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Abstract 
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Treatment of Colorectal Cancer 
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The Graduate School 
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Colorectal cancer (CRC) is the second leading cause of cancer-

related deaths worldwide, which is often treated with intravenous 

5-fluorouracil (5FU). However, 5FU frequently shows low 

therapeutic efficacy and serious adverse events. Particulate drug 

carriers able to enhance intracellular delivery could be 

advantageous, since higher 5FU concentrations would be 

engulfed by cancer cells during a relatively short residence 

within the rectal space to improve local anti-cancer efficacy. 

Therefore, we propose a novel material based on a zirconium-
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based metal-organic framework (MOF), PCN-223, as a 

potential carrier of 5FU for rectal delivery of treatment for CRC. 

PCN-223 nanoparticles, prepared by the solvothermal method, 

exhibited a highly porous structure, whereby 79.4 µg/mg 5FU 

could be encapsulated and released in a sustained manner over 2 

h. In vitro, PCN-223 was internalized by the human CRC cell line, 

HCT-116, within 2 h, representing the period that rectally 

delivered particles reside within the rectum. Consequently, 

5FU-loaded PCN-223 (5FU@PCN-223) treatment decreased 

the viability of HCT-116 cells compared with treatment with a 

bolus 5FU solution, suggesting improved drug efficacy over a 

short exposure time. Therefore, PCN-223 may be a promising 

carrier for rectal delivery of 5FU for treatment of CRC. 

 

Keywords: Metal-organic framework, 5-Fluorouracil, 

Nanoparticle, Colorectal cancer, Rectal delivery 
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1 Introduction 

1.1 Background knowledge 

Colorectal cancer (CRC) is the second leading cause of cancer-

related deaths worldwide, with approximately one million 

incident CRC cases reported each year [1,2]. CRC is often 

treated with chemotherapy, such as intravenous 5-fluorouracil 

(5FU), in the first-line setting [3-6]. 5FU, a pyrimidine 

antimetabolite, inhibits DNA synthesis by forming a complex with 

thymidylate synthetase (TS), an enzyme essential for DNA 

replication. When 5FU binds at the active site of TS, the 

nucleotide metabolism is interfered and therefore, DNA 

synthesis is inhibited, causing untimely cell death [7,8]. Although 

widely used, 5FU is limited by its short half-life, rapid systemic 

elimination, lack of specificity, and requirement for long-term 

intravenous infusion at high-doses, consequentially leading to 

low therapeutic efficacy and serious adverse events [8,9].  

 To overcome these limitations, rectal administration of 

5FU may be an alternative approach to CRC treatment [8], 

aiming to expose the drug directly to the tumor site and to evade 

first-pass metabolism, thereby increasing local drug 

bioavailability and reducing systemic side effects compared with 

intravenous administration [10,11]. However, a bolus dose of 
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5FU delivered via the rectal route would be excreted rapidly 

(less than 2 h) [12], which would limit absorption of the drug by 

cancer cells, and consequently, therapeutic efficacy. Thus, 

particulate drug carriers with the capacity to enhance 

intracellular delivery could be advantageous, since higher 

concentrations of 5FU would be engulfed by cancer cells during 

a relatively short residence within the rectal space to improve 

local anti-cancer efficacy. 

 

1.2 Strategy 

In this study, I propose metal-organic framework (MOF) 

nanoparticles as carriers for the rectal delivery of 5FU. MOF is 

a novel material composed of metal clusters and organic ligands 

linked via coordination bonds, forming a porous and crystal 

structure [13,14]. The network formed throughout such 

structures shows remarkable porosity, a large surface area, and 

high thermal and chemical stability of MOF [15]. Based on these 

advantages, MOF has been widely utilized in many fields, 

including for gas storage, biosensors, catalysis, and biomedical 

applications [16-19]. MOF is a potentially attractive drug carrier 

for biomedical applications, because with the appropriate 

selection of constituent metals and ligands, MOF presents 
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biocompatibility and its many pores can encapsulate drug 

molecules and release them slowly [20]. 

 Therefore, I propose a biocompatible MOF, PCN-223 

(PCN stands for porous coordination network), as a carrier for 

the rectal delivery of 5FU for potential local chemotherapy of 

CRC. PCN-223 is composed of biocompatible constituent 

materials: a metal cluster of Zr6 and an organic ligand of 

tetrakis(4-carboxyphenyl) porphyrin (TCPP). The octahedral 

Zr6 cluster forms 12-connected nodes with TCPP, resulting in a 

shp-a network and uniform triangular 1D channels (Figure 1) 

[21]. Having the highest connectivity among other zirconium 

MOFs due to their structural properties, pores in PCN-223 are 

highly stable in aqueous environments [22], Therefore, PCN-

223 can be efficient drug reservoirs.  
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Figure 1. PCN-223 structure; (A) Octahedral Zr6 cluster (left) 

and TCPP (right) forming (B) 12-connected nodes. (C, D) 

Topology of PCN-223 (shp-a) with uniform triangular 1D 

channels.  
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Herein, I synthesized PCN-223 nanoparticles by the 

solvothermal method [23], which were loaded with 5FU through 

physical adsorption to produce drug-loaded nanoparticles 

(5FU@PCN-223). The cytotoxicity and drug-release 

characteristics of 5FU@PCN-223 were then assessed. The 

intracellular delivery and potential anti-cancer effects of 

5FU@PCN-223 were tested using human colon cancer cell lines, 

and compared with those of a bolus 5FU solution. 

 

2 Material and Methods  

2.1 Materials  

Zirconyl chloride octahydrate (ZrOCl2‧8H2O, assay = 98%), 

dimethylformamide (DMF; anhydrous, assay = 99.8%), acetic 

acid (assay = 99.7%), 5FU (assay = 99%), chlorpromazine 

hydrochloride (assay = 98%), dynasore hydrate, and genistein 

(assay = 98%) were obtained from Sigma-Aldrich (USA). 

Acetonitrile (ACN; assay = 99.9%) was purchased from J.T. 

Bakers (USA). Ethanol (assay = 94.5%), rottlerin, tetrakis(4-

carboxyphenyl)porphyrin (TCPP; assay = 99.8%), and NucBlue® 

Live ReadyProbesTM (nuclear counterstaining reagent) were 

obtained from Daejung (Korea), Tocris Bioscience (UK), 

PorphyChem (France), and Life Technologies (USA), 
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respectively. Phosphate-buffered saline (PBS, pH 7.4) was 

purchased from the Seoul National University Biomedical 

Research Institute. Dulbecco’s phosphate-buffered saline 

(DPBS) and fetal bovine serum (FBS) were obtained from 

Thermo Fisher Scientific (USA) and PAN-Biotech (Germany), 

respectively. 

 

2.2 Preparation of 5FU@PCN-223  

PCN-223 was synthesized following a previously reported 

protocol with slight modifications [23]. Briefly, 196 mg TCPP 

was dissolved in 40 mL DMF and sonicated for 30 min. Then, 

104 mg ZrOCl2‧8H2O was dissolved in 20 mL DMF and 

subsequently added to the TCPP solution. While stirring, 8 mL of 

acetic acid was added, and the resulting solution was kept in an 

oven at 100℃ for 18 h. The resultant products were collected 

by centrifugation and washed three times with DMF and ethanol, 

followed by drying at 80℃ for 6 hours. PCN-223 was then 

placed under a vacuum at 150℃ to clear the pores. To prepare 

the 5FU@PCN-223, 500 mg 5FU was first dissolved in 50 mL 

deionized (DI) water, to which 100 mg of the dehydrated PCN-

223 was added. The suspension was kept under continuous 

stirring at 100 rpm for 2 days. Then, the suspension was 
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centrifuged to collect the 5FU@PCN-223, which was washed 

with ethanol and dried at 80℃.  

 

2.3 Characterization of PCN-223  

Powder X-ray diffraction (PXRD) patterns were recorded using 

an X-ray diffractometer (SmartLab, Rigaku, Japan) at 3 kW with 

Cu Ka radiation. The specific surface area and pores were 

analyzed using a surface characterization analyzer (3Flex, 

Micromeritics, USA) at −196℃. Morphology was characterized 

using a scanning electron microscope (SEM; JSM-7800F prime, 

JEOL, Japan). The hydrodynamic size and zeta potential of the 

nanoparticles were measured via dynamic light scattering (DLS; 

Zetasizer Nano ZS90, UK). To measure the amount of 

encapsulated 5FU, 10 mg 5FU@PCN-223 was immersed in 40 

mL of pH 7.4 PBS and stirred at 300 rpm at 37℃ for 2 days to 

fully extract the 5FU. The medium was then analyzed by high-

performance liquid chromatography (HPLC; Agilent 1260 series, 

Agilent Technologies, USA) to measure the amount of 5FU. In 

the HPLC, separation was performed with a Diamonsil C18 

column (150 × 4.6 mm, 5 µm; Dikma Technologies, USA) at a 

1 mL/min flow rate of a mobile phase made of DI water and ACN 

(v/v = 80:20). The injection volume was 10 µL and the UV 
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absorbance was determined at 280 nm. 

 

2.4 In vitro release study  

To assess the physical stability and drug release profile, the 

amounts of constituent organic ligands (TCPP) and 5FU released 

from 5FU@PCN-223 were analyzed, respectively, while 

immersed in a simulated biological fluid. For this, 20 mg 

5FU@PCN-223 was dispersed in 2 mL of pH 7.4 PBS in a 

dialysis bag (10 kDa, SnakeSkin Dialysis Tubing, Thermo Fisher 

Scientific, USA), which was then immersed in 14 mL of pH 7.4 

PBS. The prepared sample was incubated at 37℃ with stirring 

at 100 rpm, and at scheduled intervals, 2.5 mL of the supernatant 

was withdrawn and replaced with an equal volume of fresh PBS.  

To measure the amount of 5FU released, the collected 

solution was analyzed using the HPLC method, as described 

above. To determine the amount of organic ligand released, the 

collected solution was assessed using HPLC (Agilent 1260 

series, Agilent Technologies, USA) equipped with a Diamonsil 

C18 column (150 × 4.6 mm, 5 µm; Dikma Technologies, USA). 

The mobile phase was composed of distilled water and ACN 

(15:85, v/v). The flow rate and injection volume were 1 mL/min 

and 10 µL, respectively. The amount of TCPP was measured at 

an absorbance wavelength of 400 nm. 
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2.5 In vitro assays 

2.5.1 Cytotoxicity study  

L929 mouse fibroblasts were used to evaluate the cytotoxicity 

of PCN-223 using a water-soluble tetrazolium salt-based cell 

viability assay (EZ-Cytox; Daeil Lab Service, Korea) [24]. The 

schematics of cytotoxicity test method was exhibited in Figure 

2. L929 cells were seeded at a density of 1.5 × 104 cells/well 

in a 96-well plate. After 24 h incubation, the medium was 

removed and replaced with the PCN-223 suspension prepared 

in fresh cell culture medium at varying concentrations (0, 10, 25, 

50, 100, 200, 300, 400, and 500 µg/mL). After incubation for 2 

h, the PCN-223 suspension was replaced with fresh medium and 

the cells were incubated for a further 24 h. After washing three 

times with PBS, 100 µL of the fresh medium and 10 µL of an EZ-

Cytox solution were added to each well, and the cells were 

incubated for a further 2 h. The absorbance was measured at 450 

nm with a reference wavelength of 600 nm, using a microplate 

reader (VeraMax, Molecular Devices, USA). 
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Figure 2. Schematic representation of procedure for cytotoxicity 

test using EZ-cytox reagent.  
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2.5.2 Cellular uptake study  

To examine the intracellular uptake of PCN-223, I utilized the 

human colon cancer cell line, HCT-116. Cells were seeded onto 

a six-well plate at 1 × 106 cells/well and incubated for 24 h at 

37℃ with 5% CO2. Subsequently, the culture medium was 

replaced with 2 mL of the PCN-223 suspension, which was 

prepared in the same culture medium at varying concentrations 

(50, 100, 200, and 300 µg/mL). After incubation for 2 h, the wells 

were thoroughly washed with DPBS containing 1% FBS to 

remove any PCN-223 still suspended in the medium. Then, 2 mL 

trypsin was added to each well and incubated for 5 min to detach 

adherent cells from the plate. The cell suspension was 

centrifuged at 1200 rpm for 3 min, and the collected cells were 

suspended in 400 µL DPBS and analyzed with a flow cytometer 

(FACSCanto, BD Biosciences, USA). The analysis was 

performed using BD FACSDivaTM 8.0 software. For image 

analysis, the cells were collected as described above and stained 

with a NucBlue® Live ReadyProbesTM. The cells were then 

imaged with a confocal laser scanning microscope (CLSM; TCS 

SP8 STED CW, Leica Microsystems, Germany). Due to the 

florescent property of the porphyrinic ligand in the PCN-223 

[25], the measurements were made without fluorescent-

labeling or -tagging. 
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 I also sought to examine the preferred pathway for PCN-

223 endocytosis by pretreating HCT-116 cells with inhibitors of 

clathrin-, dynamin-, and caveolae-mediated pathways, and 

micropinocytosis: chlorpromazine (100 µM), dynasore (80 µM), 

genistein (200 µM), and rottlerin (5 µM), respectively [26-28]. 

Then, each well was thoroughly washed with DPBS, 2 mL of the 

PCN-223 suspension (100 µg/mL) was added, and the cells 

were incubated at 37℃ for an additional 1 h. To assess the 

energy-dependent endocytosis pathway, HCT-116 cells were 

pretreated under low temperature conditions, 4 ℃, for 1 h [28]. 

Then, the medium was replaced with 2 mL of the PCN-223 

suspension (100 µg/mL), the cells were incubated at 4℃ for a 

further 1 h, and subsequently collected and analyzed by flow 

cytometry, as described above. 

 

2.5.3 Antitumor efficacy study  

To evaluate the potential antitumor efficacy of the drug-loaded 

nanoparticles, 5FU@PCN-223, an Ez-Cytox cell viability assay 

was performed using HCT-116 cells seeded in a 96-well culture 

plate at 2.0 × 104 cells/well. After 24 h incubation, the culture 

medium was replaced with 100 µL of a 5FU@PCN-223 

suspension or 5FU solution at various concentrations equivalent 

to 0, 10, 25, 50, 100, 150, 200, and 250 µM of 5FU, respectively. 
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After incubation for 2 h, the medium was replaced by a mixture 

of 100 µL fresh culture medium and 10 µL EZ-Cytox solution, 

and cells were then incubated for a further 2 h. Cell viability was 

subsequently assessed using a microplate reader (VeraMax, 

Molecular Devices, USA), as described above.  

 

2.6 Statistical analysis  

Data are reported as mean ± standard deviation. Data were 

analyzed by the Mann–Whitney U test using GraphPad Prism 7.0 

(GraphPad Software, USA). *p<0.05 and **p<0.01 were 

considered as statistically significant. 
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3 Results  

3.1 Particle characterization  

The Zr-based MOF, PCN-223 [Zr6O4(OH)4(TCPP)3], was 

synthesized as a carrier for 5FU delivery by the solvothermal 

method, in which the drug, 5FU, was loaded via physical 

absorption (Figure 3). As shown in the PXRD patterns in Figure 

4, PCN-223 exhibited well-defined diffraction patterns, 

indicating a crystalline structure [22,23]. The PXRD patterns did 

not appear to change with 5FU@PCN-223, suggesting that 

crystallinity of the MOF was retained following the drug-loading 

process. Figure 5 shows typical type-I N2 adsorption-

desorption isotherms, confirming the microporous structure of 

both PCN-223 and 5FU@PCN-223 [29]. However, the pore 

size was decreased in 5FU@PCN-223 (Table 1); this could be 

explained by the presence of encapsulated drug molecules filling 

the pores of PCN-223. The SEM images indicate that both PCN-

223 and 5FU@PCN-223 exhibited an oval-like shape (Figure 

6), as previously reported [30], and their hydrodynamic particle 

sizes were also similar, ranging from 340 to 530 nm (Figure 7). 

Those results suggest that PCN-223 maintained its structural 

integrity even after drug loading. Furthermore, as shown in 

Figure 8, the zeta potential of PCN-223 (−41.5 mV) was shifted 

slightly to a more negative value (−43.5 mV) with 5FU@PCN-
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223, owing to the encapsulation of negatively-charged 5FU 

molecules (pKa ~8) [31]. For 5FU@PCN-223, the amount of 

drug loaded was 79.4 µg/mg. 
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Figure 3. Schematic illustration of PCN-223 synthesis and 5FU 

encapsulation in PCN-223 to produce 5FU@PCN-223. 
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Figure 4. Powder X-ray diffraction (PXRD) patterns of PCN-

223 and 5FU@PCN-223. 
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Figure 5. N2 adsorption-desorption isotherms of PCN-223 and 

5FU@PCN-223. 
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Table 1. Brunauer-Emmett-Teller (BET) surface area, pore volume, and 

diameter of PCN-223 and 5FU@PCN-223. 
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Figure 6. Representative scanning electron microscope (SEM) 

images of PCN-223 (left) and 5FU@PCN-223 (right); scale 

bars = 500 nm. 
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 Figure 7. Particle size distribution of PCN-223 and 5FU@PCN-

223 measured by dynamic light scattering (DLS). 
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Figure 8.  Zeta potential of PCN-223 and 5FU@PCN-223. 
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3.2 In vitro profiles of 5FU release and PCN-223 degradation  

First, I examined the drug release profiles of 5FU@PCN-223 

(Figure 9). 5FU was released in a sustained manner during the 

first 2 h, i.e., the expected duration of particle retention within 

the rectal space following administration [12]. As shown in 

Figure 10, less than 6% of the ligand was released in 2 h, 

indicating that more than 94% of the PCN-223 remained intact. 

Therefore, a significant amount of the 5FU@PCN-223, still 

loaded with 5FU, was expected to be in direct contact with the 

colorectal cancer cells for endocytosis after rectal administration. 

After 2 h, more than 90% of the drug was depleted from the 

particles, which could be ascribed to the small molecular size and 

relatively high water solubility of 5FU (molecular dimension = 

4.9 × 5.3 Å, water solubility = 12.5 mg/mL) [2,32], and hence, 

rapid diffusion from the pores in the PCN-223. However, it is 

likely that those particles would be excreted following rectal 

administration. 

  



 ２４  

 

 

 

 

 

 

 

Figure 9.  In vitro profiles of 5-fluorouracil (5FU) release of the 

5FU@PCN-223. Error bars represent the standard deviation 

(SD) (n = 3). 
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Figure 10.  In vitro profiles of degradation of 5FU@PCN-223. 

Error bars represent the standard deviation (SD) (n = 3). 
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3.3 PCN-223 endocytosis 

There are several ways that cells incorporate materials through 

the cell membrane, such as passive diffusion by which materials 

cross the cell membrane without energy consumption, or 

endocytosis by which materials are engulfed in a pocket of 

membrane for internalization into the cytoplasm, which is an 

energy consuming process. To evaluate the efficiency of cell 

internalization and the preferred pathway of PCN-223, two 

types of experiments were carried out.  

First, I investigated the internalization of rectally 

administered PCN-223 by cancer cells over a relatively short 

period, to reflect the time of drug residence within the rectum. 

To test this, I incubated HCT-116 cells with PCN-223 

suspensions for 2 h. As shown in Figure 11, PCN-223 appeared 

to be internalized efficiently at all concentrations tested in this 

study. More than 25% PCN-223 was internalized at 50 μg/mL, 

which gradually increased to 66% at 300 μg/mL. Confocal image 

analysis (Figure 12) revealed PCN-223 fluorescence inside the 

cells, confirming that endocytosis occurred at all tested 

concentrations.  

I also sought to determine the preferred pathway of 

PCN-223 cell internalization. In order to examine whether cell 

internalization requires energy, cells were incubated at 4 ℃, 
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wherein active metabolic processes are retarded, and thus, 

particles cannot be endocytosed by the cells. As shown in Figure 

13, when cells were exposed to 4 ℃, over 65% reduction in the 

amount of total particles entering cells was observed, confirming 

that the cellular particles’ uptake process is not through passive 

diffusion. Further, to assess the endocytic pathway of cellular 

uptake, four types of inhibitors, such as dynasore, genistein, 

rottlerin, and dynamin, were used to restrict certain mechanism 

of endocytosis. As depicted in Figure 13, there were no clear 

effects of dynasore, genistein, or rottlerin on cellular uptake, 

suggesting that dynamin- and caveolae-mediated pathways, and 

micropinocytosis do not play major roles in the endocytosis of 

PCN-223. In cells treated with dynasore and genistein, there 

was an increase in the amount of internalized particles compared 

with the control (> 100%), which could be due to the 

compensatory upregulation of an alternative endocytosis 

pathway [27,28]. Notably, cellular uptake was decreased in cells 

treated under low temperature conditions and with 

chlorpromazine; thus, the internalization of PCN-223 into HCT-

116 cells appeared to be dependent on clathrin-mediated and 

energy-dependent endocytosis. 
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Figure 11. Endocytosis of PCN-223 following incubation with 

HCT-116 cells for 2 h. Error bars represent SD (n = 3).   
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Figure 12. Representative images of HCT-116 cells obtained via 

confocal fluorescence analysis after 2 h incubation with PCN-

223. Scale bars = 20 µm.  
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Figure 13. Effects of endocytosis inhibitors on the cellular uptake 

of PCN-223. Error bars represent SD (n = 3).  
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3.4 Antitumor efficacy on HCT cells 

To examine whether potential anti-tumor efficacy could be 

augmented by cellular uptake, HCT cells were exposed to 

5FU@PCN-223 or a bolus 5FU of the same dose for 2 h, and 

cell viability was compared. As shown in Figure 14, cell viability 

was significantly lower following exposure to 5FU@PCN-223 

than that to a bolus 5FU at all tested concentrations. Notably, 

anti-tumor efficacy was more marked with increasing drug 

doses, while a bolus 5FU did not decrease cell viability further 

when the concentration increased above 150 µM. As shown in 

Figure 15, PCN-223 without 5FU resulted in high cell viability 

at all tested concentrations, suggesting that the PCN-223 itself 

is not cytotoxic. These results indicate that the decreased cell 

viability observed with 5FU@PCN-223 was due to the 5FU 

engulfed within HCT-116 cells.  
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Figure 14. In vitro viability profiles of HCT-116 cells after 2 h 

incubation with a bolus 5FU solution and 5FU@PCN-223 at 

different equivalent 5FU concentrations. *p<0.05 and **p<0.01.  
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Figure 15. In vitro viability profiles of L929 cells after 2 h 

incubation with PCN-223 without 5FU. Error bars represent the 

SD (n = 6). 

 

  



 ３４  

 

4 Discussion  

Conventional treatment of CRC with intravenous 5FU is limited 

by its unfavorable pharmacokinetic properties and the adverse 

events associated with systemic exposure to the drug [33,34]. 

Therefore, I proposed that local administration of 5FU may be an 

alternative strategy to directly expose the drug to the site of 

interest. However, due to the short duration of 5FU exposure in 

the rectum [10], as well as its low cell permeability [35], a 

locally-delivered, bolus drug would not be effective in treatment. 

To overcome this, I suggest that PCN-223, a Zr-based 

porphyrin MOF, may be an effective drug carrier that can be 

engulfed by cancer cells within a relatively short time, 

representing the expected duration that rectally-delivered 

particles residue within the rectum [12].  

 Our results revealed that PCN-223 was properly 

synthesized using the solvothermal method, as previously 

reported [22,23], which could encapsulate 5FU by physical 

adsorption without neither structural nor morphological changes 

(Figures 3-8). The drug-loaded PCN-223, 5FU@PCN-223, 

released the drug in a sustained manner during the period of 

interest (Figure 9), during which, 5FU@PCN-223 was 

efficiently delivered to the tumor cells via a clathrin-mediated 

pathway (Figures 11-13). Our findings revealed that the 
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efficacy of 5FU became more apparent as the concentration of 

5FU@PCN-223 increased (Figure 14).  

 Several studies have demonstrated improved drug 

efficacy with the use of nanoparticles to deliver 5FU 

intracellularly [5,36]. For example, when mesoporous silica 

nanoparticles were used as carriers, exposure of HCT-116 cells 

to 380 µM 5FU resulted in more than 50% cell death [5]. Using 

a nanogel, 100 µM of 5FU could also induce 56% cell death [36]. 

However, such improvement in 5FU efficacy could be obtained 

following a longer period carrier exposure (> 24 h). Furthermore, 

it is important to note that at concentrations equivalent to 250 

µM 5FU, the 5FU@PCN-223 generated herein resulted in more 

than 85% cell death, even with an exposure time of 2 h (Figure 

14). Under this condition, cells were exposed to 410 μg/mL of 

the PCN-223, which would allow for > 66% particles to be 

internalized by the cells (Figure 11), hence improved 

intracellular delivery of the drug, 5FU. Therefore, with a residual 

fluid volume of about 30 mL in the human rectum [37], this may 

correspond to the rectal administration of about 9 mg 

5FU@PCN-223, the amount that has been already widely 

accepted in various formulations for rectal delivery in clinical 

settings [38-40].  
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5 Conclusion  

I propose that PCN-223 nanoparticles, a kind of MOF, may be 

used as potential carriers for drug delivery to the rectum for the 

treatment of CRC. The PCN-223 nanoparticles possess a highly 

porous structure, into which an anti-cancer drug, such as 5FU, 

can be encapsulated to serve as a depot for sustained drug 

release. The 5FU-loaded PCN-223 can be efficiently 

internalized into the CRC cells via clathrin-mediated endocytosis, 

which contributes to the improved anti-cancer efficacy of 5FU 

even with the short exposure time expected with rectally-

delivered medications. Therefore, I conclude that PCN-223 can 

be a novel and advantageous carrier for the rectal delivery of 

anti-cancer drugs for the treatment of CRC. 
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Abstract in Korean 

 

 

대장암 치료를 위한 약물 전달체  

PCN-223에 대한 연구 

 

본 연구에서는 새로운 물질인 금속 유기 골격체 중 하나인 

PCN-223을 대장암 치료에 사용되는 항암제 5-플루오로우라실 

(5FU) 의 직장 전달 캐리어로 제안한다. 나노입자 PCN-223은 수

열합성법에 기반하여 제조되었으며, 주사 전자 현미경과 동적 광산

란 측정을 통해 입자의 크기 및 형태를 확인하였다. 또한, 분말 X 

선 회절과 N2 흡착-탈착 측정을 이용한 구조 확인을 통해 PCN-

223의 결정성과 높은 다공성 특징을 확인하였다. 5FU를 PCN-223

의 세공 내에 담지 하였을 때 79.4 µg/mg 의 약물이 탑재되었으며, 

탑재된 약물은 2시간 동안 지속적으로 방출되는 형상을 보였다. 직

장으로 주입된 입자가 직장 내에 머물기로 예상되는 시간은 2시간

이므로, 이를 토대로 PCN-223의 인간 대장암 세포 HCT-116으

로의 유입 실험을 진행하였다. 그 결과, PCN-223은 클라트린 단백

질을 매개체로 하여 에너지 의존적으로 세포 내로 이입되며, 2시간 

동안 효율적으로 유입됨을 확인하였다. 5FU가 탑재된 PCN-223 

(즉, 5FU@PCN-223)과 5FU 용액의 잠재적 항 종양 효능을 비교
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하였을 때, 5FU@PCN-223의 경우 더욱 확실하게 세포 생존률을 

감소시켰다. 이는 PCN-223의 효율적인 세포 내 유입에 의해 짧은 

시간 노출됨에도 5FU@PCN-223은 향상된 약효를 보인다는 것을 

의미한다. 따라서, 본 연구는 PCN-223이 대장암 치료를 위한 

5FU의 직장 전달에 유망한 전달체로 사용될 수 있다는 결론을 내

리는 바이다.   

______________________________________________________________ 

주요어: 5-플루오로우라실, 대장암, 금속 유기 골격체, 나노입자, 직

장 전달 
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