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Abstract: While it has been a great challenge to determine the positive status of metastasis lesions, intraoperative 
tumor imaging, which can show tumor localization and facilitate intraoperative staging of nodal metastases, have 
enabled surgeons to quickly and accurately perform radical resections. However, to date, there is no accurate meth-
od for evaluating nodal status intraoperatively. In this study, we synthesized activatable cell-penetrating peptides 
(ACPPs) that can specifically recognize colorectal cancer and their nodal status. ACPPs were labeled with Cy5 dye 
at the C-terminal, and named ACPP-Cy5. Laser scanning confocal microscopy and flow cytometry were used to mea-
sure the change in intracellular fluorescence intensity between cancer cells and normal cells. The results showed 
while the intracellular Cy5 fluorescent intensity can be visualized in both cancer and normal cells by 8 h after adding 
ACPP-Cy5, the relative fluorescence intensity of colorectal cancer cells was significantly higher than the normal cells. 
In addition, IVIS spectrum in vivo imaging system was used to observe the fluorescence intensity of ACPP-Cy5 after 
tail vein injection of mice with subcutaneous tumor or orthotopic colorectal cancer and liver metastasis. We found in 
mice with colorectal cancer and liver metastasis the Cy5 fluorescence intensity of cancer was significantly increased 
compared to the organs including liver, colorectum, lung, spleen, and heart. It is demonstrated here, this ACPPs can 
target colorectal cancer and liver metastasis, therefore ACPP-Cy5 may be a promising tool used for the diagnoses of 
colorectal cancer and to assist in tumor localization during surgery. 

Keywords: Activatable cell-penetrating peptide, colorectal cancer, matrix metalloprotease, real-time imaging, in 
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Introduction

Colorectal cancer is the third common cancer 
and the second leading reason of in all cases of 
tumor death worldwide [1]. Currently, the most 
important treatment for colorectal cancer is 
surgery [2]. To ensure the quality of surgery, the 
radical resection of lesions, including the pri-
mary tumor, vasculature, and metastasis, is 
needed [3-5]. Despite the currently available 
preoperative neoadjuvant therapies and post-
operative chemoradiotherapies for advanced 
colorectal cancer, it still remains challenging to 
completely resect all tumor lesions, and the 
recurrence rate after surgical resection is still 
very high [6, 7].

The development of minimally invasive surgery 
has led to laparoscopic surgery being presently 
used in many hospitals. While the laparoscopic 
surgery could provide broad vision, the lack of 
tactile feedback makes it difficult to accurately 
localize small tumors [8]. At present, some hos-
pitals have used fluorescent laparoscopic sur-
gery to show vessels to predict the blood supply 
of anastomosis and urethra under laparoscope, 
and some materials which can target and treat 
inflammation diseases or breast cancer have 
been reported [9, 10]. However, the exact loca-
tion of colorectal cancer cannot be determined 
owing to the lack of methods to accurately iden-
tify and visualize tumors [11-14]. These high-
light the importance of intraoperative tumor 
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imaging that targets tumor and facilitate intra-
operative staging of nodal metastases. It is 
imperative to find a method that can target and 
display all colorectal cancer lesions during sur-
gery, and guide surgeons to accurately and 
completely remove tumor lesions, while retain-
ing as much of the normal tissues as possible, 
avoiding function loss of organs, and reducing 
possibility of tumor recurrence.

Cell-penetrating peptides (CPPs) are commonly 
five to thirty amino acids long peptides and can 
freely penetrate cellular plasma membranes 
and carry cargoes into almost all cells, which 
include molecular drugs, oligonucleotides, and 
proteins [15-17]. However, since CPP are not 
able to precisely recognized cells, their ability to 
target tumors is limited. To address this prob-
lem, an activatable cell penetrating peptide 
(ACPP) was established with the definite mech-
anism that target matrix metalloproteases-2 
(MMP-2) and MMP-9 [18, 19]. ACPP contains 
three parts including: CPP region (Polycation); a 
recognition site that can be activated by MMP-2 
and MMP-9; and an additional region which can 
quench the function of CPP region (Polyanion). 
When ACPP is activated by MMP-2 and MMP-9, 
the polyanion region is cleaved from the CPP 

activated ACPP can carry the cargo into colo- 
rectal cancer. ACPP was hardly activated by 
normal cell due to the lack of MMP-2 and MMP-
9, and ACPP could not enter normal cell. 

Thus, the main objectives of this study were: (1) 
to acquire the ability of visualization of ACPP-
Cy5 by mark ACPP using Cy5; (2) to verify 
whether it could specifically recognize colorec-
tal cancer cells via ACPP-Cy5 incubated with 
colorectal cancer cells and normal colorectal 
epithelium cells; (3) to explore the distribution 
of ACPP-Cy5 in vivo, and (4) to evaluate its value 
in real-time imaging of colorectal cancer and 
metastasis lesions by using subcutaneous 
colorectal cancer and orthotopic colorectal 
cancer with liver metastasis mouse models. 
The visualization system reported in this study 
has demonstrated its potential for the detec-
tion, and the localization of colorectal cancer 
and the metastasis lesions.

Materials and methods

All animal experiments were approved by the 
Animal Ethics Committee of Sun Yat-sen 
University (Guangzhou, Guangdong, China) (No. 
2017-211) and were conducted in compliance 
with the Regulations for the Administration of 

Scheme 1. Schematic representation of ACPP-Cy5 nanosystem for targeting 
and imaging colorectal cancer. Cellular uptake caused by the polycation pep-
tide is prevented by the polyanion peptide connected by a cleavable domain. 
Once the connecting domain is cleaved by MMP-2/9, the polyanion inhibitory 
domain will detach, and the polycation domain along with the Cy5 label can 
freely penetrate into cells.

region allowing it to regain  
its cell-penetrating ability, and 
carry materials into cells 
through endocytosis [20-22]. 
According to a previous study, 
MMP-2 and MMP-9 are over-
expressed in colorectal can-
cer cells, but under expressed 
in normal colorectal epitheli-
um cells and colorectal polyps 
[23]. Moreover, some previ-
ous studies reported that 
MMP-2 and MMP-9 plays a 
major role in colorectal can-
cer invasion and metastasis 
[24-26]. 

In the current work, we devel-
oped the ACPP that can recog-
nize colorectal cancer cells, 
show tumor localization, and 
even to distinguish the status 
of nodal metastases (Scheme 
1). ACPP could be activated  
by colorectal cancer through 
MMP-2 and MMP-9, and the 
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Affairs Concerning Experimental Animals of 
China.

ACPP-Cy5 peptide: H2N-DGGDGGDGGDG-PLG- 
LAG-RRRRRRRRR-C (Cy5-C2-Mal) was synthe-
sized by Peptide Company, Hangzhou, Zhejiang, 
China. The purity of ACPP-Cy5 was 96.4% (Table 
S1 and Figures S1, S2). 

Cell culture

HCT116 cells (American Type Culture Collection 
Manassas (ATCC), Virginia, USA) were kept in 
modified McCoy’s 5A cultivation medium (Gi- 
bco, Grand Island, New York, USA), and DLD1 
and KM12 cells (ATCC) were cultured in Roswell 
Park Memorial Institute (RPMI) 1640 cultiva-
tion medium (Gibco). All the mediums were 
added with 10% fetal bovine serum (FBS) 
(Gibco) and 100 IU/mL penicillin-streptomycin. 
HCT116, DLD1 and KM12 cells are proved to 
overexpressed MMP-2 and MMP-9 [27-29]. 

The human normal colorectal epithelium cell-
NCM460 cells (cell bank of Shanghai Institutes 
for Biological Sciences, Shanghai, China) were 
kept in Dulbecco’s modified Eagle medium 
(DMEM) (Gibco) supplemented with D-glucose, 
L-glutamine, sodium pyruvate (Gibco), and 10% 
FBS. According to previous studies, NCM460 
cells are confirmed to secrete lower MMP-2 and 
MMP-9 [28, 30].

All cells were kept in an incubator (Thermo 
Fisher Scientific, New York, USA) under 37°C, 
5% CO2 and humidified conditions. All experi-
ments were performed when cells at the expo-
nential growth phase.

Confocal microscopy imaging

HCT116, DLD1 and KM12 colorectal cancer 
cell lines and NCM460 control cells were plat-
ed on coverslips in 24-well plates (1 × 104 cells 
per well) and cultured overnight. Then the cells 
were washed twice with warm phosphate-buff-
ered saline (PBS) and incubated with ACPP-Cy5 
(10 µMol/L) in medium without FBS for 4 h. 
After that, the cells were washed three times in 
PBS and fixed overnight in 4% paraformalde-
hyde. The cell nuclei were stained with Hoechst 
33258 for 10 minutes, and laser scanning con-
focal microscope (Leica Microsystems, Oskar, 
Barnack, Germany) (Hoechst 33258: excita-
tion, 375-385 nm; emission, 420-460 nm; and 

Cy5: excitation, 625-645 nm; emission, 665-
695 nm) was used to take the confocal micros-
copy single cell images of the cell lines.

HCT116, DLD1 and KM12 colorectal cancer 
cell lines were cultured on coverslips in 24-well 
plates (1.5 × 105 cells per well). NCM460 con-
trol cells were also seeded on coverslips in 
24-well plates (1.5 × 105 cells per well). These 
cells were grown for approximately 36 h. After 
washing twice with warm PBS, the cells were 
treated with ACPP-Cy5 (10 µMol/L) in medium 
without FBS for 0, 1, 2, 4 and 8 h. Then, the 
cells were washed three times in PBS and fixed 
overnight in 4% paraformaldehyde. The cell 
nuclei were stained with Hoechst 33258 for 15 
minutes, and laser scanning confocal micro-
scope was used to take the confocal microsco-
py images of the cell lines.

Flow cytometric detection

HCT116, DLD1, KM12 and NCM460 cells were 
cultured respectively in 5 wells of 12-well plates 
and grown for 24 h. The cells were rinsed twice 
with PBS and treated with ACPP-Cy5 (10 
µMol/L) for 0, 1, 2, 4, and 8 h. After the cells 
were washed three times in PBS, they were 
trypsinized and transferred to 15 mL centrifuge 
tubes and centrifuged. Then, the cells were 
washed with 1 mL of PBS twice. Finally, the 
cells were resuspended in 600 µL PBS and 
transferred into polystyrene round-bottom 
tubes that has cell-strainer caps. The samples 
were kept in dark and stored at 4°C. The aver-
age intracellular fluorescence signal intensity 
of at least 10,000 cells per sample was mea-
sured by flow cytometry (Becton Dickinson, 
Franklin Lakes, New Jersey, USA). 

Viability assay

The viability of normal colorectal epithelium 
cells was determined by CCK-8 assay (Sigma-
Aldrich, Shanghai, China). NCM460 cells were 
cultured overnight in a 96-well plate (1.5 × 105 
cells per well). Subsequently, the cells were 
treated with different concentration of ACPP-
Cy5 (0, 2.5, 5, 10, 20 and 40 µMol/L) for 24 h. 
After discarding the medium, the cells were 
incubated with CCK-8 solution for 2 h at 37°C. 
The absorbance at 450 nm of each sample  
was measured using a Microplate Reader 
(Thermofisher). The percentage of viable ACPP-
Cy5 treated cells was determined in relative to 
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control cells which were considered as 100% 
viable.

In vivo assays

The athymic male mice (BALB/c nu/nu, 18-20 
g, Sun Yat-sen University Animal Laboratories 
Center, Guangzhou, China) at 4-6 weeks old 
were injected subcutaneously with approxi-
mately 2.5 × 106 HCT116 cells/per mice into 
the flank. Tumor diameters were measured with 
caliper every 3 days. After 2-3 weeks when 
tumors reached approximately 10 mm in diam-
eter (Figure S3), the mice were injected with 
100 µL of ACPP-Cy5 (100 µMol/L) via tail vein. 
The images were acquired using IVIS imaging 
system (Perkin Elmer, Waltham, Massachusetts, 
USA) (filters: excision 640 nm, emission 680 
nm) under anesthesia with isoflurane at 0, 3, 6, 
24, 48 and 72 h after ACPP-Cy5 injection 
(Figure S4). To obtain detailed images of the 
organs, the tumor at the flank, colorectum, 
liver, kidney, lung, spleen and heart were har-
vested and imaged again using IVIS imaging. 
Fluorescent measurements (radiant efficiency 
in p/s/cm2/st/uW/cm2) were obtained with 
Living Image system, (version 4.5.5, Caliper 
Life Sciences, Perkin Elmer, USA). 

The athymic male mice (BALB/c nu/nu, 18-20 
g, 4-6 weeks, Sun Yat-sen University Animal 
Laboratories Center, Guangzhou, China) were 
injected with 100 µL of ACPP-Cy5 (100 µMol/L) 
via tail vein. The fluorescent IVIS imaging sys-
tem (filters: excision 640 nm, emission 680 
nm) then was used to take images of mice 
under anesthesia with isoflurane at 0, 3, 6, 24, 
48, and 72 h after ACPP-Cy5 injection. After 
vivo imaging, the colorectum, liver, kidney, lung, 
spleen, and heart were harvested and imaged 
again using IVIS imaging. Fluorescent measure-
ments (radiant efficiency in p/s/cm2/st/uW/
cm2) were obtained with Living Image system, 
(version 4.5.5, Caliper Life Sciences, Perkin 
Elmer, USA).

Orthotopic colorectal cancer and liver metas-
tasis model

HCT116 (2.5 × 106) cells were suspended in 50 
μL of serum free McCoy’s 5A medium. Twelve 
athymic male mice (BALB/c nu/nu, 18-20 g, 
Sun Yat-sen University Animal Laboratories 
Center, Guangzhou, China) at 4-6 weeks old 
were individually anesthetized with ketamine 

and xylazine. Laparotomy was performed on 
each mouse to expose the cecum in order for 
the injection of the HCT116 cells with a micropi-
pette (Figure S3). The cell suspension was slow-
ly injected into the cecum wall at a 30-45° 
angle. In order to prevent tumor cells from 
refluxing into the abdominal cavity, 5% iodine in 
cotton pad was fixed on to the cecum approxi-
mately 2 mm from the injection site for 5 sec-
onds. After the injection, the cecum was 
returned to the abdominal cavity and the abdo-
men was closed. After 45 days, mice were 
intravenously injected with 100 µL ACPP-Cy5 
(100 µMol/L). After 3 and 6 h, the colorectal 
cancer, colorectum and liver were harvested 
from each animal and imaged under IVIS imag-
ing (filters: excision 640 nm, emission 680 nm). 

To verify that the region, with high fluorescence 
intensity, is the colorectal cancer or liver metas-
tasis, the tumor tissues and liver were further 
fixed in 4% paraformaldehyde (PFA) for 24 h 
and were dehydrated in ascending grades of 
alcohol and embedded in paraffin according to 
standard procedures. The thickness of paraffin 
section was set as 7 µm and was stained with 
hematoxylin and eosin (H&E) to observe the 
colorectum and liver. 

Statistical analysis

The statistical analysis was conducted using 
SPSS software version 20.0 (SPSS, Chicago, 
Lllinois, USA). Unpaired Student’s t-test was 
applied to analyze the data, and the differenc-
es were considered statistically significant 
when P < 0.05.

Results

Laser confocal microscopy imaging

The uptake of ACPP-Cy5 were studied in 
colorectal cancer cells (HCT116, KM12 and 
DLD1), and normal colorectal epithelium cells 
(NCM460) using a laser confocal scanning mi- 
croscopy. After incubated with ACPP-Cy5 for 4 
h, the Cy5 fluorescence shown in colorectal 
cancers and cannot be observed in normal 
colorectal epithelium cells (Figure 1). Then, all 
cell lines were incubated with ACPP-Cy5 from 0 
to 8 h. As shown in Figure 2, the normal 
NCM460 cells are without obvious morphologic 
changes after incubating with ACPP-Cy5 for 8 h. 
The red fluorescence emerged at 1 h in colorec-



Targeting and imaging CRC by ACPPs

1758	 Am J Transl Res 2020;12(5):1754-1766

tal cancer cells (Figure S5) and the intensity 
continuously increased with longer incubation 
(Figure 2). In comparison, the fluorescence 
intensity of Cy5 was significantly weaker in 
NCM460 cells than in colorectal cancer cells at 
1, 2, 4, 8 h, indicating that ACPP was activated 
by cancer cells leading to a preferential well 
uptake of Cy5. 

Flow cytometry detection

The average intracellular fluorescence intensity 
of the cells, including the blank control of differ-
ent cells, was measured with a flow cytometry 
(Figure 3). 

Although the average intracellular fluorescence 
intensity of Cy5 increased over time in all the 
cell lines, the fluorescence intensity was rela-
tively lower in the NCM460 cells compared to 
the colorectal cell lines (Figures 3 and 4).

The average fluorescence intensity of three 
independently repeated experiments showed 
that the intracellular fluorescence intensity 
gradually increased with increased ACPP-Cy5 
incubation time. The fluorescence intensity in 
all cells was higher than the one in the blank 
controls. The relative fluorescence intensity 
was analyzed to be different in all cells, and 

In vivo fluorescent imaging of colorectal can-
cer xenografts

To assess whether ACPP-Cy5 probe would work 
in vivo imaging and to examine the distribution 
of ACPP-Cy5 in the organs/tissues of interest, 
HCT-116 cells were used to establish the xeno-
grafts in nude mice. When the animal model 
was established successfully as shown by the 
tumor formation at the site of HCT-116 cell-
injection, the mice were tail vein injected with 
ACPP-Cy5 (at least 4 mice in each group) (Figure 
S5). Then, IVIS fluorescence imaging was per-
formed in vivo and organs/tissues including the 
liver, lung, kidney, heart, colorectum, spleen, 
and tumor at 0, 3, 6, 24, 48 and 72 h (at least 
3 mice per time point) after the probe injection 
(Figure 6A and 6B). Then, the fluorescence 
intensity of the various tissues was quantified 
(Figure 6C). We found that the average fluores-
cence intensity of the kidney was higher than 
the tumor, though this difference was not sta-
tistically significant (P > 0.05). Remarkably, the 
average fluorescent intensity of the tumor  
was significantly higher than those of the liver, 
lung, heart, spleen and colorectum (P < 0.01). 
Moreover, the average fluorescent intensity of 
the tumor, liver, lung, kidney, heart, spleen and 
colorectum decreased gradually with the time.

Figure 1. Confocal microscopy single cell images of NCM460, HCT116, 
DLD1, and KM12 cells with incubated with ACPP-Cy5 for 4 h. Red is the 
symbol of Cy5. Blue expresses the Hoechst 33258 for stained nuclei. Scale 
bar = 10 μm.

Figure 4 showed that the dif-
ferences between colorectal 
cancer cells and normal co- 
lorectal epithelium cells were 
statistically significant (P < 
0.01). This indicated that 
ACPP-Cy5, which can be spe-
cific activated by MMP-2 and 
MMP-9, was more in the 
colorectal cancer cells than in 
the normal cells.

Viability studies

The cytotoxicity of the differ-
ent concentrations of ACPP-
Cy5 on NCM460 cells was 
examined using CCK-8 assay. 
As shown in Figure 5, the cel-
lular viability was unaffected 
in all concentration of ACPP-
Cy5. These findings suggest-
ed the ACPP-Cy5 has low cel-
lular toxicity.
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To detect the distribution of ACPP-Cy5 in no 
tumor mice. ACPP-Cy5 were injected into the 
mice through tail vein (at least 4 mice in each 
group). Then, vivo imaging and organs imaging, 
liver, lung, kidney, heart, colorectum, spleen, 

were done by IVIS fluorescence imaging at 0, 3, 
6, 24, 48 and 72 h after the probe injection 
(Figure S6A and S6B). Then, the fluorescence 
intensity of the organs was quantified (Figure 
S6C). We found that kidney has the highest 

Figure 2. Confocal microscopy images of NCM460, HCT116, DLD1, and KM12 cells with incubated with ACPP-Cy5 
for 0-8 h. Red is the symbol of Cy5. Blue expresses the Hoechst 33258 for stained nuclei. Scale bar = 50 μm.

Figure 3. The result of flow cytometry detection. The average intracellular fluorescence intensity of NCM460, 
HCT116, DLD1, and KM12 cells after incubation with ACPP-Cy5 at 37°C for 0-8 h. Y-axis means the cell count and 
X-axis shows the fluorescence intensity. 
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average fluorescent intensity compared with 
other organs at any time point. In addition, the 
average fluorescent intensity of liver, lung, kid-
ney, heart, spleen and colorectum decreased 
over time (Figure S6C).

Orthotopic colorectal cancer and liver metas-
tasis model

As shown in Figure 7A, the regions with high 
fluorescence intensity for Cy5 are found not 
only in the colorectum, but also in the liver after 
ACPP-Cy5 injection for 3 and 6 h. The histo-
pathological sections of colorectum and liver 
(Figure 7B) were analyzed to identify whether 
the high fluorescence intensity regions in Figure 
7A show the colorectal cancer and metastasis, 

metastatic lesions when they were diagnosed 
the first time [3, 5]. The most common meta-
static organ of rectal cancer is the liver. At pres-
ent, carcinoembryonic antigen (CEA)-targeted 
antibodies are developed as tool for tumor 
localization, as CEA expression is up-regulated 
in colorectal cancer [31, 32]. However, this 
method cannot discern liver metastasis, which 
widely limits its application for metastatic 
colorectal cancer. Therefore, it is of significance 
to find a method that can specifically target and 
localize the sites of colorectal cancer including 
liver metastasis, allowing surgeons to visualize 
and resect all lesions [4, 33]. Here, we used 
Cy5 labelled ACPP as a detection system for 
colorectal cancer for the first time. Since 
MMP-2 and -9 are highly expressed by colorec-
tal cancer cells (reference), using ACPP which 
can only penetrate cells through endocytosis 
when cleaved and activated by MMP-2 and 
MMP-9 is a way to specifically target colorectal 
cancer [20-22]. We found in a colorectal cancer 
mouse model with liver metastasis, ACPP-Cy5 
was able to precisely localize colorectal tumor 
formation in the colorectum and the liver.

ACPPs are used as carriers for cargo, such as 
fluorescent dyes, drugs, and nanoparticles 
which are linked to their polycation region, to 
enter a cell can be [20-22]. This study used 
ACPP to carry the fluorescent dye-Cy5. As a 
near-infrared fluorescent dye, Cy5 has obvious-

Figure 4. The Relative fluorescence intensity of NCM460, HCT116, DLD1, 
and KM12 cells after incubated with ACPP-Cy5 for 1, 2, 4, and 8 h. Notes: 
comparing with NCM460: *P < 0.05, **P < 0.01, and ***P < 0.001.

Figure 5. The effect of ACPP-Cy5 treatment on the 
cell viability of NCM460 cells.

respectively. The result dem-
onstrated that these regions 
are colorectal cancer and liv- 
er metastasis (Figure 7B). In 
addition, the mean fluores-
cence intensity of colorectal 
cancer and liver metastasis 
were twice or thrice higher 
than normal colorectum and 
normal liver (Figure 7C), and 
the difference were statisti-
cally significant (P < 0.01). 

Discussion

It is very difficult to excise all 
lesions when colorectal can-
cer spreads to other tissues 
or organs, and it causes the 
highly postoperative recur-
rence rate. Around 25% of  
rectal cancer patients had 
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ly advantages. First, it has strong tissue pene-
tration abilities, and it can reduce the tissue 
damage from light emission of laser used on 
human during imaging [34, 35]. When ACPP-
Cy5 was specifically recognized by MMP-2/9 
secreted by colorectal cancer tumor cells and 
the cleavable region is resected, then the  
polycation region will separate from the polyan-
ion region. When ACPP was activated, the poly-
cation region would recover its ability to pene-
trate and carry Cy5 into cancer cells through 
endocytosis. Finally, fluorescence imaging sys-
tem (wavelength of 620-670 nm) was used to 
excite Cy5, and Cy5 would emit near-infrared 
fluorescence to visualize rectal cancer cells 
and tissues (Figures 1, 2, 6A, 6B and 7A), it  
can reduce the interference of human body 
fluorescence. 

ACPP-Cy5 can target MMP-2/9 to accurately 
identify the location of colorectal cancer. ACPPs 
have been used in many kinds of cancer. Timon 
et al. [36], Cristina et al. [37] and Duijnhoven et 
al. [38] reported that ACPPs can accurately 
identify salivary gland cancer, pancreatic can-
cer, and breast cancer. Another study had also 
been reported that ACPP can recognize human 
intrahepatic biliary epithelial cells during the 
process of epithelial-mesenchymal transition 
[21]. In this study, the fluorescence intensity of 

colorectal cancer is significantly higher than 
that of colorectum, liver, lung, spleen and heart 
in the subcutaneous tumor animal model 
(Figure 6C). In the orthotopic colorectal cancer 
and liver metastasis model, the fluorescence 
intensity of liver metastases and colorectal 
cancer was significantly higher than that of nor-
mal liver and colorectum tissues (Figure 7C). 
Moreover, the fluorescence intensity reached 
its maximum after injection 3 h, and then grad-
ually decreased. In Figures 6B, 7B and S6B, 
ACPP-Cy5 is mainly accumulated in tumors, 
liver metastasis and kidneys. Then, the target 
region was quantified for fluorescence intensity 
(Figures 6C, 7C and S6C), the results further 
confirmed that ACPP-Cy5 majority accumulates 
in the tumor, liver metastasis and kidney. These 
results indicate that ACPP-Cy5 can target and 
accurately identify the sites of colorectal 
cancer.

As shown in Figures 6C and S6C, the fluores-
cence intensity of colorectum, liver, kidney, 
spleen, lung, and heart, and the objective 
region of tumor tissue were significantly 
reduced after injection 72 h (P < 0.01). This 
may indicate that ACPP-Cy5 is gradually being 
cleared from the body through kidney. The ideal 
ACPP should be non-toxic or extremely low toxic 
to cells. As shown in Figures 2 and 5, there is 

Figure 6. Fluorescent imaging in mice. A. Fluorescent imaging in vivo after injection of ACPP-Cy5 at 0, 3, 6, 24, 48 
and 72 h. B. Fluorescent imaging in tumor, colorectum, liver, kidney, lung, spleen and heart after vivo imaging. C. 
Fluorescence intensity of tumor, colorectum, liver, kidney, heart, and lung at 0, 3, 6, 24, 48 and 72 h after ACPP-Cy5 
injection.
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no obvious morphological changes in normal 
cells after culture with ACPPs and the cell via-
bility was unaffected by the different concen-
tration of ACPP-Cy5, which means that ACPPs 
are extremely low toxic. 

Based on our study, there is great promise in 
the use of ACPP-Cy5 to accurately localize and 
visualize tumor sites during an operation to 
guide the complete excision of lesions. We 
envisage that this study can be further devel-

Figure 7. Fluorescent imaging and histopathological section of colorectum and liver. A. Fluorescent imaging in col-
orectum and liver. B. Histopathological section of colorectum and liver. C. Fluorescence intensity of colorectal can-
cer, normal colorectum, liver metastasis and normal liver. Notes: Compared with the normal liver or colorectum 
tissues: *P < 0.05, **P < 0.01, and ***P < 0.001.
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oped clinically which will be of benefit to the 
surgeons and more importantly to the colorec-
tal cancer patients. 
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Figure S1. The high performance liquid chromatography of ACPP-Cy5.

Figure S2. The mass spectrogram of ACPP-Cy5.

Table S1. High performance liquid chromatography of ACPP-Cy5
1 10.589 BP 1.860 0.090 11.138 0.287
2 10.843 VV 2.029 0.116 14.619 0.377
3 11.192 VV 1.676 0.336 46.624 1.202
4 11.764 VF 141.218 0.408 3741.922 96.478
5 12.340 VV 4.711 0.111 31.480 0.812
6 12.630 VV 1.473 0.083 8.959 0.231
7 12.839 VV 1.212 0.062 4.951 0.128
8 12.957 VV 1.487 0.127 14.304 0.369
9 13.217 VBA 0.638 0.097 4.516 0.116
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Figure S3. The subcutaneous tumor and orthotopic colorectal cancer and liver metastasis model. (A) The nude mice 
with subcutaneous tumor. (B) The size of the cancer after ? days. (C) The H&E staining result of the subcutaneous 
tumor. (E) The cecum of an anesthetized mouse where the colorectal cancer cells were injected with a 100 µL 
micro-syringe (D).

Figure S4. The images of nude mice with subcutaneous tumor at 0, 3, 6, 24, 48 and 72 h after ACPP-Cy5 injection.

Figure S5. The confocal microscopy images of the cell lines incubated with ACPP-Cy5 for 1 h. Red is the symbol of 
Cy5. Blue expresses the Hoechst 33258 for stained nuclei. Scale bar = 50 µm.
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Figure S6. Background fluorescence of ACCP-Cy5 in normal mice. A. In vivo fluorescent imaging of normal non tumor 
mice at 0, 3, 6, 24, 48 and 72 h after ACPP-Cy5 injection. B. Fluorescent imaging in colorectum, liver, kidney, lung, 
spleen and heart after in vivo imaging. C. Fluorescence intensity of colorectum, liver, kidney, heart and lung at 0, 3, 
6, 24, 48 and 72 h after ACPP-Cy5 injection.


