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Photoacoustic (PA) imaging is an attractive imaging modality for sensitive and depth imaging of bio-
molecules with high resolution in vivo. The aim of this study was to evaluate the effectiveness of an anti-
epidermal growth factor receptor (EGFR) monoclonal antibody (panitumumab; Pan) labeled with
indocyanine green derivative (ICG-EG4-Sulfo-OSu), Pan-EG4-ICG, as a PA imaging probe to target cancer-
associated EGFR. In vitro PA imaging studies demonstrated that Pan-EG4-ICG yielded high EGFR-specific
PA signals in EGFR-positive cells. To determine the optimal injection dose and scan timing, we investi-
gated the biodistribution of radiolabeled Pan-EG4-ICG (200—400 pg) in A431 tumor (EGFR++)-bearing
mice. The highest tumor accumulation (29.4% injected dose/g) and high tumor-to-blood ratio (2.1) was
observed 7 days after injection of Pan-EG4-ICG (400 pg). In in vivo PA imaging studies using Pan-EG4-1CG
(400 pg), the increase in PA signal (114%) was observed in A431 tumors inoculated in the mammary
glands 7 days post-injection. Co-injection of excess Pan resulted in a 35% inhibition of this PA signal,
indicating the EGFR-specific accumulation. In conclusion, the ICG-labeled monoclonal antibody (i.e.,
panitumumab) has the potential to enhance target-specific PA signal, leading to the discrimination of
aggressiveness and metastatic potential of tumors and the selection of effective therapeutic strategies.

© 2015 Elsevier Inc. All rights reserved.
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1. Introduction applications. PA imaging detects ultrasonic waves thermoelastically

induced by optical absorbers irradiated with pulsed laser [2,3].

Optical imaging is a highly sensitive imaging technique,
providing in vitro and in vivo molecular information in real time
without ionizing radiation. Near-infrared (NIR) light, ranging from
650 to 900 nm, enables us to visualize the deeper tissues from the
surface, since this wavelength range is relatively penetrative
through tissues [1]. However, detection depth (~5 mm) remains the
main limitation of the fluorescence imaging method for some ap-
plications. On the other hand, photoacoustic (PA) imaging is a new
imaging technique with significant promise for biomedical
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Since the ultrasonic waves have much lower tissue scattering,
leading to penetration depth of multiple centimeters and sub-
millimeter spatial resolution, PA imaging has a potential for a
broader clinical translation than other forms of optical imaging.
Recent studies have challenged the clinical cancer diagnosis by
PA effect especially for breast cancer [4—6]. Breast cancer was
imaged by probing a wide variety of endogenous absorbers such as
hemoglobin and melanin in the blood. On the other hand, molec-
ular imaging can be achieved using exogenous PA imaging probes
[7]. Some molecular-targeted PA imaging probes based on nano-
particles (i.e., gold nanoparticle) and near-infrared (NIR) fluores-
cence dyes have been proposed [8—11]. Although nanoparticle-
based probes could yield 40—700% increase of PA signal in the tu-
mor [8—10], the biosafety of gold nanoparticles has not been vali-
dated, and therefore, these probes have not been applied in a
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clinical setting yet. Bhattacharyya et al. have reported a NIR fluo-
rescence dye (AlexaFluor750)-conjugated monoclonal antibody
against human epidermal growth factor receptor 2 (EGFR2; HER2)
as a HER2-targeting PA imaging probe [11]. Although HER2-specific
PA signal was demonstrated in vitro, in vivo data have not yet been
reported.

Indocyanine green (ICG) is also a NIR fluorescence dye, which
has been approved by the Food and Drug Administration (FDA) and
has over 50 years experience of human use [12,13]. ICG is expected
to achieve sensitive fluorescence and PA signal, and ICG-labeled
probes have been developed for tumor imaging [3,14]. In this
study, we selected panitumumab, an FDA-approved monoclonal
antibody against human EGFR, as a targeting moiety for molecular
imaging of EGFR related to tumor malignancy including cell pro-
liferation, angiogenesis, invasion, and metastasis [15,16]. Thus far,
ICG-labeled panitumumab has been reported as an activatable
fluorescent probe targeting the EGFR, which yields fluorescence
signal only after being bound and processed by the target cancer
cells, achieving EGFR-specific fluorescence imaging with high
tumor-to-background ratios [17,18]. However, there has been no
report of ICG-labeled panitumumab as a PA imaging probe. In this
study, the potential of ICG-labeled panitumumab as an EGFR-
targeting PA imaging probe was evaluated using mice inoculated
with EGFR-positive tumors in the mammary glands.

2. Materials and methods
2.1. Reagents

Panitumumab (Pan) was purchased from Takeda Pharmaceu-
tical Company Ltd. (Osaka, Japan). ICG-EG4-Sulfo-OSu was obtained
from Dojindo Molecular Technologies, Inc. (Kumamoto, Japan). p-
SCN-Bn-DTPA was purchased from Macrocyclics Inc. (Dallas, TX,
USA). "InCl5 (74 MBq/mL in 0.02 N HCI) was purchased from Nihon
Medi-Physics (Tokyo, Japan). All other chemical used were of the
highest purity available.

2.2. Synthesis of Pan-EG4-ICG

According to a previous report [17], ICG-labeling of Pan was
performed using ICG with short ethylene glycol linker (ICG-EG4-
Sulfo-OSu) to improve the covalent binding of ICG to the anti-
body. In brief, Pan (0.5 mg, 3.4 nmol) was incubated with ICG-EG4-
Sulfo-OSu (32.3 pg, 27.4 nmol) in 0.1 M Na,HPO4 (pH8.6) at room
temperature (RT) for 1 h, followed by purification with a size
exclusion column (PD-10; GE Healthcare UK Ltd., Buckinghamshire,
UK). The concentration of ICG and antibody was determined by
measuring the absorption at 768 nm and 280 nm with a UV—Vis
NIR system (UV-1800, Shimadzu Co., Kyoto, Japan) to determine the
number of ICG molecules conjugated with each antibody molecule.

2.3. Measurement of PA signal in vitro

The measurement of PA signal of Pan-EG4-ICG solution was
performed according to the method reported previously [ 14| with a
slight modification. Pulsed light with a wavelength of 810 nm
generated by the Model Titanium Sapphire Laser system was used.
Pan-EG4-ICG (final concentration: 0, 66, 132, and 264 pg/mL) was
incubated in phosphate buffered saline (PBS) or in 1% sodium
dodecyl sulfate (SDS)/PBS for 20 min at RT. The PA signal of Pan-
EG4-ICG solution was measured as mentioned above.

2.4. Cell culture

The cell lines highly expressing EGFR (A431 and MDA-MB-468)
and the low EGFR expressing cell line, T47D [19,20], were provided
by RIKEN BRC through the National Bio-Resource Project of the
MEXT, Japan. The EGFR-positive cell lines were grown in Roswell
Park Memorial Institute medium (RPMI) 1640 (Life Technologies
Co., Carlsbad, CA, USA) containing 10% fetal bovine serum, 0.03% L-
glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin in
5% CO, at 37 °C. T47D cells were grown in Dulbecco's Modified
Eagle's medium (DMEM) containing 10% fetal bovine serum, 100
units/mL penicillin, and 100 pg/mL streptomycin in 5% CO, at 37 °C.

2.5. In vitro PA imaging studies

In vitro PA imaging was performed to evaluate the cellular up-
take of Pan-EG4-ICG. Each cell line was plated and left to grow on a
25 cm? flask for 2 days. Pan-EG4-ICG (10 pg/mL) was added to the
flask. After 6 h of incubation, the cells were washed with PBS and
collected into tubes. PA images of cell pellets (1 x 10° cells) were
acquired by Nexus 128 instrument (Endra Inc., Ann Arbor, MI, USA)
under the conditions of 20 angles and 120 pulses per angle as re-
ported previously [ 14]. The excitation wavelength of pulse laser was
808 nm. After reconstruction of PA images via Osirix software, PA
signal intensity was analyzed by AMIDE after normalization with
irradiated laser intensity. To validate the specific binding of Pan-
EG4-ICG, excess antibody (100 pg/mL) was used for blocking
studies.

2.6. Tumor model

The animal experiments were performed according to institu-
tional guidelines and approved by the Kyoto University Animal Care
Committee. All surgery was performed under isoflurane anesthesia,
and all efforts were made to minimize suffering. BALB/c-nu/nu
nude mice (five-week-old, female) were purchased from Japan
SLC Inc. (Hamamatsu, Japan). The animals were housed under a 12-
h light/dark cycle and allowed free access to food (D10001, Japan
SLC, Inc.) and water. A431 cells (2 x 10°) suspended in 50 pL PBS
were injected subcutaneously into the left abdominal mammary
glands of the mice. The experiments were conducted when tumors
grew to about 7—8 mm 14 days after inoculation.

2.7. Biodistribution studies

In order to determine the optimal injection dose and scan
timing for PA imaging after injection of Pan-EG4-ICG, the bio-
distribution study of In-labeled Pan-EG4-ICG was performed.
Mn-Jabeled Pan-EG4-ICG was synthesized as described below. p-
SCN-Bn-DTPA dissolved in phosphate buffer (0.1 M, pH 8.6) was
mixed with Pan-EG4-ICG at a molar ratio of 20:1, followed by in-
cubation for 6 h at 37 °C under protection from light. After purifi-
cation with a diafiltration membrane (Amicon Ultra Centrifugal
Filter Unit (nominal molecular weight limit of 30 kDa), Millipore
Co., Darmstadt, Germany) with 0.1 M acetate buffer (pH 6.0), DTPA-
Pan-EG4-ICG was obtained. The number of DTPAs conjugated to
Pan-EG4-ICG was approximately 0.5. ''In-labeling was performed
by mixing of DTPA-Pan-EG4-ICG with "InCl; in acetate buffer
followed by incubation for 15 min at RT. Before injection into mice,
the buffer exchange was performed by a diafiltration membrane
with PBS. Radiochemical purity, calculated using PD-10 columns
(GE Healthcare UK Ltd.), was more than 99%. The mixture of In-
DTPA-Pan-EG4-ICG and Pan-EG4-ICG (200, 300, or 400 png, 37 kBq/
mouse) was administered into A431 tumor bearing mice intrave-
nously and the biodistribution was evaluated at 2, 3, 5, and 7 days
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after injection (n = 3 for each time point). Organs of interest
including tumors were excised. The organ weights were deter-
mined, and the radioactivity in the organs was measured with a Nal
well-type scintillation counter (1470WIZARD, PerkinElmer Inc.
Waltham, MA, USA). Data were calculated as the percentage of
injected dose per gram of tissue (%ID/g).

2.8. In vivo PA imaging studies

A431 tumor bearing mice received an intravenous injection of
Pan-EG4-ICG (400 pg). Before and 7 days after administration, mice
were imaged with a Nexus 128 instrument (808 nm, 120 angles, 100
pulses per angle) under isoflurane anesthesia (n = 3). To validate
the EGFR-specific accumulation of the Pan-EG4-ICG in the tumor,
excess panitumumab (2 mg) was co-injected for blocking studies
(n = 3). After reconstruction of PA images via Osirix software, PA
signal intensity was analyzed by AMIDE after normalization with
irradiated laser intensity.

2.9. Depth information by PA imaging and fluorescence imaging
technique

The intralipid gel (1-cm-thick) of 1% intralipid was prepared as
previously reported [14]| because it is considered as a scattering
substance of a living body [21]. Tumors (n = 6) were excised from
A431 tumor-bearing mice injected with Pan-EG4-1CG (400 pg), and
ex vivo fluorescence and PA imaging of tumors was conducted with
or without coverage of intralipid gel. The apparent tumor size was
calculated based on half-value width of the maximum signal
intensity.

2.10. Statistical analysis

Quantitative data were expressed as mean + SD. Means were
compared using two-way factorial ANOVA followed by the
Tukey—Kramer test. P-values <0.05 were considered statistically
significant.

3. Results
3.1. Synthesis of Pan-EG4-ICG

The number of ICG molecules conjugated to a Pan molecule was
2.6 + 0.2. SDS-polyacrylamide gel electrophoresis (PAGE)
confirmed that more than 87% of ICG was covalently bound to Pan
(Supplementary Fig. 1), which was consistent with a previous
report [17].

3.2. Phantom imaging studies

PA signal of Pan-EG4-ICG in PBS or SDS/PBS increased propor-
tionally to ICG concentration and SDS treatment increased it by
about 2-fold. This was determined based on the absorbance dif-
ference at 810 nm with or without SDS treatment (Fig. 1A, B). On the
other hand, in vitro fluorescence phantom imaging of Pan-EG4-ICG
solution demonstrated that the dilution with PBS showed little
fluorescence signal in the concentration range of 0—200 pg/mlL,
while SDS treatment induced fluorescence dequenching, leading to
about 10-fold increase of ICG fluorescence signal intensity
compared to that by the control solution (Supplementary Fig. 2A,
B), as reported previously [17].
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Fig. 1. Photoacoustic properties of Pan-EG4-ICG. (A) PA signal intensities of Pan-EG4-
ICG in PBS or 1% SDS/PBS. (B) Absorption spectra of Pan-EG4-ICG in PBS or 1% SDS/PBS.
NIR absorbance spectrum was changed, and an approximately two-fold increase of
absorbance at 810 nm was observed by mixing with 1% SDS.

3.3. In vitro PA imaging studies

The cellular uptake of Pan-EG4-ICG was evaluated by in vitro PA
imaging (Fig. 2A, B). The marked increase of PA signals was
observed in EGFR-positive A431 and MDA-MB-468 cells 6 h after
incubation (109% and 62% increase in A431 and MDA-MB-468 cells,
respectively, when compared with control cells), which was
significantly decreased by co-treatment with an excess of Pan (33%
and 32% decrease in A431 and MDA-MB-468 cells, respectively,
when compared to the 6 h incubation group), suggesting the EGFR-
specific binding. In the EGFR-negative T47D cells, only a little in-
crease of PA signal was detected at 6 h after incubation.

3.4. Biodistribution studies

Results of in vivo biodistribution studies of In-labeled Pan-
EG4-ICG (200, 300, and 400 pg) are summarized in Table 1. The high
level of accumulation (%ID/g tissue) of Pan-EG4-ICG in the tumor
was retained at each time point (24.4, 24.9, and 29.4%ID/g for 200,
300, and 400 pg group, respectively at 7 days post-injection)
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Fig. 2. In vitro cellular binding assay with Pan-EG4-ICG. (A) In vitro PA images of A431, MDA-MB-468, and T47D cells after incubation with Pan-EG4-ICG for 6 h. The cell pellets are at
the tips of tubes after centrifugation. Excess Pan (100 pg/mL) was added 1 h before incubation with Pan-EG4-ICG for blocking studies. (B) PA signal intensity (a.u.) calculated from

in vitro PA images of Pan-EG4-ICG. *P < 0.05, **P < 0.01.

independently of the injected dose. The in vivo PA signal in the
tumor can be dependent on the products of injected ICG molecules
multiplied by probe accumulation (%ID/g tissue) in the tumor.
Therefore, Pan-EG4-ICG (400 pg; maximum injected dose used) at

day 7 post-injection (highest accumulation in the tumor, 29.4%ID/g)
should exhibit the highest PA signal intensity in the tumor. The
tumor-to-background ratio is also an essential factor to achieve a
high-contrast tumor imaging. The tumor-to-blood (T/B) and tumor-

Table 1

Biodistribution results of "' In-DTPA-Pan-EG4-ICG (200, 300, and 400 pg/mouse) in A431 tumor bearing nude mice. Results are expressed as means (%ID/g) + SD (n = 3 for each

group).
Organs Day 2 Day 3 Day 5 Day 7
"n-DTPA-Pan-EG4-ICG 200 pg
Blood 2191 +2.13 19.48 + 3.46 17.84 + 1.45 13.30 = 0.75
Heart 4.62 + 043 4.16 + 043 2.87 +0.36 2.77 + 0.05
Lungs 7.04 +1.35 594 + 0.82 5.46 + 1.26 3.89 +0.48
Liver 1099 + 2.67 9.42 + 0.35 8.18 + 0.53 542 + 041
Kidneys 5.67 + 0.61 4.04 + 035 3.92 +0.44 2.85 +0.08
Stomach 1.27 + 035 1.03 + 0.19 1.13 £ 0.27 0.75 + 0.35
Intestine 1.13 + 0.07 0.98 + 0.08 1.19 £ 0.14 0.92 +0.12
Pancreas 1.67 + 0.12 1.34 + 0.25 1.74 + 0.04 1.61 + 0.40
Spleen 7.80 +1.18 4.88 + 0.42 5.01 + 0.56 3.52 +0.16
Muscle 1.18 + 0.46 1.14 + 048 1.98 + 0.22 2.28 +1.09
A431 tumor 23.95 + 3.10 25.90 + 2.91 2529 + 3.77 2435 + 1.42
Tumor/blood ratio 1.09 + 0.08 134 + 0.15 142 + 0.16 1.83 + 0.06
Tumor/muscle ratio 22.78 + 10.50 24.73 + 8.16 12.85 + 2.27 11.97 + 4.07
"n-DTPA-Pan-EG4-ICG 300 pg
Blood 24.40 + 3.00 19.22 + 3.97 16.73 + 2.05 1122 £ 1.79
Heart 536 + 1.30 4.10 + 0.46 3.32+0.78 3.10 + 0.65
Lungs 8.80 + 0.61 7.11 +0.88 6.12 + 1.09 4.02 + 0.86
Liver 11.50 + 0.93 9.19 + 045 832+ 145 6.14 + 1.45
Kidneys 5.58 +0.83 4.07 + 0.66 4.17 + 0.88 3.05 + 0.50
Stomach 094 + 0.24 0.93 +0.22 1.50 + 0.42 0.96 + 0.34
Intestine 1.25 +0.12 0.94 + 0.15 1.30 + 0.20 0.95 + 0.26
Pancreas 1.80 + 0.50 142 + 0.25 1.94 + 0.34 1.46 + 0.23
Spleen 7.08 +1.19 5.11 + 0.80 5.22 + 0.65 3.70 + 1.26
Muscle 1.34+035 1.04 + 0.14 1.95 + 0.25 2.90 +0.30
A431 tumor 20.11 +2.33 20.81 + 3.67 2433 + 2.62 24.89 +2.29
Tumor/blood ratio 0.83 +0.13 1.09 + 0.07 1.46 + 0.06 2.23 +0.16
Tumor/muscle ratio 16.04 + 6.49 19.96 + 1.34 12.66 + 2.47 12.13 £ 6.71
" n-DTPA-Pan-EG4-ICG 400 pg
Blood 2047 + 1.96 1637 + 2.37 15.90 + 1.49 14.25 +1.29
Heart 3.44 + 0.56 3.05 + 0.67 3.25+0.11 3.10 £ 0.35
Lungs 6.50 + 0.36 4.87 + 045 5.17 +0.20 4.67 + 0.06
Liver 12.11 + 1.50 11.09 + 3.13 7.19 + 0.28 542 + 0.26
Kidneys 3.95+0.27 3.98 +0.29 4.25 + 0.64 3.81 + 0.46
Stomach 1.11 + 047 1.28 + 0.36 1.56 + 0.44 0.76 + 0.31
Intestine 1.28 + 0.15 142 +0.22 1.23 £ 0.16 0.99 + 0.14
Pancreas 1.69 + 0.25 1.53 + 0.30 1.74 + 0.13 1.42 + 0.23
Spleen 523 + 041 4.44 + 0.46 3.90 + 0.50 3.71 +£0.10
Muscle 1.68 + 0.08 1.72 £ 0.39 1.86 + 0.15 1.66 + 0.24
A431 tumor 16.85 + 2.07 16.16 + 3.27 23.53 +2.18 29.35 + 0.95
Tumor/blood ratio 0.83 +£0.12 0.98 + 0.07 1.48 + 0.04 2.07 £ 0.24
Tumor/muscle ratio 10.08 + 1.73 9.49 + 1.23 12.78 +2.12 17.98 + 3.00
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Fig. 3. In vivo PA imaging. (A) Placement of the mouse in bowl. The measurement region was indicated by the circle drawn by the dashed line. (B) PA images were acquired before
and 7 days after injection of Pan-EG4-ICG (400 pg). The circles drawn by the dashed line represent the tumor regions. (C) PA signal intensity ratios (24 h post-injection/pre-
injection) calculated from PA images (B). For blocking studies, excess Pan was co-injected with Pan-EG4-ICG. Values are represented as mean + SD. n = 3.

to-muscle (T/M) ratios increased with time and reached 2.1 and
18.0, respectively, 7 days after injection of Pan-EG4-ICG (400 png).

3.5. In vivo PA imaging studies

Based on the results of the in vivo biodistribution study using
Mp-labeled Pan-EG4-ICG, the photoacoustic images of A431 tu-
mor bearing mice intravenously injected with 400 pg of Pan-EG4-
ICG were acquired 7 days post-injection (Fig. 3A, B). A 114% in-
crease in PA signal was observed in the tumor compared to pre-
injection (Fig. 3B). PA signals in the tumors were significantly
blocked (35% decrease of PA signals) by co-treatment with an
excess of unconjugated Pan (Fig. 3C), demonstrating that PA signals
partly derived from the Pan-EG4-ICG bound to EGFR expressed in
the tumor cells.

3.6. Depth information by PA imaging and fluorescence imaging
technique

By coverage of tumors with intralipid gel, the marked decrease
of fluorescence signal intensity (70.2%) and the increase of fluo-
rescence signal area (2.5-fold) were observed (Fig. 4A, C), whereas
PA signal area did not change regardless of intralipid coverage,
although the PA signal intensity decreased in part (52%) (Fig. 4B, C).
As shown in our previous study using ICG-labeled human serum
albumin [14], the PA signal intensity was significantly higher than
fluorescence signal intensity in the presence of intralipid gel
(P < 0.01, Fig. 4C), while the apparent tumor size in fluorescence
imaging was significantly larger than that in PA imaging (P < 0.01,
Fig. 4C).

A
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Intralipid (+)

v »
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4. Discussion

Optical imaging has many theoretical advantages for tumor
identification and characterization. The on-off switching of fluo-
rescence signal is one approach to reduce the background signal by
utilizing the activation mechanism. The fluorescence can be
quenched or activated depending on its chemical state. The ICG-
labeled monoclonal antibodies were proposed as activatable mo-
lecular imaging probes. This approach can provide a high tumor-to-
background ratio as shown in Supplementary Figure 3 and previous
studies [17,18]. However, detection depth (~5 mm) remains the
main limitation of the fluorescence imaging method for some ap-
plications [2] as shown in Fig. 4. On the other hand, it was
confirmed that PA imaging has the potential to detect tumors with
a high sensitivity and resolution because of its ultrasonic charac-
teristics (Fig. 4).

To date, some attempts to develop PA probes for molecular
imaging have been reported [8—11,22]. An ICG-labeled single wal-
led nanotube (SWNT) has been proposed as a tumor-targeting PA
probe. The ICG-SWNT conjugates yielded an intense increase of PA
signal (200%) and tumor-to-background ratios [22]. However, the
clinical study has not been conducted yet because of its long-term
toxicity (aggregation) in the liver, lung, and spleen [23]. Gold
nanorods also produced target-specific PA signals. However, the
biocompatibility in humans remains controversial. On the other
hand, as a PA probe based on a monoclonal antibody, the anti-HER2
monoclonal antibody conjugated with the AlexaFluor750 dye
exhibited a HER2-specific PA signal in vitro [11]. In this study, we
selected ICG as a PA signal emitter because ICG has a longer Ex/Em
wavelength (EX/Em = 774/805 nm) than AlexaFluor750 (Ex/
Em = 753/782 nm), which allows photons to penetrate biological
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Fig. 4. Depth information by fluorescence and PA imaging. Fluorescence images (A) and PA images (B) of the tumor injected with Pan-EG4-ICG with (right) and without (left)
intralipid gel. (C) Changes in the ratios of signal intensity and tumor size in the PA and fluorescence imaging with and without intralipid gel. **P < 0.01.
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tissues with relatively high transmittance, enabling depth molec-
ular imaging. Furthermore, quantum yield of ICG is 10-time lower
than that of AlexaFluor750, which could enhance the production of
thermal energy and ultrasonic waves, although the molar extinc-
tion coefficient of ICG (147,000 cm™! M™!) is two-fold lower
compared to that of AlexaFluor750 (290,000 cm~! M~1). Pan-EG4-
ICG enhanced PA signal by 114% at 7 days post-injection and
allowed a clear visualization of EGFR-positive tumors inoculated in
the mammary glands in our breast cancer mouse model (Fig. 3B). A
slight PA signal was observed before probe injection, which was
derived from hemoglobin in the blood. Because both ICG and Pan
were FDA-approved, each component would have a favorable
toxicity profile, although formal toxicity studies of Pan-EG4-1CG
will be required.

The injected dose of Pan-EG4-ICG used in this study (400 nug/
mouse [20 g]) was approximately 2—3-fold higher compared to the
therapeutic dose (maximum therapeutic dose 12 mg/kg). To used in
a clinical trial, the injected dose should be decreased. As the
number of ICG molecules conjugated to Pan increased, the accu-
mulation of Pan-EG4-ICG in the liver was markedly increased due
to the liver targeting of ICG [24], resulting in a decrease in tumor
accumulation (Supplementary Fig. 4). Therefore, because it is
essential to improve the sensitivity for safe use of probes in clinical
settings, the drug design (using a biocompatible drug carrier or
slight modification of ICG molecule) or improvement of detector
sensitivity would be required. In conclusion, ICG-labeled mono-
clonal antibody (i.e., panitumumab) has the potential to enhance
target-specific PA signal, leading to the discrimination of aggres-
siveness and metastatic potential of tumors and the selection of
effective therapeutic strategies. However, the injected dose should
be improved before its application in clinical trials.
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