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Abstract

We are investigating an imaging agent that enables real-time and accurate diagnosis of early 

colorectal cancer at the intestinal mucosa by colonoscopy. The imaging agent is peanut agglutinin-

immobilized polystyrene nanospheres with surface poly(N-vinylacetamide) chains encapsulating 

coumarin 6. Intracolonically-administered lectin-immobilized fluorescent nanospheres detect 

tumor-derived changes through molecular recognition of lectin for the terminal sugar of cancer-

specific antigens on the mucosal surface. The focus of this study was to evaluate imaging abilities 

of the nanospheres in animal models that reflect clinical environments. We previously developed 

an orthotopic mouse model with human colorectal tumors growing on the mucosa of the 

descending colon to more resemble the clinical disease. The entire colon of the mice in the 

exposed abdomen was monitored in real-time with an in vivo imaging apparatus. Fluorescence 

from the nanospheres was observed along the entire descending colon after intracolonical 

administration of them from the anus. When the luminal side of the colon was washed with PBS, 

most of the nanospheres drained away. However, fluorescence persisted in areas where the cancer 

cells were implanted. Histological evaluation demonstrated that tumors were present in the 

mucosal epithelia where the nanospheres fluoresced. In contrast, no fluorescence was observed 

when control mice without tumors were tested. The lectin-immobilized fluorescent nanospheres 

were tumor specific and bound to tumors even after vigorously washing. The nanospheres non-

specifically bound to normal mucosa were easily removed through mild washing. Results indicate 
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that the nanospheres accompanied by colonoscopy will be a clinically-valuable diagnostic tool for 

the early stage primary colon carcinoma.
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1. Introduction

Colonoscopy has been effectively used for screening colorectal cancer due to its ability to 

provide a definitive diagnosis [1–3]. Just like any other cancers, the early detection of 

colorectal cancer is critical for successful treatment. Colorectal cancer initially develops in 

the mucous membrane of the large intestine. The cancer, which remains in the mucous 

membrane or only minimally invades the submucosal tissues without vessel invasion, is 

often removed through the colonoscopy procedure. Alternatively, when the cancer is 

detected in the early stage, it can be treated by minimally invasive operation, known as 

endoscopic mucosal resection (EMR) [4].

Magnifying endoscopy and novel imaging strategies for endoscopy such as narrow band 

imaging enabled physicians to detect small changes on the mucosal surface of the large 

intestine [5]. Most colorectal cancer can be prevented through the detection and removal of 

premalignant polypoid lesions [6]. However, the efficacy of current endoscopic screening, 

which is based on morphological changes through a macroscopic view of the mucosal 

surface, is limited due to lack of diagnosis at the molecular level. Conventional endoscopy is 

not generally suitable for flat and depressed neoplasms [7]. Patients with chronic 

inflammatory bowel disease face with increased risk of developing malignancy due to 

undetected dysplastic lesions [8]. There is an unmet need for improved methods for 

detecting early changes in high-risk individuals. Hsiung et al. who identified heptapeptide 

sequence with high affinity for fresh human colonic adenomas have been investigating the 

heptapeptide sequence-conjugated fluorescent probes accompanied by colonoscopy for the 

above-mentioned purpose [9]. Furthermore, accurate differentiation of neoplastic mucosal 

changes in real-time still remains a significant challenge. Tissues that look like abnormal are 

sampled under endoscopic observation. Successive histological evaluation of the samples is 

prerequisite for the definitive diagnosis of the cancer. There is also a need for developing a 

colonoscopic imaging agent that enables physicians to diagnose early stage primary colon 

carcinoma on the mucosal surface in real-time and enforce EMR simultaneously. The 

imaging agent definitely becomes a useful diagnostic tool for tiny tumors that are currently 

undetectable or difficult to detect under endoscopic observation.

We previously designed a non-absorbable imaging agent capable of being administered 

intracolonically for the purpose of colonoscopy [10–16]. The imaging agent consists of 

peanut (Arachis hypogaea) agglutinin (PNA)-immobilized polystyrene nanospheres with 

surface poly(N-vinylacetamide) (PNVA) chains encapsulating coumarin 6 (Fig. 1). The 

Thomsen-Friedenreich (TF) antigen is specifically expressed on the mucosal side of 

colorectal cancer cells [17–21]. The antigen is also a malignancy index of colorectal cancer 
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[22]. PNA is immobilized on the nanosphere surface as a targeting moiety that binds to the 

TF antigen through molecular recognition of its terminal sugar: β-D-galactosyl-(1-3)-N-

acetyl-D-galactosamine (Gal-β(1-3)GalNAc) [23], which is masked by oligosaccharide side 

chain extension or by sialylation in normal cells. We previously observed that PNVA rarely 

adhered to the intestinal mucosa due to its strong hydrophilicity [24–25]. This polymer chain 

is localized on the nanosphere surface to enhance the specificity of PNA by reducing 

nonspecific interactions between the nanospheres and normal tissues. Coumarin 6 is 

encapsulated into the nanosphere core as the fluorescent dye that produces an 

endoscopically-detectable fluorescence intensity.

We have successfully demonstrated that the PNA-immobilized fluorescent nanospheres (the 

colonoscopic imaging agent) recognized millimeter-sized colorectal tumors on the mucosal 

surface with high affinity and specificity in intestinal loop studies using human colorectal 

cancer orthotopic mouse models [11–12]. As expected, PNA and PNVA were necessary for 

specifically recognizing tumor tissues and preventing the nanospheres from interacting with 

normal tissues, respectively [15]. The nanosphere was a safe compound which remained 

locally on the luminal side of the large intestine. PNA immobilized on the nanosphere 

surface was stable in the intestinal lumen [13]. Furthermore, the nanospheres detected 

dynamic changes of the TF antigen in human colonic tissues from patients with colorectal 

tumors. However, theydid not bind to human colonic tissues from normal controls [16]. 

These data strongly supported the potential use of the PNA-immobilized fluorescent 

nanospheres for imaging the TF antigen as a biomarker for the early detection and prediction 

of the progression of colorectal cancer at the molecular level.

Our next target is to initiate clinical trials of the PNA-immobilized fluorescent nanospheres. 

Several issues must be still resolved for the initiation. The good manufacturing practice 

(GMP)-guided productivity is currently being evaluated. Toxicity studies are being 

conducted under a cooperation of contract laboratories having facilities that meet the good 

laboratory practice (GLP) specifications. We should also study imaging abilities of the 

PNA-immobilized fluorescent nanospheres in animal models that reflect the clinical disease. 

The study, which corresponds to pharmacological effects designated in the regulation, is 

required for predicting the clinical dose. However, it seems that the intestinal loop method 

used in our previous researches is not a suitable manner for the requirement. Here, we 

developed a mouse model which more resembled the clinical disease and subsequently 

evaluated the abilities of the PNA-immobilized fluorescent nanospheresto facilitate in vivo 

imaging of colorectal tumors using the model.

2. Results and discussion

2. 1. Characterization of nanospheres

A schematic representation of the PNA-immobilized fluorescent nanospheres is shown in 

Fig. 1. Coumarin 6 was encapsulated physicochemically into the polystyrene core of 

nanospheres with surface chains of PNVA and PMAA through their hydrophobic 

physicochemical interactions. PNA was anchored chemically to the polymeric platform 

(fluorescent nanospheres with surface chains of PNVA and PMAA) via the PMAA linker 

located on the nanosphere surface. Table 1 summarizes the characterization of PNA-
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immobilized and lectin-free fluorescent nanospheres. Their physicochemical properties and 

the effects of various factors, such as the molecular weights of surface polymeric chains, on 

these properties have been thoroughly evaluated in our previous publication [10–11, 14].

2. 2. Human colorectal cancer orthotopic animal model

The PNA-immobilized fluorescent nanospheres were designed to recognize primary colon 

carcinoma-derived changes on the mucosal surface. Therefore, we needed an orthotopic 

animal model in which human colorectal cancer are exposed on the mucosal side of the large 

intestine. There are 2 types of human colorectal cancer orthotopic mouse models: (i) the 

implantation of cultured humancolorectal cancer cells in the large intestine [26];(ii) the 

implantation of fragments of tumor tissues in the large intestine [27]. However, neither of 

the models is satisfied with our requirements because cancer cells and tumor tissues are 

implanted on the serosal side of the intestine.

Since the mouse cecum is large and is not rigidly fixed in the abdomen, the implantation is 

easier compared to other segments of the large intestine. In our past studies [11–12], we 

have developed orthotopic mouse models bearing human colorectal tumors at the cecal 

mucosa and evaluated tumor recognition of the PNA-immobilized fluorescent nanospheres 

using the models. The model was based on the mucosal invasion of cancer cells and tumor 

tissues implanted on the serosal side of the cecum of nude and severe combined 

immunodeficiency (SCID) mice. HT-29, HCT-116, and LS174T cells were used as the TF 

antigen-expressing human colorectal cancer cells. The HT-29 and HCT-116 cells in which 

red fluorescent protein (RFP) gene was transduced (HT-29-RFPand HCT-116-RFP) were 

used to prepare tumor tissues. We have previously reported that these cancer cells and tumor 

tissues definitely invaded the mucosal side when the mice were maintained for several 

weeks after implantation although there was a difference in the period that was required for 

the mucosal invasion between experiments [11–12].

On the other hand, the cancer rarely develops in the cecal mucosa. In this study, an 

orthotopic nude mouse model bearing human colorectal tumors on the mucosa of the 

descending colon, which is one of frequent sites of this tumor, was newly developed. After 

HT-29 and HT-29-RFP cells were implanted on the serosal side of the descending colon of 

nude mice, the mice were maintained until the implanted cancer cells invaded the mucosal 

side. As shown in Table 2, the period that was required for the mucosal invasion was 4 

weeks, regardless of RFP gene transduction. It was similar to the periods observed in our 

other orthotopic mouse models bearing human colorectal tumors at the cecal mucosa [11–

12]. Using our new orthotopic mouse model, we subsequently evaluated abilities of the 

PNA-immobilized fluorescent nanospheres to facilitate in vivo imaging of colorectal tumors.

2. 3. In vivo imaging of colorectal tumors with the PNA-immobilized fluorescent 
nanospheres

We have previously proved the high affinity and specificity of the PNA-immobilized 

fluorescent nanospheres for colorectal tumors expressed at the cecal mucosa using the 

intestinal loop method. However, the intestinal loop method may overestimate the imaging 

efficacy of the nanospheres when compared with endoscopic observation in the clinic, 
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because the experimental conditions of the loop method are static and mild [11–12, 15]. In 

the present study, in order to more resemble the clinical situation, the dispersion of the PNA-

immobilized fluorescent nanospheres was administered into the colonic lumen from the anus 

of the nude mice with human colorectal tumors at the mucosa of the descending colon. After 

the mice were maintained for a period, nanospheres that had not interacted with the 

colorectal tissues were drained from the lumen by injecting PBS into the colon. During the 

experiment, the entire colon was monitored in real-time using the in vivo imaging apparatus 

to demonstrate specific fluorescence of the colorectal tumor after the nanospheres were 

flushed. Our expectation is illustrated in Fig. 1. The PNA-immobilized fluorescent 

nanosphere-derived yellowish-green fluorescence will be observed along the descending 

colon after intracolonical administration (Fig. 1a). When PBS is injected into the intestinal 

lumen, most of nanospheres will drain away; however, yellowish-green fluorescence of 

nanospheres that bind to colorectal tumors will be observed. If the HT-29-RFP cells 

implantation model is tested, the nanospheres-derived yellowish-green fluorescence will 

overlap withthe HT-29-RFP cell-derived red fluorescence (Fig. 1b).

The intestinal loop study, which was previously performed to evaluate the tumor recognition 

of PNA-immobilized fluorescent nanospheres [12], revealed that the nanospheres detected 

colorectal tumors on the cecal mucosa within 1 min. The short time is indeed patient-

friendly in the clinical site. The present study also gave similar results. We first evaluated 

nonspecific interactions using nude mice without tumors. As shown in Fig. 2 (a-1), the 

yellowish-green fluorescence of the PNA-immobilized fluorescent nanospheres was 

observed along the entire descending colon after the luminal side had been filled with the 

nanospheres. At 1 min following the intracolonical administration, 1 mL PBS was injected 

into the intestinal lumen at a rate of 0.1 mL/sec. As shown in Fig. 2 (b-1), no fluorescence 

was observed after washing the luminal side of the descending colon with PBS. This 

demonstrated that the fluorescent nanospheres were completely removed from the intestinal 

lumen even when mild washing processes were applied. A similar result was obtained when 

nude mice without tumors were maintained for 10 min following the intracolonical 

administration of the PNA-immobilized fluorescent nanospheres (data not shown). This 

indicated that the non-specific interactions were too weak to allow the imaging agent to 

remain on the normal colonic mucosa during the washing processes.

We next evaluated biorecognition of the PNA-immobilized fluorescent nanospheres using 

the orthotopic nude mice implanted with HT-29 cells. Yellowish-green fluorescence was 

observed along the entire descending colon after the luminal side had been filled with the 

nanospheres (Fig. 3a). The nanospheres were vigorously flushed with PBS. Most of the 

nanospheres were drained from the intestinal lumen. However, fluorescence was observed at 

the implantation site of cancer cells (Fig. 3b). As shown in Table 3 and Fig. 4a, histological 

evaluation demonstrated that colorectal cancer cells were present in the mucosal epithelia 

where the nanospheres fluoresced. The same test was performed for mice implanted with 

HT-29-RFPcells. As we expected (Fig. 1), the green fluorescence of the nanospheres 

overlapped with the HT-29-REP red fluorescence (Fig. 5). Histological evaluation also 

demonstrated that there was mucosal invasion of cancer cells at the site where the 

nanospheres’ green fluorescence and HT-29-RFP red fluorescence co-localized (Table 3 and 
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Fig. 4b). We further evaluated behaviors of lectin-free fluorescent nanospheres with surface 

chains of PNVAin the large intestine of nude mice with orthotopic implantation of HT-29 

cells. As shown in Fig. 6, the nanospheres without targeting moieties were completely 

removed from the intestine of the mouse bearing colorectal tumors through mild washing 

processes. No fluorescence was also observed at the normal mucosa that was far from the 

site in which cancer cells were implanted. The results were consistent with data obtained 

when interactions between lectin-free fluorescent nanospheres and colorectal tumors at the 

cecal mucosa were previously evaluated using the intestinal loop method [15].

We are currently planning to do in vivo endoscopic studies for small animals that pattern 

after clinical procedures. The study will be performed using a new animal model which we 

are currently making an effort to develop. In this model, the TF antigen-expressing cultured 

human colorectal cancer cells are implanted on the mucosal side of the descending colon in 

immunodeficiency small animals such as nude mice or nude rats. We are confident that this 

model is the most appropriate one for the evaluation of the PNA-immobilized fluorescent 

nanospheres because it clearly possesses the target antigen of the nanospheres and most 

closely imitate the development of colorectal tumors in humans. An objective of the in vivo 

endoscopic studies for which animal sacrifice will not be required is to make the dose 

dependency of the nanospheres clear. When the nanospheres are clinically used, they will be 

sprayed on the intestinal mucosa and maintained for a period that is required for 

biorecognition of the nanospheres for colorectal tumors. Nanospheres that do not interact 

with colorectal tumors will be subsequently washed out with adequate solvent under 

designated conditions. The nanospheres-bound colorectal tumors on the mucosal surface 

will be directly detected from the luminal side with a fluorescent endoscope. Using the 

mouse model developed here, the dose dependency was preliminary evaluated through 

observation of the nanospheres-bound colorectal tumors from the serosal side of the 

intestine. As shown in Fig. 7, fluorescent intensity of tumors recognized by the nanospheres 

decreased with the dose reduction. However, the fluorescence was detected from the serosal 

side by extending the exposure time even when the dose was set to 5 mg/mL. It is 

anticipated that a less amount of the nanospheres is sufficient for the tumor detection by the 

fluorescent endooscope because the nanospheres-bound tumors are observed directly from 

the mucosal side. Details in the dose dependency of the PNA-immobilized fluorescent 

nanospheres will be discussed in a future report.

3. Conclusions

This report indicated three important properties of the PNA-immobilized fluorescent 

nanospheres for clinical application: (i) The nanospheres that interact non-specifically with 

normal mucosa are easily removed through mild washing processes; (ii) The nanospheres 

recognize colorectal tumors within a short time; (iii) The nanospheres bind the tumors 

tightly even under severe washing conditions.
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4. Experimental

4. 1. Materials

N-Vinylacetamide (NVA) monomers were from Showa Denko Co. (Tokyo, Japan). 

Coumarin 6 and PNA were obtained from Sigma-Aldrich (St. Louis, MO, USA). All other 

chemicals were commercial products of reagent grade.

The human colorectal adenocarcinoma cell line, HT-29, was purchased from Dainippon-

Sumitomo Pharma Biomedical Co. Ltd. (Osaka, Japan). The HT-29 cell line in which red 

fluorescent protein (RFP) gene was transduced, HT-29-RFP, was purchased from 

AntiCancer Japan Inc. (Osaka, Japan). McCoy’s 5A Medium, Modified (with sodium 

bicarbonate, without L-glutamine), RPMI-1640 Medium, Dulbecco’s Phosphate Buffered 

Saline (PBS with CaCl2 and MgCl2), and Dulbecco’s Phosphate Buffered Saline, Modified 

(PBS without divalent metal ions) were obtained from Sigma-Aldrich. Fetal bovine serum 

(FBS), penicillin (10,000 U/mL), streptomycin (10 mg/mL), L-glutamine (200 mM), and 

trypsin-EDTA (0.25% trypsin and 1 mM EDTA) were purchased from GIBCO Laboratories 

(Lenexa, KS, USA). Preserved rabbit blood and neuraminidase (sialidase, 1 unit/mL, 

extracted from Arthrobacter ureafaciens) were obtained from Nippon Bio-Test Laboratories 

Inc. (Tokyo, Japan) and Roche Diagnostics (Indianapolis, IN, USA), respectively.

4. 2. Preparation and characterization of nanospheres

A couple of of lectin-free nanospheres were prepared in the same manner as described 

previously [10–11]. Briefly, PNVA and poly(tert-butyl methacrylate) (PBMA) were 

prepared by the free radical polymerization of NVA and butyl methacrylate (BMA) 

monomers, respectively, in the presence of 2-mercaptoethanol. The resulting hydroxyl 

group-terminated PNVA and PBMA were reacted with p-chloromethyl styrene. Vinylbenzyl 

group-terminated poly(methacrylic acid) (PMAA) was obtained by hydrolyzing vinylbenzyl 

group-terminated PBMA in the presence of hydroquinone. Fluorescent nanospheres with 

surface chains of PNVA and PMAA (a precursor of the PNA-immobilized fluorescent 

nanospheres) were prepared by dispersion copolymerization between vinylbenzyl group-

terminated PNVA, vinylbenzyl group-terminated PMAA, and styrene at a weight ratio of 

1:1:2 in an ethanol/water mixture containing 2, 2'-azobisisobutyronitrile and coumarin 6 

(0.1% of the total monomers). Vinylbenzyl group-terminated PNVA was copolymerized 

with styrene at a weight ratio of 1:1 to obtain other lectin-free fluorescent nanospheres with 

surface chains of PNVA. After the unreacted substances and unencapsulated coumarin 6 

were removed by centrifugation, lectin-free nanospheres were dispersed in purified water at 

a concentration of 20 mg/mL. PNA was subsequently immobilized on the surface of 

fluorescent nanospheres with surface chains of PNVA and PMAA through the coupling of 

the amino groups of PNA with the carboxyl groups of PMAA activated by pre-incubation 

with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. The resulting PNA-immobilized 

fluorescent nanospheres with surface PNVA chains (i.e., the PNA-immobilized fluorescent 

nanospheres) were purified through dialysis, and then dispersed in purified water at a 

concentration of 20 mg/mL.
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Routine characterization of nanospheres was performed as described previously [10–11]. 

Briefly, weight- and number-average molecular weights (Mw and Mn) of PNVA and PMAA 

were determined by gel permeation chromatography. The size (weight-average diameter) of 

nanospheres was measured by dynamic light-scattering spectrophotometry. The zeta 

potential of nanospheres was measured by electrophoretic light-scattering 

spectrophotometry. The amount of coumarin 6 encapsulated into the nanosphere core was 

measured by spectrophotometry. The amount of PNA immobilized on the nanosphere 

surface was measured by the ninhydrin method. The affinity and specificity of immobilized 

PNA for recognition of Gal-β(1-3)GalNAc were evaluated using the hemagglutinationtest.

4. 3. Cell culture

HT-29 cells were seeded at a density of 6 × 104 cells/mL in a flask with a surface area of 75 

or 150 cm2. McCoy’s 5A Medium, Modified supplemented with 10% (v/v) FBS, 50 U/mL 

penicillin, 50 μg/mL streptomycin, and 1.5 mM L-glutamine was used as a culture medium 

(25–75 mL). The cells were grown as a monolayer in the media and were maintained at 

37°C in a humidified atmosphere of 95% O2/5% CO2. Cells were then routinely passaged 

when they became 100% confluent, and the low passage cells (passage: ≤10 times) were 

used. HT-29-RFP cells were cultured by procedure as described above, except that RPMI 

1640 Medium, supplemented with 10% FBS (v/v) and 1.5mM L-glutamine was used as a 

culture medium.

4. 4.In vivo imaging study

4. 4. 1. Human colorectal cancer orthotopic mouse model—Animal studies were 

approved by the Ethical Review Committee of Setsunan University. All surgical procedures 

and animal manipulations were conducted under HEPA-filtered laminar-flow hoods.

Cultured cancer cells (HT-29 and HT-29-RFP) were washed with 20 mL of PBS (without 

divalent metal ions) after the removal of the culture media. PBS was removed, and the cells 

were treated at 37°C for 3 min with 2 mL of trypsin-EDTA solution. A corresponding 

culture medium (10 mL) was added to remove the cells from the flask. The collected cells 

were centrifuged at 180 g for 10 min, and the precipitated cells were suspended in PBS (with 

divalent metal ions) at a concentration of 1 × 106 cells/0.01 mL.

Nude mice (6-week-old outbred nu/nu female mice) were anesthetized with sodium 

pentobarbital. The surgical area was sterilized using ethanol (70%, v/v) and an incision 

approximately 1.5 cm long was made along the left lateral abdomen of the mouse using a 

pair of sterile scissors. After the abdomen was opened, the descending colon was exposed. 

The cell suspension (1 × 106 cells/0.01 mL) was injected into the colonic serosa of the 

mouse. The abdomen was then closed. Nude mice bearing colorectal tumors in the 

descending colon were maintained for a predetermined period until implanted cancer cells 

invaded the mucosal side of epithelial cells.

4. 4. 2. In vivo imaging of colorectal tumors—Nude mice bearing descending colon 

tumors were fasted for 24 h with free access to water before imaging experiments. Under 

pentobarbital anesthesia, the abdomen was opened and the entire colon was observed. The 
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PNA-immobilized fluorescent nanospheres and the lectin-free fluorescent nanospheres with 

surface chains of PNVA were dispersed in PBS (with divalent ions) at a concentration of 5–

20 mg/mL and 20 mg/mL, respectively. The nanosphere dispersion was filled into a plastic 

feeding needle-attached syringe. The needle, whose tip was coated with rubber, was inserted 

into the anus of the mouse, and then 0.1 mL of the dispersion was administered 

intracolonically within ca. 1 sec. The luminal side of the descending colon including the area 

in which cancer cells were implanted was filled with the nanospheres. At 1–10 min after 

administration, an incision approximately 0.1 cm long was made at the transverse colon. The 

plastic feeding needle was inserted into the colon through the incision and ligated at the site. 

PBS (with divalent metal ions)-filled syringe was attached to the needle and PBS was 

injected into the colon. The volume of PBS and the injection rate was set to 1–5 mL and 

0.1–1 mL/sec, respectively. During the experiment, the opened abdomen was monitored 

using an apparatus that can capture both brightfield and fluorescence images in real time 

(FluorVivo 300, INDEC BioSystems, Santa Clara, CA, USA). The excitation and emission 

wavelengths were set to 450–490 nm and > 510 nm, respectively. The detection was 

performed at an exposure of 1/20–1/5 of a second. The excitation and emission wavelengths 

were set to 500–540 nm and >570 nm, respectively, when HT-29-RFP-derived red 

fluorescencewas detected.

As a control, normal nude mice that did not undergo cancer cell implantation were tested in 

the same manner as described above.

4. 5. Histological Evaluation

The descending colon with the colorectal tumor was removed, divided into several pieces 

(less than 1 cm length), and fixed with a formaldehyde aqueous solution (10%, v/v). The 

tissue was sectioned at 3 μm-thickness at 200–300 μm intervals. The presence and absence 

of tumors on the mucosa was evaluated histologically using 3 slices that corresponded to 

positions at which the piece was divided equally in four parts.
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Fig 1. 
Schematic representation of the experimental conditions for the in vivo imaging performed 

in this study.
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Fig 2. 
Fluorescence images of the opened abdomen in the normal nude mouse. The PNA-

immobilized fluorescent nanosphere dispersion (0.1 mL, 20 mg/mL) was intracolonically 

administered from the anus. One min after administration, the intestinal lumen was washed 

with 1 mL PBS (a small amount of PBS) at a rate of 0.1 mL/sec (a slow rate of PBS 

injection). Images a-1 and b-1 show fluorescence images of the opened abdomen before and 

after PBS washing, respectively (magnification: ×18; excitation: 450–490 nm; emission: > 

510 nm; exposure: 1/20 second). Brightfield images (a-2 and b-2) were also obtained at the 

same site as the fluorescence images (magnification: ×18).
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Fig 3. 
Fluorescence images of the opened abdomen in the orthotopic HT-29 cell-implanted nude 

mouse that was maintained for > 4 weeks after cancer cells were implanted on the serosal 

side of the descending colon. The PNA-immobilized fluorescent nanosphere dispersion (0.1 

mL, 20 mg/mL) was intracolonically administered from the anus. One min after 

administration, the intestinal lumen was washed with 5 mL PBS (a large amount of PBS) at 

a rate of 1 mL/sec (a fast rate of PBS injection). Images a and b show fluorescence images 

of the opened abdomen before and after PBS washing, respectively (magnification: ×18; 

excitation: 450–490 nm; emission: > 510 nm; exposure: 1/20 second).
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Fig 4. 
Histological images of tissue pieces with the imaging agent-derived fluorescence exicised 

from the descending colon of cancer cell-implanted nude mice treated with the imaging 

agent (magnification: ×100). Images a and b corresponds to a sample of HT-29 cells-

implanted descending colon (slice position: 2000 &m, Table 3) and a sample of HT-29-RFP 

cells-implanted descending colon (slice position: 5000 &m, Table 3), respectively.
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Fig 5. 
Fluorescence images of the opened abdomen in the orthotopic HT-29-RFP cell-implanted 

nude mouse that was maintained for > 4 weeks after cancer cells were implanted on the 

serosal side of the descending colon. The PNA-immobilized fluorescent nanosphere 

dispersion (0.1 mL, 20 mg/mL) was intracolonically administered from the anus. One min 

after administration, the intestinal lumen was washed with 5 mL PBS at a rate of 1 mL/sec. 

Red fluorescence image of the HT-29-RFP cells-derived tumors (magnification: ×40; 

excitation: 500–540 nm; emission: > 570 nm; exposure: 1/20 second) was captured at the 

same position where yellowish green fluorescence image of the nanospheres (magnification: 

×40; excitation: 450–490 nm; emission: > 510 nm; exposure: 1/20 second) was taken. Both 

images were overlapped.
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Fig 6. 
Fluorescence images of the opened abdomen in the orthotopic HT-29 cell-implanted nude 

mouse that was maintained for > 4 weeks after cancer cells were implanted on the serosal 

side of the descending colon. The dispersion of lectin-free fluorescent nanospheres with 

surface chains of PNVA (0.1 mL, 20 mg/mL) was intracolonically administered from the 

anus. One min after administration, the intestinal lumen was washed with 1 mL PBS at a 

rate of 0.1 mL/sec. Images a and b show fluorescence images of the opened abdomen before 

and after PBS washing, respectively (magnification: ×18; excitation: 450–490 nm; emission: 

> 510 nm; exposure: 1/20 second).
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Fig 7. 
Fluorescence images of the opened abdomen in the orthotopic HT-29 cell-implanted nude 

mice that were maintained for > 4 weeks after cancer cells were implanted on the serosal 

side of the descending colon (magnification: ×18; excitation: 450–490 nm; emission: > 510 

nm; exposure: 1/20-1/5 second). The PNAimmobilized fluorescent nanosphere dispersion 

(0.1 mL) with a concentration of 5 mg/mL (x), 10 mg/Ml (y), amd 20 mg/mL (z) was 

intracolonically administered from the anus. One min after administration, the intestinal 

lumen was washed with 5 mL PBS at a rate of 1 mL/sec.
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