAL based BLFC are both valu-
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able clinical tools in minimally invasive TUR for
NMIBC. However, randomized clinical trials and
meta-analysis suggested that they still suffer from
limited sensitivity and specificity in guiding sur-
geons to achieve precise BC resection [29-32],
which is generally considered to be the reason of
high postoperative recurrence rate. Therefore, we
synthesized the ICG-RGD probe that combined
the NIR fluorescent dye (ICG) for better sensitiv-
ity, as well as the integrin a,3 receptor targeting
peptide (RGD) for better specificity. Both com-
ponents have been used in clinical applications,
thus the proposed small molecule probe exhibited
excellent biocompatibility and have great poten-
tial for clinical translations.

Comparing with ICG, ICG-RGD demon-
strate improved tumor cell specificity (Fig. 3). The
in vivo biodistribution imaging showed that the
maximum TBR of using ICG-RGD was as high as
9.940.8, which was significantly better than using
ICG (Fig. 5). Furthermore, the intraoperative im-
aging-guided BC surgeries demonstrated that the
proposed probe can effectively help surgeons to
locate the tumor, define tumor margin, and contin-
uously check whether there were tumor residuals
during the operation. Because of the high sensitivi-
ty of NIR imaging, tumor micro-residuals with the
size between 1 to 2 mm were successfully visual-
ized and removed (Fig. 6), and this was achieved
with the similar field of view as a clinical opera-
tion (15x15 cm?). All these revealed the benefits
of using ICG-RGD in BC surgery and implied its
great potential for clinical translations.

One more extra finding was that the excised
tissues still exhibited great NIR fluorescence con-
trast between suspected tumor region and its adja-
cent normal tissue. This can also guide surgeons or
pathologists to take out cryo-sections from the
right location, rather than cutting specimens ran-
domly for histology analysis. This may further
save the operation time in real clinical applica-
tions. The NIR imaging system we employed in

this study was designed for open surgeries, but
various endoscopic NIR imaging systems have
been reported in treatment of different types of
cancer [32-34]. The efficacy of using ICG-RGD
and NIR fluorescence cystoscopy for TUR of BC
in minimally invasive operation still needs suffi-
cient instrumentation development and compre-
hensive in vivo investigations, which may be pre-
sented in our future studies.

Conclusion

In conclusion, we construct a tumor specific
probe, ICG-RGD, and demonstrate that it can ef-
fectively help surgeons to achieve precise resec-
tion of bladder tumor in animal models during
NIR fluorescence imaging-guided surgeries. We
believe this technique is promising and holds great
potential for clinical translations in the future.
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