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Abstract: Breast cancer is common cancer type with high mortality. There are still inperfections in the traditional
diagnosis and treatment methods for cancer. Photoacoustic imaging combines the advantages of high specificity
and deep tissue penetration and is especially suitable for early cancer detection and treatment monitoring. With its
specificity and noninvasiveness; photothermal therapy has become one of the best representative treatment meth-
ods. Indocyanine green (ICG) is a near-infrared imaging reagent approved by the FDA for clinical application, with a
potential application for photothermal therapy. ICG has low targeting specificity. Through the combination of EB and
ICG, the timeliness of ICG circulation in vivo is improved, and the tumor targeting of ICG-E is improved by using RGD.
ICG-ER, an integrated optical probe for diagnosis and treatment, was constructed, and high uptake of ICG-ER by 4T1
cells was observed by flow cytometry and confocal laser scanning microscopy (CLSM). ICG-ER photoacoustic signal
intensity is concentration-dependent. In vivo photoacoustic imaging showed that the ICG-ER concentration time in
the tumor site was long and reached a peak at 42 hours. Under laser irradiation, the temperature of the tumor site
in mice that were injected with ICG-ER reached 56 °C. After photothermal treatment, the tumor tissue in the mice
showed obvious necrosis and no tumor recurrence, proving that ICG-ER has a good photothermal effect. Based on
the above results, ICG-ER can be used in breast cancer optical imaging and photothermal therapy, which is expected
to provide new ideas for breast cancer clinical diagnosis and treatment.
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Introduction ment includes surgery, chemotherapy, and

radiotherapy. Although it has specific curative

With the development and progress of science
and technology, human exploration of cancer
diagnosis and treatment has also made
advancements. However, as an aggressive type
of cancer, breast cancer has a high mortality
rate. Currently, breast cancer imaging diagno-
sis methods include X-ray, ultrasound, and
MRI, but X-rays have radioactivity, ultrasound
has a strong subjectivity, and MRI has a low
specificity in breast cancer diagnosis [1-3].
Photoacoustic imaging (PAl) combines the
advantages of high specificity in pure optical
tissue imaging and deep penetration in pure
ultrasonic tissue imaging. It can obtain tissue
images with high resolution and high contrast,
avoiding the influence of light scattering, in
principle [4]. Traditional breast cancer treat-

effects, there are problems of trauma, specific-
ity, and systemic toxicity which have always
been confusing [5-7]. Photothermal therapy
(PTT) improves the management of the above
issues and has become one of the most repre-
sentative treatment methods [8-11].

Currently, photothermal conversion agents are
mainly inorganic materials and organic dyes
[12]. At present, there have been many PTCAs
used in research. Indocyanine green (ICG), as
the only organic dye approved by clinical prac-
tice, has been widely used in liver surgery [13].
Some studies have shown ICG being used in
breast cancer’s sentinel lymph node (SLN) loca-
tion [14-16], which makes it possible to apply
ICG in photoacoustic imaging and photothermal
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treatment of breast cancer. However, ICG lacks
tumor targeting and has a short half-life in the
blood, which undoubtedly increases the diffi-
culty of ICG in diagnosing breast cancer tumors
[47-19].

EB has a long history of being used as a biofuel
and clinical diagnostic reagent [20]. Bobin and
other researchers evaluated the feasibility of
sentinel lymph node identification in 100
patients with breast cancer, which proved
the dye’s sensitivity in detecting lymph node
metastasis [21]. Integrin o B, receptor is an
essential target for tumor angiogenesis drug
design. Arg-Gly-Asp (RGD) can be recognized by
the integrin o B, receptor [22, 23]. Therefore,
research on RGD-containing peptides as tumor
angiogenesis imaging agents and therapeutic
drugs is also a current research focus [24-27].
We successfully combined EB with ICG to form
ICG-E. Then, we combined ICG-E with ¢(RGDfc)
to obtain ICG-ER (Figure 7), and assume that
this will make ICG-E more effective in tumor
targeting.

This study combined ICG with EB and RGD to
obtain ICG-ER. ICG is used for optical imaging
and photothermal therapy, EB is used to
increase ICG uptake and residence time in
tumors, and RGD is used to target o B, integrin
overexpressed on tumor angiogenesis endo-
thelial cells. ICG-ER has good optical imaging
ability and stability.

Material and methods
Materials and reagents

All chemical reagents were obtained from
the commercial suppliers and used without fur-
ther purification. MALDITOF-MS spectra were
obtained by an AB SCIEX 4700 TOF/TOF
System. UV-vis was tested with a Shimadzu
Model UV-1700 spectrometer. FSL1000 fluo-
rescence spectrophotometer (FSL1000, Edin-
burgh Instruments Ltd.) equipped with the
Quantum Yield measuring accessory and
Report Generator program was used for photo-
luminescence (PL) spectra study and Absolute
Quantum Yield Measurement. Flash chroma-
tography was performed on 200-400 mesh sil-
ica. Thin layer chromatography was performed
using silica gel 60G F254 25 glass plates and
visualized under 254/365 nm ultraviolet light.
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NIR-II in vivo imaging was performed on a small
animal imaging system with fiber-coupled 915
nm laser system. Propidium iodide (Pl) and a
cell counting kit (CCK-8) were made in Dojindo
(Japan). The plasma water was from a Millipore
water purification system. Other reagents were
used without further purification.

Synthesis of ICG-ER

Synthesis of ICG-E: EB-Mal was prepared
according to previous work [28]. ICG-NHS (16
mg, 1 eq) in 3 mL anhydrous N, N-dimethyl-
formamide (DMF) was stirred with EB-Mal (16
mg, 1.1 eq) with the addition of DIPEA (3 eq).
Then, the mixture was stirred under an N2
atmosphere at room temperature. The reaction
was monitored by HPLC analysis and complet-
ed in 4 hours. The mobile phases (A) de-
mineralized water and (B) acetonitrile were
acidified to pH 3 with trifluoroacetic acid.
Gradient elution was performed as follows:
10% B, 0-3 min; 10-90% B, 3-12 min; 90% B,
12-16 min; 90-10% B, 16-18 min; and 10% B,
18-20 min. The product was purified by Pro-
HPLC (Figure S4). MALDI-TOF-MS analysis con-
firmed a mass of 1534.58 [M]" with an isolated
yield of 53% (7.9 mg) (Figures S5, S6).

Synthesis of ICG-ER: ICG-E (1 eq, 15 mg) was
dissolved in 0.5 mL of DMSO. RGD-SH (1.1 eq,
6.3 mg) was dissolved in 5 mL of degassed
0.1% sodium ascorbate (w/v) in phosphate-
buffered saline (PBS), and added to the reac-
tion solution. The reaction was stirred at RT for
2 h. The reaction mixture was monitored by
analytical HPLC and purified by Pro-HPLC
(Figure S7). The mobile phases (A) demineral-
ized water and (B) acetonitrile were acidified
to pH 3 with trifluoroacetic acid. Gradient elu-
tion was performed as follows: 10% B, 0-3
min; 10-90% B, 3-12 min; 90% B, 12-16 min;
90-10% B, 16-18 min; and 10% B, 18-20 min.
MALDI-TOF-MS analysis confirmed a mass of
2110.583 [M] with an isolated yield of 48%

(10.2 mg) (Figure S8).

Cell culture and 4T1 tumor-bearing mice
model

Murine breast cancer: 4T1 breast cancer cells
were purchased from ATCC (Shanghai, China),
and the full medium was prepared with RPMI-
1640 medium (Gibco), 10% fetal bovine serum
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(FBS), and 1% penicillin streptomycin antibody.
The cells were incubated in an incubator of 5%
CO, and 37°C. When the cells were cultured to
80% confluency, they were passed on at a ratio
of 1:3 to carry out cell experiments and con-
struct tumor models.

All animals (female BALB/c nude mice, weigh-
ing 18-22 g, aged 6-8 W) were purchased from
the experimental animal center of Chongging
Medical University. All experiments and opera-
tions were carried out with the approval of
guidelines from the Animal Care and Use
Committee of the First Affiliated Hospital of
Chongqing Medical University (Grant Nos.
82102093, ethical approval report has been
provided to the Supplementary Data File). The
cells were suspended in PBS (100 upl 1x10°
4T1 cells per mouse) and then subcutaneously
injected into the left hind limb of the female
nude mice. The tumor volume was calculated
by [M/6 x length x (width)?].

In vitro cytotoxicity and intracellular uptake of
ICG-ER

4T1 cells in logarithmic growth phase were
seeded in 96-well plates at a density of 2x
10%/ml well, and cultured in a cell incubator at
37°C and 5% CO, until more than 50% adher-
ent. The experimental group (As) was cocul-
tured with different concentrations of ICG-ER
(10, 20, 30, 40, and 50 pg/ml) cell culture
medium. Pure culture medium was set as the
blank group (Ab), sterile culture medium plus
cells as the control group (Ac), and 6 multiple
wells were set at each concentration.

After 24 hours of culture, all cells were washed
with PBS and then incubated with 100 uL of
10% CCK-8 reagent for 30 minutes in each
well. The multifunctional microplate reader was
set to scan at 450 nm. The cell survival rate
was calculated according to the formula [(As-
Ab)/(Ac-Ab)] x100%.

To study the uptake of ICG and ICG-ER in tu-
mor cells, 4T1 cells (5x10%/ml) were placed in
CLSM dishes. After 24 hours, the cells were
cultured in a complete medium containing ICG
or ICG-ER for 12 hours, and the nuclei were
stained with Pl. CLSM (Nikon A1, Japan) was
used to record fluorescence images directly. In
addition, the intracellular uptake of 4T1 cells,
coincubated with ICG or ICG-ER for 12 h was
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measured by CytoFLEX flow cytometry (Beck-
man Coulter. Suzhou, China).

In vitro and in vivo PA imaging

To evaluate the PA imaging effect of ICG-ER, a
gel model with a diameter of 5 mm was pre-
pared. ICG-ER maximum absorbance in the
range of 680 nm-970 nm (interval =5 nm) was
measured by a VEVO LAZR photoacoustic
imaging system (VisualSonics Inc., Toronto,
Canada). Then, a laser at an excitation wave-
length of 805 nm was used (Figure S9).
Different concentrations (5, 10, 15, 20, and
25, ug/ml) of ICG-ER solution were used for PA
imaging. Then, the region of interest (ROI) of
each image was checked with VEVO LAZR soft-
ware, and the PA intensity value of the region
was measured. For in vivo PA imaging, nude
mice bearing 4T1 tumors (n=3) were injected
with ICG-ER (0.35 mg/ml) diluted with 10%
Human serum albumin (HSA) via the tail vein.
PA images were collected at different times
(pre, 6 h, 12 h, 24, 36 h, 42 h), and the average
PA intensity of the tumor area was measured.

In vitro photothermal effect

To better observe the influence of concentra-
tion on ICG-ER temperature under laser irradia-
tion the following steps were performed. First,
ICG-ER was diluted in different concentrations
(10, 20, 40, 80, 160 pg/ml), and normal saline
was used as a blank control. Second, diluted
ICG-ER and normal saline were added to six
96-well plates. The 808 nm laser (1.5 W cm3)
was used to irradiate for 400 s. Over time, the
temperature changes of ICG-ER and normal
saline at different concentrations were moni-
tored with a thermal imager (Fourier 226,
China).

In vivo photothermal therapy

To evaluate whether ICG-ER has the effect of
photothermal therapy, mice with a tumor vol-
ume reaching 50-80 mm?® were randomly
divided into 4 groups (n=3). The first group was
the control group, and 100 ul of normal saline
was injected into the tail vein. In the second
group, 100 pl 0.35 mg/ml ICG-ER solution was
injected intravenously. In the third group, 100
pl of normal saline was injected into the tail
vein and irradiated with an 808 nm laser
(1.5 W cm?) for 10 minutes. The fourth group
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Figure 1. A. CLSM images of 4T1 cells coincubated with ICG-ER or ICG for 12 h. B. Flow cytometry analysis of intra-
cellular uptake of ICG-ER and ICG. All images were observed under the CLSM at 200X maghnification. The scale bars

are 100 ym.

was the ICG-ER+laser group. One hundred
microliters of 0.35 mg/ml ICG-ER was injected
intravenously and irradiated with an 808 nm
laser (1.5 W cm?) for 10 minutes. An infrar-
ed thermal imaging camera recorded the tem-
perature change and infrared thermal images.
The tumor volume and weight changes of the
four groups of mice were recorded every two
days after photothermal treatment. The tumor
volume was calculated by V/V, (V. initial tu-
mor volume before treatment). After 24 hours
of photothermal treatment, blood, main organs
(heart, liver, spleen, lung, kidney), and tumor
tissue were harvested and fixed in 4% parafor-
maldehyde solution (n=3). To observe the bio-
safety of ICG-ER, ALT, AST, and BUN kits were
used to detect renal function and liver func-
tion. The main organs were stained with H&E.
Finally, H&E, PCNA, TUNEL, and HSP70 staining
were performed analyze the histopathological
changes in tumor tissue.

Statistical analysis

All statistical analyses were performed with
SPSS 20.0 software. Data were presented as
mean = standard deviation. The significance of
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data was analyzed according to Student’s
t-test, one-way ANOVA and two-way ANOVA.

Results
Preparation and characterization of ICG-ER

ICG-E was easily synthesized through the direct
conjugation of ICG-NHS with compound EB-Mal.
The free thiol group of c(RGDfc) was covalently
attached to the ICG-E maleimide motif to give
the final ICG-ER product (Figure 7).

In vitro cytotoxicity and in vitro cell targeting

After the cells were incubated with ICG-ER for
24 h, the cell survival rate was calculated
according to the CCK-8 method (Figure S1). The
results showed that at the highest concentra-
tion (50 pg/ml), the cell survival rate reached
more than 95%. This indicates that ICG-ER has
very low biological toxicity.

To explore the targeting ability of ICG-ER and
ICG on tumor cells, we observed the uptake of
ICG-ER and ICG in 4T1 cells by CLSM. The
results showed that ICG-ER was concentrated
around the nucleus, whereas ICG did not pro-
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Figure 2. A. In vitro PA contrast images and PA values of different ICG-ER concentrations. B. In vivo PA images of
tumors in 4T1 tumor-bearing mice after caudal vein injection of ICG-ER at different time points. C. Changes in PA
signal intensities within tumor regions at corresponding time points. The intensity of the PA signal at different time
points before and after ICG-ER injection was analyzed by one-way ANOVA, *"P<0.01, *"*P<0.0001. (Values are

means + SD., n=3).

duce such an effect (Figure 1A). Flow cytome-
try results showed that the uptake of ICG-ER
by 4T1 cells was 99.83%+0.31%, and the
uptake of ICG was 1.63%+0.15% (Figure 1B).
Both CLSM and flow cytometry showed that
ICG-ER was more specific to tumor cells than
ICG. These results provide evidence for ICG-ER
photoacoustic imaging and photothermal ther-
apy in vivo.

In vitro and in vivo PA imaging

PA is a new imaging method, and its sensiti-
vity is better than that of CT [29]. Because ICG
has strong absorbance in the near infrared
region, ICG is often used as a PA contrast
agent. We will use 10% HSA for ICG-ER diluted
to different concentrations. At the concentra-
tions of 5 pg/ml to 25 pg/ml, the PA signal
was more pronounced. The PA signal intensity
increased linearly with increasing ICG-ER con-
centration intensity (Figure 2A). PA images
(Figure 2B) and signal values of the tumor site
were recorded before and after ICG-ER was
injected into the tail vein of nude mice. The PA
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signal in the tumor site was stronger with time
and reached a peak value at 42 h (Figure 2C).
This indicates that ICG-ER can be a PA contrast
agent in vivo.

In vitro photothermal effect

To evaluate the photothermal properties of
ICG-ER, different concentrations of ICG-ER
solution and water were irradiated with an 808
nm laser with a power density of 1.5 W cm for
400 s. Through a thermal imager (Fluke Ti32,
Fluke Corporation, USA) and infrared imager,
with increasing concentration, the heat gener-
ated by ICG-ER under laser irradiation also
increased (Figure 3A). At a 160 pg/ml concen-
tration, the temperature of laser irradiation for
240 s reached 65.2°C. These results indicate
that ICG-ER can be used for photothermal ther-
apy in tumors (Figure 3B).

In vivo photothermal therapy

ICG-ER has a good photothermal conversion
rate and tumor targeting making ICG-ER feasi-

Am J Transl Res 2022;14(3):1991-2001



New probe for photoacoustic imaging and photothermal therapy

A 400 High B
o33 oF

—— Control —— 80pg/ml
Control 70 onteo v
= 10pg/ml == 160ug/ml

60— — 20ug/ml
10pg/mi -
— 40pg/ml
g 50 ug/mi
g
£ 40
g

E 30+
8

20pg/mi

40pg/mi

20

80ug/ml

1 T T T T T T T 1T
0 40 80 120 160 200 240 280 320 360 400 440

160pg/mi Low
Time(sec)

Figure 3. A. The corresponding IR thermal images of saline and ICG-ER different solution concentrations (10, 20,
40, 80, 160 ug/ml) at a stable power density of 808 nm laser (1.5 W/cm?). B. Temperature changes of ICG-ER and
normal saline at different concentrations after laser irradiation for 400 s. The higher the concentration of ICG-ER,
the higher the temperature. At a concentration of 160 ug/ml, ICG-ER produced a maximum of 65.2°C after laser
irradiation.
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Figure 4. A. IR thermal images of

4T1 tumor-bearing mice in various
— groups (control, ICG-ER, laser, ICG-
2 ER combined with a laser). B. The

ble in photothermal therapy. To verify this, 4T1
tumor xenografts were established in nude
mice. When the mice tumor volume reached
50-80 mm?3, ICG-ER was injected into the
mice’s tail vein, and normal saline was injected
into the control group. According to the PA
imaging results, after injection of ICG-ER and
normal saline for 42 hours, 808 nm laser irra-
diation was carried out. The temperature
change of the tumor site was recorded by
an infrared thermal imaging camera (Figure
4A). The mice injected with ICG-ER were irradi-
ated by an 808 nm laser (1.5 W cm) and then
heated rapidly (statistical temperature, Figure
4B).
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thermal imager measured the tem-
perature time curves of tumor sites
in different groups.

The mice injected with normal saline and irradi-
ated with the same laser had little temperature
change. In contrast the mice injected with nor-
mal saline and ICG-ER but not irradiated with
laser had no significant temperature change.
The tumor volumes of mice treated with differ-
ent methods were recorded (Figure 5A, 5B).
ICG-ER injection alone or laser irradiation had a
little therapeutic effect on tumors in mice.
Similarly, the tumors of mice injected with ICG-
ER and irradiated with laser were eliminated
without recurrence. During the 16-day observa-
tion period, there was no significant difference
in the bodyweight of mice in each group (Figure
5C).
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Figure 5. A. Photographs of changes in 4T1 tumor-bearing mice of different groups were recorded by cameras every
two days during the 14 days. B. Relative tumor growth curves of the four groups after various treatments during the
observation period. All data were tested for significance by two-way ANOVA. **P<0.01, ***P<0.0001 ICG-ER vs. ICG-
ER+Laser, #P<0.05, ##P<0.001, ##P<0.0001 Laser vs. ICG-ER+Laser, ¥P<0.05, 44P<0.001, #4&P<(0.0001 Control
vs. ICG-ER+Laser. (Values are means + SD, n=3). C. The body weight curves of 4T1 tumor-bearing mice with various

treatments for 14 days.

The histopathology results also verified the
photothermal effect of ICG-ER. H&E staining
showed that the tumor cells in the treatment
group were necrotic. TUNEL and PCNA showed
that apoptosis increased and proliferative cells
decreased in the treatment group. HSP70
staining also showed that the expression of
HSP70 in the treatment group was significantly
increased (Figure 6). This indicates that ICG-ER
has a good photothermal effect.

To test the biosafety of ICG-ER, one mouse in
each group was taken for H&E staining of the
main organs (heart, liver, spleen, lung, and kid-
ney) (Figure S2). No apparent histopathological
lesions were found. These results indicate that
ICG-ER has high histocompatibility with the
human body. At the same time, the blood of
these mice was taken to detect liver and kidney
function, and the results showed no significant
change (Figure S3). This indicates that ICG-ER
has high biological safety.
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Discussion

Photoacoustic imaging can effectively show
the structure and function of biological tissue
with the help of a photosensitizer. It provides
an important means to study biological tissue
morphological structure, physiological charac-
teristics, pathological characteristics, and met-
abolic function. Furthermore, it is especially
suitable for early detection and treatment
monitoring [30]. PTT uses PTCA with high-effi-
ciency photothermal conversion. It is injected
into the human body, uses targeted recognition
technology to gather near tumor tissue, and
converts light energy into heat energy under
near-infrared light (NIR) irradiation to eliminate
local tumors [31].

ICG is a tricarbocyanine dye with a near-infra-
red characteristic absorption peak approved by
the US Food and Drug Administration (FDA) as a
clinical near-infrared imaging reagent [32]. ICG

Am J Transl Res 2022;14(3):1991-2001
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to bottom: H&E-stained cells, TUNEL-positive cells (green), PCNA-positive cells (red), and HSP70-positive cells (red).
The DAPI-labeled nuclei are blue. The scale bars are 50 um. All images were observed and retained by electron
microscopy at 36.5X magnification.
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can strongly absorb light energy and convert it in photoacoustic imaging and photothermal
into heat energy [33], making it suitable for use therapy. In recent years, the research on the
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treatment of ICG in breast cancer is in full
swing, such as modifying ICG with hyaluronic
acid and metal nanoparticles which can be
degraded by tumor-specific hyaluronidase, so
that ICG can be targeted by metal nanoparti-
cles and can be degraded by tumor hyaluroni-
dase into the interior of the tumor, so as to
improve the efficacy of photothermal therapy of
ICG in breast cancer [34]. However, in this
study, the breast cancer tumors were not com-
pletely cleared, and the metal nanoparticles
were made of rare metal, which made the prep-
aration of the probe more expensive.

In addition to using metal nanoparticles to
enhance the targeting of ICG, it is common to
using RGD to directly modify ICG to enhan-
ce targeting. A study used internalized RGD
(IRGD) to modify ICG liposomes to evaluate the
efficacy of photothermal therapy and photody-
namic therapy. The results show that iRGD-
ICG-LPs has a good targeting for breast cancer,
and the efficacy of photothermal therapy is sig-
nificantly stronger than that of non-targeted
ICG-LPs [35]. However, in order to give full play
to the photothermal effect of ICG, we not only
need to target ICG to the tumor tissue, but also
need to increase the residence time of ICG in
the tumor tissue, so as to achieve a better cura-
tive effect.

Some studies have shown that the use of albu-
min binder can prolong the blood circulation
time of drug molecules [36, 37], which will pro-
long the time of imaging and therapy, so as to
significantly increase the effective therapeutic
dose and achieve better therapeutic results. As
a widely used albumin binder, EB is an azo dye
with a high affinity that can reversibly bind to
human serum albumin in vivo and in vitro [20,
38]. When injected intravenously, EB can
stably be combined with albumin in the blood.
Due to its high water solubility and slow excre-
tion, EB is widely used in biomedicine, such as
evaluating blood volume and detecting lymph
nodes and tumor location [39-41]. EB can be
labeled with many molecular compounds. For
example, derivatives such as NOTA-Evans Blue
(NEB), have now been labeled with the nuclide
68Ga and used clinically [42]. The uptake and
retention time of nuclides in the tumor region
was significantly prolonged after EB and radio-
nuclide probe labeling [43], which led us to
wonder whether EB combined with ICG could
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significantly improve the retention time and
uptake degree of ICG in tumors. Related
research has shown that the retention time of
ICG-RGD in the tumor area is short, and the
photoacoustic signal of the tumor tissue obvi-
ously declines at the 24th hour [44]. After
using EB, the retention time of ICG-ER in tumor
tissue was significantly longer than that of ICG-
RGD alone, and the photoacoustic signal of
tumor tissue remained at a high level from 12 h
to 42 h, which significantly improved the timeli-
ness of photothermal therapy of ICG.

We can draw the following conclusion from the
above result: ICG-ER is a new albumin binding
probe that can stably achieve targeted tumor
imaging and photothermal therapy. ICG-ER
shows the advantages of low toxicity and high
targeting at both the cell and animal levels. In
vivo photoacoustics showed perfect binding
and retention times at the tumor site, which
makes ICG-ER a good potential in PA. ICG is a
good PTCA. After the modification of EB and
RGD, the stability of ICG-ER in vivo is enhanc-
ed, and it has an excellent photothermal con-
version rate. Related studies have proved that
the growth of tumor cells will be inhibited
when the temperature of tumor site reaches
47°C or higher [45]. In the study of photother-
mal effects in vitro, ICG-ER increased rapidly
and obviously after laser irradiation, and the
temperature reached 65°C at the concentra-
tion of 160 pg/ml. This advantage gives ICG-
ER a guiding significance in applying targeted
photothermal therapy, and after 16 days of
photothermal therapy, there is no recurrence in
the tumor site. In general, ICG-ER has potential
in the optical imaging and photothermal treat-
ment of malignant tumors.
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Figure S1. Cell viability of 4T1 cells after incubation with EB-ICG-RGD at different concentrations for 24 h.
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Figure S2. H&E staining of the major organs (heart, liver, spleen, lung, and kidney) of 4T1 tumor-bearing mice after
different treatments. The scale bars are 50 ym. All images were observed and retained by electron microscopy at
36.5X magnification.
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Figure S3. ALT, AST and BUN of the tumor tissue at 1 day after various treatments. All the indicators are within the
normal range.
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Figure S4. HPLC chromatogram (254 nm) of ICG-E.
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Figure S5. MALDI-TOF-MS measurement of EB-Mal.
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Figure S6. MALDI-TOF-MS measurement of ICG-E.
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Figure S7. HPLC chromatogram (254 nm) of ICG-ER.
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Figure S8. MALDI-TOF-MS measurement of ICG-ER.
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Figure S9. The most optimal wavelength for PA imaging by full-wavelength scanning.



