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Abstract 

 

Study on Nano-probe System for  

Image-guided Digestive Cancer Surgery 

 

Seung Ho Lim 

School of Chemical and Biological Engineering 

The Graduate School 

Seoul National University 

 

Endoscopy for cancer screening and surgery is widely used, and many 

endoscopic manners have been developed. However, it is still difficult to 

distinguish between small polyps and normal lesions using conventional 

endoscopy. To overcome this limitation, we developed fluorescence nano-

probes that can be rapidly absorbed into abnormal polyps and tumors via local 

spraying. The fluorescence nano-probes absorbed into tumor can be 

discriminated from normal lesions by endoscopy. We designed two types of 

nano-probe and analyzed each characteristics. First type is ‘conjugate type’ 

which is chemically conjugated raloxifene with FCR675 fluorescence dye 

(Ralo-FCR675). Second type, based on Pluronic nanoparticles (NPs) loading 

curcumin, is ‘nanoparticles type’. Two types of nano-probes separately sprayed 
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on the colon cancer tissues of colon tumor bearing mice, showed that can be 

rapidly absorbed into tumor tissues in 60 sec and accurately distinguished 

between tumor lesions and normal lesions. Moreover, small polyps and tumors 

which are scarcely visible to the naked eye were detected by nano-probes using 

molecular imaging system. This rapid and accurate fluorescence nano-probes 

could serve as image-guided surgery probes for detecting tumors including 

small polyps with endoscopy screening and surgery. 

 

Keywords: nano-probe, image-guided surgery, endoscopy, digestive cancer, 

colon cancer 
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1. Introduction 

 

Over the past decades, endoscopic examination for gastric cancer screening 

and surgery is widely used. The detection and removal of neoplastic polyps 

with endoscopy, have been reported to decrease the morbidity and incidence of 

gastric cancers because polyps have the potential to progress to advanced 

adenomas and adenocarcinomas [1-4]. In this respect, to distinguish neoplastic 

polyps is important because of their relationship with cancer. Various studies 

have been reported on the screening and surgical abilities of conventional 

endoscopy and chromoendoscopy [5]. However, detecting early tumor and 

neoplastic polyps had limits to distinguish from normal lesions. Some polypoid 

lesions are easy to find by endoscopy, but the rate of detection of flat or 

depressed lesions like subepitherial lesions is still low [6, 7]. Moreover, the 

surgical removal is practiced in adequate margins including tumor lesions. If 

the localization of tumors was unclear between normal lesions, it requires to 

undergo resection extensively despite principal structures like nerves and blood 

vessels in adjacent normal lesions [8]. To overcome these limitations, it is 

necessary to acquire accurate and rapid preoperative endoscopic imaging for 

delineating the margins of a tumor mass for tumor resection and appropriate 

biopsy. 
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In previous report, we developed tissue-permeable nano-probe, raloxifene 

conjugated with FCR675 (Ralo-FCR675), for distinguishing of liver tumor 

lesions from normal lesions [9]. It based on the extent of volume of distribution 

(Vd) which correlated with the amount of drug distribution through the body 

and the drug had high Vd could be permeable into tissues [10, 11]. Heldin et al. 

reported the tumor tissues has several structural differences like Extra Cellular 

Matrix (ECM) from normal tissues [12]. On the basis of backgrounds, we have 

shown that the tissue permeable nano-probe have ability to distinguish liver 

tumor tissues and normal tissues at different absorption rates from dissimilar 

tissue structures [9]. 

Recently, previous reports have shown that loss of tight junction in various 

cancer and abnormal cells compared with normal cells [13-15]. The tight 

junction as a physical barrier of paracellular pathway, loses of it could be 

enhancing of drug absorption to intestinal tissues [16]. In addition, using 

nanoparticles (NPs) for drug delivery via the paracellular pathway is suggesting 

it could be more NPs absorbed into tumor tissue compared with adjacent normal 

tissue [17, 18]. 

Herein, It was hypothesized that nano-probe can be absorbed more deeply 

into tumor compared with normal lesions due to various structural differences 

from normal tissues via local spraying [12, 16]. We developed two types of 
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nano-probe for distinguish between tumor and normal lesions in digestive 

organs. First type is ‘conjugate type’ which is tissue permeable drug, raloxifene, 

conjugated with FCR675 (Ralo-FCR675). FCR675 is a fluorescence dye for 

near-infrared fluorescence (NIRF) probe using for molecular imaging. Second 

type is ‘nanoparticles type’ which could be absorbed into tumor through 

compromised tight junction. The ‘nanoparticles type’ is based on Pluronic F-68 

nanoparticle including curcumin as NIRF probe [19]. Two types of nano-probes 

were investigated via spraying on excised colon of colon tumor bearing mice. 

We expected that the local application via spraying of the nano-probes could be 

accurately distinguished neoplastic polyps from normal lesions and rapid 

method compared with systemic application. 
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2. Experimental section 

 

2.1 Materials 

 

Raloxifene hydrochloride, Curcumin, Tween 80 (polyoxyethlyene sorbitan 

monooleate), azoxymethane, Pluronic F-68 (Polyethylene oxide-polypropylene 

oxide tri-block copolymer), thiazolyl blue tetrazolium bromide (MTT) and 

soybean oil were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Dextran sodium sulfate (molecular weight 36,000-50,000) was purchased from 

MP biomedicals (Aurora, OH, USA). ICR mice (aged 5weeks, 24-26 g, male) 

were purchased form Orient Bio Inc (Gyeonggi-do, Republic of Korea). 

Dulbecco’s Modified Eagle’s Medium (DMEM), Roswell Park Memorial 

Institute 1640 medium (RPMI 1640) and fetal bovine serum (FBS) were 

purchased from WelGENE Inc (Daegu, Republic of Korea). FCR675 dye was 

purchased from Bioacts (Incheon, Republic of Korea). 
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2.2 Preparation of the Conjugate and NPs 

 

To synthesize the Raloxifene-FCR675 (Ralo-FCR675) conjugate, 

raloxifene hydrochloride (1.0 mmol) was mixed with a 1:9 (v/v) trimethylamine 

(TEA)/ dimethylformamide (DMF) at 36℃ for 20 min for desalting. FCR675 

carboxylic acid (2.0 mmol) was mixed with N,N’-dimethylaminopyridine 

(DIPEA; 4.0 mmol) and Diisopropylcarbodiimide (DIC; 1.0 mmol) in DMF. 

Desalted raloxifene mixture was added to FCR675 mixture with stirring at 

room temperature for 6 h. The Ralo-FCR675 conjugate was purified by high-

performance liquid chromatography (HPLC) followed by lyophilization. To 

evaluate the characteristics and ex vivo test, Ralo-FCR675 dissolved in DMSO 

and then, dilute with distilled deionized water or phosphate buffered saline 

(PBS). 

The curcumin nanoparticles (Cur NPs) were prepared by temperature-

induced phase transition. To form a curcumin loaded phase at room temperature, 

600 mg of liquid soybean oil/Tween 80, 20 mg of curcumin (loading amount 2 

wt%) were mixed, and 400 mg Pluronic F-68 was added in mixture. To melt 

the mixture temperature was increased to 60℃ with stirring and maintained for 

10 min. The liquid mixture was cooled to 0℃ for 10 min to induce the phase 

transition. The prepared Cur NPs were blended in distilled deionized water with 
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stirring at room temperature for 30 min to remove the unloaded curcumin. After 

stirring, the Cur NPs solution was centrifuged at 3,000 rpm for 10 min and 

lyophilized supernatant liquid. To evaluate the characteristic and ex vivo test, 

Cur NPs was dissolved in distilled deionized water or PBS. 
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2.3 Physico-chemical characteristics of the Conjugate and 

NPs 

 

First, to observe molecular weight of the Raloxifene, FCR675 and Ralo-

FCR675 conjugate, Matrix-assisted lase desorption ionization mass 

spectrometry (MALDI-TOF) was utilized to qualify. The average diameter and 

size distribution of Cur NPs were measured by dynamic light scattering 

(Zetasizer Nano ZS90, Malvern Instruments Ltd, Malvern, UK). Transmission 

electron microscopy (TEM) was used to observe the morphology of the Cur 

NPs. The Cur NPs sample solution (10 µg/ml) was placed on a 300 mesh copper 

grid coated with carbon for 3min and excess of sample was blotted. For staining 

Cur NPs, 2 wt% uranyl acetate solution was dropped on the grid. In order to 

measure the release profile characteristics of curcumin and Cur NPs, 2 mg of 

curcumin and 100 mg of Cur NPs were dissolved in 4ml PBS, separately. Each 

solution were placed in a dialysis bag (MW 1,000,000) and put it into the tube 

filled with 40 ml PBS. The Samples maintained in a shaking water bath at 37℃, 

shaken horizontally at 150 rpm. 
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2.4 In vitro cytotoxicity of the Conjugate and NPs 

 

The cytotoxicity of Ralo-FCR675 and FCR675 were evaluated with a 

thiazolyl blue tetrazolium bromide (MTT) assay. Human colon carcinoma cell 

(HCT116-luc; luciferase gene transfected cell) was maintained in RPMI 1640 

medium containing 10% (v/v) fetal bovine serum (FBS) and 1% (v/v) 

antibiotics agent (AA). HCT116-luc cell (1 × 104 cells/well) was seeded in a 

96-well microplates and maintained for 24 h. The various concentrations of 

Ralo-FCR675 and FCR675 (0.1, 1.0, 5.0, 10, 25, 50 µM) dissolve in medium 

were added to each well of the cell and then incubated for 24 h. removed all 

solution form the wells. And then, 200 µl of Dimethyl sulfoxide (DMSO) was 

added to each well and incubated 10 min. Mixed each samples read absorbance 

570 nm with a plate reader. Cell viability was computed as the percentage of 

viable cells comparative to untreated control cells. The cytotoxicity experiment 

was performed in triplicate. 

The cytotoxicity of Cur NPs were evaluated with MTT assay. Normal 

epithelial cells (NIH3T3) and digestive cancer cells (AGS, CT-26, HT-29) were 

maintained in DMEM, RPMI 1640 medium containing 10% (v/v) FBS and 1% 

(v/v) AA, respectively. Each cells (1 × 104 cells/well) were seeded in a 96-well 



 

 

 

16 

microplates and maintained for 24 h. The various concentrations of the 

curcumin in Cur NPs (0.1, 1, 5, 25, 50, 100 µg/ml) dissolved in medium were 

added to each well of the cell and then incubated for 3, 6, 24 h. The MTT 

solution (500 µg/ml) was added and incubated for 2 h, and removed all solution 

form the wells. And then, 200 µl of DMSO was added to each well and 

incubated 10 min. Mixed each samples read absorbance 570 nm with a plate 

reader. Cell viability was computed as the percentage of viable cells 

comparative to untreated control cells. The cytotoxicity experiment was 

performed in triplicate. 
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2.5 Inflammation-related colon carcinogenesis mouse 

model 

 

ICR mice (male 5 weeks old, Orient, Korea) were used in this study. 

Azoxymethane (AOM), 10 mg/kg body weight, was given a single 

intraperitoneal injection dissolved in PBS. Dextran sodium sulfate (DSS) for 

induction of chronic colitis was dissolve in tap water at concentration of 2% 

(w/v) by periods (Figure 1). The procedure for the colorectal cancer takes about 

3 months. 
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Figure 1. The protocol for developing of inflammation-related mouse colon 

carcinogenesis mouse model. Red arrow denotes AOM intraperitoneal injection 

and the blue box denotes the periods drinking DSS solution. 
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2.6 Spraying the Conjugate and NPs on colon cancer  

 

To examine the applicability of the Conjugate and NPs probes for colon 

staining, the inflammation-related colon carcinogenesis mice were anesthetized 

with an intra-peritoneal injection by Zoletil-Rompun mixture. Colon was 

longitudinally cut after midline abdominal incision to expose mucosa layer. The 

colon tissues were typically more than 5 cm. The colon tissues were sprayed 

enough with Ralo-FCR675 (5 µM), FCR675 (5 µM) and Cur NPs (1, 0.1, 0.05 

mg/ml) at various times (3, 1, 0.5, 0.1 min) dissolved in PBS, separately. The 

colon tissues were excised from sacrificed mice and washed with PBS three 

times. 
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2.7 Morphological images of treated colon cancer tissue 

 

To study microstructural changes normal colon and cancer tissues treated 

separately with Ralo-FCR675 and Cur NPs were observed by Field Emission-

Scanning Electron Microscopy (FE-SEM). The tissues were rapid freezing 

followed by freeze drying. Dried samples were attached on holder and were 

given a 3-4 nm thick platinum (Pt) coating to protect the samples from heat 

damage. Specimens were observed various magnifications (× 100, 500, 1000). 
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2.8 Ex vivo Fluorescence imaging  

 

   After local spraying of Ralo-FCR675 conjugate and Cur NPs over the colon 

cancer tissues, the tissues were excised and washed with PBS three times. To 

investigate potential for tumor detection of Ralo-FCR675 and Cur NPs, an IVIS 

Lumina K series (Perkin Elmer, Waltham, MA, USA) imaging system was used 

to capture Near-infrared fluorescence (NIRF) images. Then, NIRF image of 

dissected colon tissue was captured by a small animal imaging system (OV100, 

Olympus, Japan).  
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2.9 Histological imaging  

 

   To observe absorbed the Ralo-FCR675 and Cur NPs into the tumor, 

histological imaging was analyzed. The excised colon cancer tissue treated with 

Ralo-FCR675, FCR675 and Cur NPs were embedded into a disposable 

embedding molds filled with optimal cutting-temperature (OCT) compound. 

The samples were frozen at -72℃ for 2 days and sectioned to a thickness of 10 

µm in cryostat. The sectioned slides were stained with H&E and DAPI, and 

observed by light microscope (BX1, Olympus, Tokyo, Japan) and OV100 

fluorescence microscope.  
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3. Results and Discussion 

 

3.1 Synthesis and characterization of the Conjugate and 

NPs 

 

   Ralo-FCR675 conjugate was synthesized by directly coupling FCR675 with 

raloxifene as shown in Figure 2. A hydroxyl group of raloxifene in the presence 

of DIPEA and DIC was coupled with acid group of FCR675 to manufacture 

Ralo-FRC675. Ralo-FCR675 was confirmed with mass spectrometry analysis. 

Raloxifene, FCR675 and Ralo-FCR675 conjugate were analyzed by MALDI-

TOF. Each mass result accorded with the calculated values (calculated for 

FCR675 : 917, found : 917; calculated for Raloxifene : 473, found : 474; 

calculated for Ralo-FCR675 : 1372, found : 1374) (Figure 3). 

   Cur NPs was composed of curcumin, soybean, Tween 80 and Pluronic F-

68. Pluronic as a nanoparticles (NPs) carrier loaded curcumin complex which 

described in Figure 4. The average diameter and surface charge of NPs were 

9.284 ± 0.55 nm and -10.37 ± 1.56, respectively. And the loading amount and 

loading efficiency of the Cur NPs were 2 wt% and 99.04 ± 2.71 % (Table 1). It 

is generally accepted that size of nanoparticles is less than 200 nm which can 

avoid uptake reticuloendothelial system [20]. Given this size, Cur NPs can be 
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used as fluorescence nanoparticle probe. The cumulative percent in vitro drug 

release profile of Cur NPs were measured at pH 7.4 for 7 days (Figure 5). The 

cumulative percentage release of Cur NPs was 70.12 % within 24 h, whereas 

free curcumin (free Cur) was 0% within 24 h. After the end of release profile, 

free Cur sank to the bottom of the membrane and formed a mass because of its 

high hydrophobicity [21]. 
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Figure 2. Schematic of Ralo-FCR675. The Conjugate was synthesized by 

directly coupling FCR675 with raloxifene. 
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Figure 3. Mass spectrometry and chemical structures of (a) FCR675, (b) 

Raloxifene and (c) Ralo-FCR675.  
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Figure 4. Schematic of Pluronic and Cur NPs. (a) Structure and schematic of 

triblock copolymer Pluronic. (b) Schematic of Cur NPs according to 

temperature-induces phase transition. 
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Table 1. Characteristics of Cur NPs. 
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Figure 5. Characteristics of Cur NPs. (a) Size distribution and TEM image of 

Cur NPs.  (b) in vitro release behavior of Cur NPs and free Cur. (c) Optical 

image of Cur NPs and free Cur after in vitro release behavior. 
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3.2 In vitro studies of Conjugate and NPs 

 

The cytotoxicity of Ralo-FCR675 and FCR675 was evaluated with MTT 

assay. Colon carcinoma cells were seeded on 96 well and treated with various 

concentrations of Ralo-FCR675 and FCR675 (0.1, 1.0, 5.0, 10, 25, 50 µM). The 

Ralo-FCR675 exhibited cytotoxicity comparable to FCR675, and showed cell 

viability > 95% at all concentrations (data not shown). 

To appraise the cytotoxicity of the NPs, the viability of normal endothelial 

cells (NIH3T3), stomach cancer cells (AGS) and colon cancer cells (HT-29, 

CT-26) were measured using a MTT. Each cell was treated with various 

concentrations of the curcumin in NPs (0.1, 1, 5, 25, 50, 100, 200 µg/ml) and 

various times (3, 6, 24 h). The Cur NPs exhibited low cytotoxicity compared 

with the free Cur at high concentrations (> 50 µg/ml) and cytotoxicity 

comparable to bare NPs and free Cur at low concentrations (0.1, 1 and 5 µg/ml). 

These three materials’ cytotoxicity were shown as IC 50 values in Table 2.  
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Table 2. IC50 values of the Bare NPs, Free Cur and Cur NPs in various cells 

and times.  
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3.3 Topical spraying of Conjugate and NPs on colon cancer  

 

   To evaluate Conjugate’s and NPs’ diagnostic potential for the detection 

colon cancer, inflammation-related colorectal cancers developed in the 

descending colon of mouse model treated with DSS/AOM [22, 23].  

The Ralo-FCR675 was locally sprayed on excised normal colon and cancer, 

and washed three times with PBS. Each tissue was treated with Ralo-FCR675 

(5 µM/200 µl PBS) for 1min. The cancer lesions of dissected colon tissue 

displayed high fluorescence intensity compared with contiguous normal colon 

lesions in the NIR ex vivo image. In addition, the NIRF signals on tumor lesions 

accurately matched up with tumor lesions in optical image (Figure 6). In the 

previous report, the drug-FCR675 conjugates penetrated deeply into the liver 

cancer by dense and thick ECM network in tumor tissues. In addition, the high 

permeable ability of conjugates into tissues, was due to its high Volume of 

distribution (Vd) [9]. Based on this previous report, Ralo-FCR675 could 

accumulate into the colon tumor tissue by high permeability. Moreover, crypts 

of colon cancer larger than normal colon [24]. For this reason, Ralo-FCR675 

could be absorbed via enlarged crypts and accumulated into cancer tissue 

rapidly.  

   To demonstrate the effect of Cur NPs on tumor tissues, NPs was sprayed 
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for various times (0.1, 0.5, 3, 10 min) and concentrations (50, 100, 1000 µg/ml). 

Finally, treated concentration and time were optimized for observing NIRF 

images of the tumor lesions. The colon tissue was treated with Cur NPs (50 

µg/ml) for 5 sec and washed three times with PBS. The cancer lesions exhibited 

fluorescence intensity in comparison with adjacent normal lesions in the NIR 

ex vivo image (Figure 7). Some lesions showed fluorescence signal, were not 

easily discernible as tumors in optical image (Figure 7c). As expected, the NIRF 

images suggested that the Cur NPs as fluorescence probe specifically indicated 

tumor tissues, whereas low signals was shown in normal tissues. Previous 

reports have been shown that loss of tight junction in various cancer including 

gastric cancer [13-15]. This loss of tight junction could enhance paracellular 

pathway [16]. Presumably, for this reasons, Cur NPs could be more absorbed 

into tumor tissue through the space of loosen tight junction. 

   The normal colon and cancer tissues treated with Ralo-FCR675 and Cur 

NPs were observed by FE-SEM to obtain morphological image. Figure 8a and 

8b showed the colon cancer crypts were bigger than normal colon. Crypts in 

colon cancer were reported to enlarge compared with normal crypts and serve 

as biomarker for colon cancer because of its aberrant forms [24, 25]. For this 

reasons, Conjugate and NPs type probes can presumably be absorbed more into 

tumor tissues rather than normal tissue. 
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Figure 6. Topical spraying Ralo-FCR675 on colon of inflammation-related 

colon carcinogenesis mouse model. Optical and Fluorescence images acquired 

after sprayed Ralo-FCR675 for 1min. (a) Non-treated normal colon (normal 

negative control). (b) Normal colon treated with Ralo-FCR675 (normal positive 

control). (c) Colon cancer treated with Ralo-FCR675. 
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Figure 7. Topical spraying Ralo-FCR675 on colon of inflammation-related 

colon carcinogenesis mouse model. Optical and Fluorescence images acquired 

after sprayed cur NPs for 5sec. (a) Non-treated normal colon (normal negative 

control). (b) Normal colon treated with cur NPs (normal positive control). (c) 

Colon cancer treated with cur NPs. 
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Figure 8. FE-SEM images showing of morphology of normal colon tissue and 

tumor tissue at different magnifications (×100, 500, 1000). 
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3.4 Histological analysis 

 

   The histological analysis was performed to identify fluorescence difference 

between Ralo-FCR675 and FCR675 into tumor. The colon cancer tissues were 

treated with Ralo-FCR675 and FCR675 for 1min, and then, imbedded in 

paraffin and sectioned. Each sectioned sample was stained with hematoxylin 

and eosin (H&E) and DAPI, separately (Figure 9). As shown by H&E stain, 

normal and tumor lesions could be distinguished by tissue structures. The Ralo-

FCR675 signals demonstrated higher fluorescence intensity in the tumor tissue 

than the FCR675. And Ralo-FCR675 signals in the tumor tissue could be found 

at mucosa, submucosa and serosa layer.  

The normal colon and tumor treated with Cur NPs embedded in Optimal 

cutting temperature compound and cryostat sectioned for histological analysis. 

First, sliced samples were observed by OV100 fluorescence microscope to 

demonstrate Cur NPs penetrated into the tumor. The sliced sample of untreated 

tumor rarely showed fluorescence intensity in the tumor compared with 

adjacent normal tissue. On the contrary, the sliced tumor tissue treated with Cur 

NPs showed a sharp difference intensity in the tumor compared with adjacent 

normal tissue. The tumor area shown in dotted line was marked cancer stages 

in Figure 10. Moreover, the subepithelial tumor lesion shown in Figure 10 with 
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dotted line, also showed higher fluorescence intensity than normal tissues.  

Sprayed Ralo-FCR675 and Cur NPs were shown the high signals in tumor 

tissues in histological images. Furthermore, fluorescence signals displayed not 

only cancer surface, but also deep tissue areas of cancer. Served as nano-probe 

for image-guided surgery, Ralo-FCR675 and Cur NPs can rapidly penetrate into 

tumor and accurately discriminate tumor and normal cancer. It allow complete 

tumor resection along with preserving important structures such as nerves, 

blood vessels and ureters. 
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Figure 9. Fluorescence and histological images of colon cancer tissues. (a) 

Optical and fluorescence images of cancer tissues treated with Ralo-FCR675 

and FCR675, separately. The red arrow signified a sectioning direction and site. 

(b) DAPI, fluorescence and hematoxylin and eosin stains in colon cancer tissue 

sections marked red arrows in (a). 
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Figure 10. Fluorescence and histological images of colon cancer tissues. (a) 

Optical and fluorescence images of untreated colon cancer and Cur NPs treated 

colon cancer. The red arrow signified a sectioning direction and site. (b) 

Fluorescence and hematoxylin and eosin stains in colon cancer tissue sections 

marked red arrows in (a). T : Tumor, N : Normal, S : Serosa 
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4. Conclusions 

 

   To overcome the limitations of conventional endoscopy examination, we 

developed two types of fluorescence nano-probes. The first one is the 

‘conjugate type’ raloxifene conjugated chemically with FCR675, and the 

second one is the ‘nanoparticles type’ Pluronic based nanoparticle containing 

curcumin. Sprayed nano-probes onto the tumor tissues, separately, were 

absorbed into tumor specifically and rapidly (in 60 sec). Moreover, small 

tumors like subepitheial tumor showed high intensity in ex vivo fluorescence 

imaging. These fluorescence nano-probes system can provide accurate margins 

of tumor and act as an image-guided probes with endoscopy surgery. 
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요약 (국문초록) 

 

소화기암의 영상 유도 수술을 위한 

나노프로브 연구 

  

내시경 기반 수술법은 소화기 암 병변의 특성을 진단하고 암 조직을 

제거하는데 주로 사용되는 방법이다. 이를 이용한 수술법은 암 진단을 위

해 사용되는 물질의 낮은 특이성으로 인해 현재의 검사 방식으로는 초기 

단계의 종양을 구분하기 어렵고 정상 조직과의 구분이 힘들어 이를 개선시

킬 수 있는 원천 기술의 개발이 필요하다. 따라서 이의 단점을 극복하고자 

본 연구에서는 양성 종양과 종양 유사 조직을 포함한 조기 암까지 특이적 

축적이 가능한 형광 나노프로브 시스템 개발하여 외과적 수술법에 적용 가

능하는 것을 목표로 연구를 수행하였다. 나노프로브는 두 가지 형태로 고

안되었으며, 형광 염료인 FCR-675와 Raloxifene 이 화학적으로 결합된 

‘ conjugate type ’ 과 curcumin 이 함유되어 있는 Pluronic 기반 

‘nanoparticles type ’을 각각 제조하여 특성을 비교하였다. 소화기암 모델

에서 나노프로브의 종양 진단 평가를 위해 AOM/DSS 를 이용한 염증성 

대장암 유발 모델에 국부적으로 처리하여 종양 진단 가능성을 확인하였다. 

각각의 나노프로브를 종양 유발 대장 조직에 처리한 결과, 종양과 정상 조
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직 간의 경계가 뚜렷하게 차이를 보였으며, 육안으로 구별하기 어렵지만 

형광유도 영상을 통해 종양 유사 조직도 함께 구분이 됨을 확인하였다. 또

한 ‘conjugate type’ 과 ‘nanoparticles type’ 각각의 암 조직의 진단 시간

은 단 시간 (60 초 이내)에 영상화가 가능하며, 종양 조직 내 깊숙이 투과

가 가능함을 형광학적 및 조직학적 분석을 통해 확인하였다. 

본 연구를 통해 개발된 종양 정밀 진단용 나노프로브는 초기 단계 

미세 종양 및 고형 종양을 포함하여 정상 조직과의 명확한 경계 구분을 통

해 내시경을 이용한 다양한 소화기 암의 절제술에 폭넓게 응용이 가능할 

것으로 기대된다. 

 

 

주요어 : 나노프로브, 내시경 기반 수술, 영상유도기술, 소화기암, 대장암, 

미세 종양 
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