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Abstract

Reduced Graphene Nanosheets for
Anticancer Photothermal Therapy

Min hyeonho, Physical Pharmacy, Seoul National University

 This thesis introduces the delivery of fluorescent chemical loaded onto 

reduced graphene nanosheet for antitumor effect with near infrared light 

radiation. In this study, IR-808, a chemical responsive to near infrared light 

808nm, was used.  As a targeting purpose, AMD 3100 which targets 

overexpressed surface receptor CXCR4 in tumor cells is conjugated with the 

fluorescent chemical, IR-808 and results in AMDpIR as a final form.  After 

loading of AMDpIR to rGO, delivery to the tumor tissue was achieved and 

induced photothermal effect of rGO and IR-808 with near infrared light 

radiation. IR-808 produces singlet oxygen (1O2)when near infrared light is 

applied and the singlet oxygen produced results in the destruction of the 

structure in IR-808. However, when IR-808 was loaded onto rGO, the singlet 

oxygen produced will be attached to rGO and cannot be involved in the 

change of structure of IR-808.  As a result, IR-808 loaded onto rGO shows 

a greater stability when near infrared light is applied compared to the form 



without rGO and the long-lasting structure of IR-808 induces a greater 

photothermal effect.  The in-vivo antitumor efficacy of AMDpIR-rGO was 

evaluated in a SCC-7 tumor xenograft model.  The group treated with 

AMDpIR-rGO showed a 2 fold increase in the accumulation at tumor site 

compared to the other groups. Additionally, the highest temperatures was 

detected at the specific tumor site where near infrared light radiation was 

applied with a potent antitumor effect.  Taken together, the study proves the 

possibility on the photo-stability, synergistic photothermal effect and the 

targeting effect induced by near infrared light on rGO. 

Key words: Tumor targeting, Reduced graphene nanosheets, Near infrared 

light, Photo stability, Photothermal effect

Student number : 2013-23460
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Ⅰ. Introduction

 Photothermal therapy (PTT) has been considered as a caner treatment 

approach and advantageous over chemotherapy owing to spatial and temporal 

controllability [1-3]. When photoresponsive agents absorb light, the absorbed 

light convert into heat to kill cancer tissue [4]. PTT results in limited side 

effects which commonly occur in chemotherapy due to its unspecific drug 

delivery to all tissues. In addition, multidrug resistance is always a great 

concern in chemotherapy [5]. PTT is possible to avoid multidrug resistance 

due to inducing irreversible tissue necrosis [6].

 Carbon-based nanomaterials such as carbon nanotubes (CNTs), graphenes 

have drawn considerable attention as photothermal anticancer therapy 

applications. Especially, Graphene exhibit a large near-infrared (NIR) light 

absorption and consequently high photothermal conversion efficiency [7]. 

Reduced graphene oxide (rGO) nanosheets have been generated by decreasing 

the polar groups on graphene oxide (GO). rGO provides a high capacity for 

hydrophobic interactions among various functional molecules. Although 

reduced graphene oxide nanosheets have their own advantages, the active 

targeting strategy is needed for reduction of injection dose.

 Several types of NIR heptamethine dyes such as Indocyanine green (ICG) 

are explored as photo-absorbers for photothermal anticancer therapy [8]. 

Among several heptamethine dyes, IR-808 has photothermal anticancer activity 

due to their chromophore structure. However, the use of IR-808 suffers 

dramatically from light-induced fast decomposition like ICG [9, 10]. To solve 

the light-induced fast decomposition problem, various modalities have been 
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utilized to improve the photo-stability.

 In this chapter, we observed whether the use of rGO photothermal 

nanocarrier for delivery of IR-808 could improve the photothermal potency. 

In addition, to enhance tumor accumulation, we used AMD derivatives for 

delivery to CXCR4-overexpressing xenograft tumor.
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Ⅱ. Materials & Methods

2. 1. Preparation of rGO nanosheets

  rGO nanosheets were produced by reducing GO nanosheets. GO 

nanosheets were prepared from graphite using Hummer's method with slight 

modifications. Briefly, graphite powder (0.5 g ; SigmaAldrich), KMnO4 (3 g 

; Sigma-Aldrich) and NaNO3 (0.5 g ; SigmaAldrich) were added to cold 

H2SO4 (23 ml), and the mixture was stirred initially on ice and then at 35 

°C for an additional 1h. After addition of 46 ml of triple-distilled water 

(TDW), the mixture was stirred at 90 °C for 1h. The reaction was quenched 

by addition of 140ml of TDW and 10 ml of 30 % H2O2. The reaction 

products were washed with an aqueous 5 % HCl solution and TDW. And 

then, there action products were dispersed in TDW and sonicated for 2h to 

exfoliate the GO layers and form GO nanosheets. The unexfoliated GO was 

removed by centrifugation at 1600 × g for 10min. The supernatant containing 

GO nanosheets was collected and filtered through 0.2 - μm membrane filters 

using a syringe filter (Millipore Corp., Billerica, MA, USA). To produce rGO 

nanosheets, the resulting GO nanosheets were reduced by adding 2.0 ml of 

GO nanosheets (5 mg/ml) in TDW to 8.0 ml of TDW, 0.5 ml of ammonia 

solution (28 w/w % in water ; Junsei Chemical, Tokyo, Japan), and 5.0 μl 

of hydrazine monohydrate (64 w/w % in water ; Sigma Aldrich). The 

resulting mixture was stirred at 80 °C for 10min. After cooling to room 

temperature, excess hydrazine and ammonia were removed by dialysis 

(molecular weight cut off, 100 kDa ; Spectrum Laboratories, Inc.) against 
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TDW. The obtained rGO nanosheets were stored at 4 °C until use.

2. 2. Preparation of AMDpIR loaded rGO nanosheets

  AMDpIR (5mg/ml in dimethyl sulfoxide) was loaded onto 1ml of rGO 

nanosheets (dispersed in distilled water at a concentration of 0.5mg/ml) at 

AMDpIR:rGO weight ratio of 2:1. The mixture was stirred for 10min. 

Unloaded AMDpIR was removed with a Sephadex G-25M column (PD-10 

column; GE Healthcare, Piscataway, NJ, USA). To determine the extent of 

AMDpIR loading onto rGO, the unloaded AMDpIR was obtained from 

supernatant by salting out and centrifuging at 3,000 × g for 5 min. the 

extent of the unloaded AMDpIR was determined by UV/Vis spectrometry at 

808nm.

2. 3. Characterization of photo-sensitizer loaded rGO 

nanosheets

The sizes of rGO nanosheets with or without photosensitizer (IR-808, 

AMDpIR) were determined using dynamic light scattering (DLS). The 

samples were diluted with distilled water and placed in ELS-Z instrument 

(Photal, Osaka, Japan). Zeta potential values of rGO nanosheets with or 

without photosensitizer were determined by laser Doppler microelectrophoresis 

at an angle of 22oC using ELS-Z. The sizes and morphologies of rGO 

nanosheets with or without photosensitizer were examined by transmission 
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electron microscopy (JEM1010, Jeol Ltd, Tokyo, Japan)

2. 4. Singlet oxygen generation test of AMDpIR and 

AMDpIR-rGO

The extent of singlet oxygen was examined using Singlet oxygen sensor 

green reagent (Molecular probes, USA) according to the protocol provided by 

the manufacturer (Molecular probes, USA). 2μl of Singlet oxygen sensor 

green reagent (~5mM in MeOH) was added to 1ml of AMDpIR and 

AMDpIR-rGO solution (10μm, 25μm, 50μm in dimethyl sulfoxide:distilled 

water volume ratio at 1:10). The mixtures were irradiated using an 808 nm 

continuous-wave NIR diode laser (BWT Beijing LTD, Beijing, China) with an 

output power of 1.5 W for 10 min. The extent of singlet oxygen from 

AMDpIR and AMDpIR-RGO was determined by measuring the fluorescence 

at 525 nm using a fluorescence microplate reader (Gemini XS; Molecular 

Device, Sunnyval, CA, USA) at various time points.

2. 5. Photothermal effect and photo-stability test of AMDpIR 

and AMDpIR-rGO

Photothermal properties were examined by thermometer. Free IR-808 (10μ

g/ml), rGO (5μg/ml), IR-808/rGO (rGO 5μg/ml, IR-808 10μg/ml) and Free 
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AMDpIR (60μg/ml), rGO (5μg/ml), AMDpIR-rGO (rGO 5μg/ml, AMDpIR 60

μg/ml) were irradiated using an 808 nm continuous-wave NIR diode laser 

(BWT Beijing LTD, Beijing, China) with an output power of 1.5 W. The 

temperature of the mixtures during laser irradiation were examined by 

thermometer every 30 seconds. Photo stability of AMDpIR and AMDpIR-rGO 

was monitored by UV spectrometer in the range of 350 nm – 850 nm every 

30 seconds.

2. 6. In vitro cellular uptake test

Murine SCC7 squamous carcinoma cells (American Type Culture 

Collection, Rockville, MD, USA) were cultured in Dulbecco’s modified Eagle 

medium (Gibco BRL life Technologies, Carlsbad, CA, USA) supplemented 

with 10% fetal bovine serum and 100 units/ml penicillin plus 100μg/ml 

streptomycin (complete DMEM media). Quantitation of cells was analyzed 

using flow cytometry using a BD FACS Calibur flow cytometer and Cell 

Quest Pro software (BD Bioscience, San Jose, CA, USA). 

2. 7. In vitro cell viability assay and photothermal imaging 

following NIR laser irradiation

Murine SCC7 squamous carcinoma cells were seeded onto 12-well plates 

at a density of 1 × 105 cell/well. The next day, Free AMDpIR, rGO, 

IR-808/rGO, AMDpIR-rGO suspensions at an AMDpIR concentration of 10μ
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M were treated to each well. After 24 h incubation at 37 oC, the cells were 

washed with PBS and re-suspended in complete DMEM media. The cell 

suspensions were irradiated using an 808 nm continuous-wave NIR diode 

laser with an output power of 1.5 W for various exposure time points. After 

irradiation, the cells were diluted 10-fold using complete DMEM media and 

transferred to 96-well plates for the cell viability assay. The cell viability was 

measured by MTT assay. The temperature and photothermal images of the 

cells treated with Free IR-808, rGO, IR-808/rGO, AMDpIR-rGO suspensions 

were recorded using an infrared thermal imaging system every 30s 

(FLIRT420, FLIRSystems Inc., Danderyd, Sweden).

2. 8. Animals

For In vivo experiments, 5-week-old female C3H mice were obtained 

from Orient Bio, Inc. (Seongnam, South Korea). All animals were raised and 

conducted in accordance with the Guidelines for the Care and Uso of 

Laboratory Animals of the Institute of Laboratory Animal Resources, Seoul 

National University.

2. 9. In vivo molecular imaging

The in vivo biodistribution of AMDpIR in tumor-bearing mice was 

determined by molecular imaging. Mice were subcutaneously inoculated at the 

right dorsal side with 2 × 106  SCC7 cells, and tumors were allowed to 

grow over time. Suspensions of Free IR-808, IR-808/rGO, AMDpIR- rGO at 
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the IR-808 dose 1mg/kg were intravenously administered to the SCC7-bearing 

mice. At various time points, The tumor tissue distribution of those 

suspensions was assessed using the eXplore Optix System (Advanced 

Research Technologies Inc. Montreal, Canada) at 725 nm.

2. 10. In vivo photothermal effect

The photothermal anticancer effects of AMDpIR-rGO were tested using 

SCC-7 tumor-bearing mice. The mice were subcutaneously injected at the 

dorsal right side with 2 × 106  SCC7 cells. When the tumor volume reached 

80 – 100 cm3, the mice were subjected to intravenous administration of free 

IR-808, rGO, IR-808/rGO, AMDpIR-rGO at the IR-808 dose 3 mg/kg. 24 

hour post-administration, the mice were anesthetized and irradiated for 3 min 

with an 808 nm continuous wave NIR laser at an output power of 1.5 W. 

Light-induced temperature changes in the tumor were recorded using a 

real-time infrared thermal imaging system (FLIR T420, FLIR System Inc., 

Danderyd, Sweden).

2. 11. Statistics

ANOVA was used for statistical evaluation of experimental data with 

Student-Newman-Keuls post hoc test. All statistical analyses were performed 

using the SigmaStat software (version 3.5, Systat Software, Richmond, CA, 

USA), and a p-value < 0.05 was considered significant.



9

Ⅲ. Results

3. 1. Characterization of AMDpIR-rGO

Because of the double bonds of AMDpIR was loaded onto the rGO 

nanosheets via π-π interaction (Fig. 1). The morphology of AMDpIR-rGO 

(Fig. 2C) was similar to these of rGO (Fig. 2A) and IR-808/rGO (Fig. 2B). 

The size of AMDpIR loaded rGO nanosheets did not differ from unloaded 

rGO nanosheets and IR-808 loaded rGO nanosheets (Fig. 2D). After loading 

of IR-808, the zeta potential values of rGO nanosheets were decreased from 

-31.7 ± 5.6 mV to -66.5 ± 4.2 mV. In case of AMDpIR loaded rGO 

nanosheets, the zeta potential values were decreased to -50.7 ± 9.3 mV (Fig. 

2E). At rGO:AMDpIR weight ratios of 1:2, the loading efficiency of 

AMDpIR was 79.2 ± 6.0% (Fig. 2F).
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Figure 1. Schematic illustration.

Schematic illustration of AMDpIR/rGO.
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Figure 2. Characterization of AMDpIR-rGO.

TEM images of uncoated rGO (A), IR-808 coated rGO (B) and 

AMDpIR- rGO (C) in which AMDpIR was coated onto rGO at a 2:1 w/w 

ratio. (D) The size of rGO, IR-808/ rGO, AMDpIR- rGO were measured by 

dynamic light scattering. (E) The zeta potentials of rGO, IR-808/ rGO, 

AMDpIR- rGO were determined by laser Doppler microelectrophoresis. (F) 

The loading efficiency of AMDpIR onto rGO was measured at various 

weight ratios.



12

3. 2. Photo-stabilty and photothermal effect of AMDpIR-rGO

With laser irradiation, Free AMDpIR generated singlet oxygen at 10uM, 

25uM, 50uM (Fig. 3A). The extent of singlet oxygen generated by Free 

AMDpIR was almost saturated after 6 min of laser irradiation. AMDpIR-Rgo 

did not show fluorescence of the singlet oxygen at any concentration (Fig. 

3B). Photo-stability significantly differ between free AMDpIR and 

AMDpIR-rGO. NIR absorption peak of free AMDpIR was rapidly disappeared 

upon irradiation. The color changed green to yellow (Fig. 3C). In contrast, 

AMDpIR-rGO maintained its NIR absorption peak and color (Fig. 3D). 

Photothermal effect of photosensitizer loaded rGO nannosheets differed from 

these of free photosensitizer. The temperature of free IR-808 and AMDpIR 

did not show significant changes upon NIR irradiation. The temperature 

retained at about 20oC. rGO showed higher photothermal effect than free 

IR-808 and AMDpIR. The temperature increased by rGO after 5 min 

irradiation was 43.4 ± 0.2 oC. Unlike free photosensitizer, IR-808/rGO, 

AMDpIR-rGO showed synergistic photothermal effect. The temperature 

increased by IR-808/rGO and AMDpIR-rGO after 5 min irradiation was 53.2 

± 0.1 oC and 57.4 ± 0.2 oC, respectively. The temperature profiles of 

IR-808/rGO and AMDpIR-rGO showed similar patterns (Fig.3E).
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Figure 3. Photo-stability and photothermal properties of 

AMDpIR.

 The extent of singlet oxygen was examined using Singlet oxygen sensor 

green kit  according to the protocol. (A) Free AMDpIR was generated singlet 

oxygen at various concentration compare with AMDpIR-rGO (B). UV 



14

absorbance spectrum of free AMDpIR (C), AMDpIR-rGO (D) was measured 

with different laser irradiation time. Irradiation increases the temperatures of 

the IR-808 group (E) or AMDpIR group (F) suspensions. Photothermal 

properties were measured by thermometer.
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3. 3. Cellular uptake and Photothermal antitumor effects of 

AMDpIR-rGO

  Flow cytometry measurements of AMDpIR-rGO uptaken cells showed 

higher fluorescence intensity of the Cy5.5 signal as compared to the unloaded 

rGO and IR-808/rGO, respectively (Fig. 4A). While IR-808/rGO and 

AMDpIR-rGO showed similar photothermal effects, they were not same in 

vitro photothermal antitumor effects. The irradiation induced temperature 

increase was the highsest in the group treated with AMDpIR-rGO (Fig. 

5A,B). Real-time IR thermal imaging showed that the temperature of the 

group treated with AMDpIR-rGO was 61.8 ± 3.2 oC after 5 min irradiation 

(Fig.5B). SCC7 cells were treated with IR-808, rGO, IR-808/rGO, 

AMDpIR-rGO. To evaluate the photothermal antitumor effects, the cell 

viability of cancer cells in each group was compared in the absence and 

presence of NIRlaser. In the absence of NIRlaser, there was no significant 

photothermal antitumor effect in all group (Fig.5C). Upon NIR laser 

irradiation, however, the cell viability of AMDpIR-rGO treated SCC7 cells 

were higher than any other group (Fig.4B). More than 80 % of SCC7 cells 

were dead in AMDpIR-rGO treated group.
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Figure 4. In vitro cellular uptake test.

   Representative flow cytometry data (A), and quantitation of the 

fluorescence cellular intensity data (B) are presented.
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Figure 5. In vitro photothermal imaging and cell viability.

 SCC7 cells were untreated or treated with free IR-808, uncoated rGO, 

1R-808/rGO, AMDpIR-rGO. After 24 h incubation, the real-time temperature 

increases upon irradiation from untreated or the samples-treated cells were 

observed (A). The cell suspension temperature was measured using the FLIR 

QuickReport 1.2 software (B). The cell viability was measured by MTT assay 

after irradiation (C).
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3. 4. In vivo tumor tissue distribution of AMDpIR-rGO

After systemic administration, the tumor tissue distribution of 

AMDpIR-rGO was greater than that of any other groups (Fig. 6). At 1 h 

post-dose, the biodistribution of all groups was observed. At 24 h, 48 h, 120 

h and 168 h post-dose, the tumor tissue distribution of rGO, IR-808/rGO, 

AMDpIR-rGO was observed, with AMDpIR-rGO showing greater retention in 

tumor tissue. The group treated with AMDpIR-rGO showed the highest 

intensity of fluorescence in tumor tissue (Fig. 6A). At 24 h post-dose, photon 

count data revealed that the tumor tissue distribution of AMDpIR-rGO was 

2-fold higher than that of any other groups (Fig. 6B). 
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Figure 6. In vivo molecular imaging.

 

 In vivo biodistribution of uncoated rGO, 1R-808/rGO, AMDpIR-rGO. 

SCC7 tumor bearing mice were intravenously administered at a IR-808 dose 

1mg/kg. IR-808 works as a fluorescence dye (A). The In vivo biodistribution 

was visualized using a molecular imaging system (B). Quantification of 

average photon counts at the tumor site (n=3).
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3. 5. In vivo photothermal effect and antitumor effect of 

AMDpIR-rGO

  After systemic administration, the temperature increase of tumor sites 

was observed by IR thermal imaging (Fig. 7A,B). At 24 h post-dose, in 

tumor sites, the group treated with AMDpIR-rGO showed highest temperature 

increase after 3min of NIR irradiation (Fig. 7B). In the group treated with 

AMDpIR-rGO, the temperature of tumor site was 47.5 ± 0.6 oC (Fig. 7C).
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Figure 5. In vivo efficacy test and photothermal imaging.

  

 The appearance of tumor sites (A). After irradiation with 808 nm laser, 

the temperature changes at the tumor sites were visualized by real-time 

infrared thermal imaging (B). The temperature of the tumor sites was 

measured using the FLIR QuickReport 1.2 software (C).
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Ⅳ. Discussion

In this study, we demonstrated that co-delivery of AMDpIR and rGO has 

higher photothermal potency than single-delivery of Free AMDpIR. The 

IR-808 which is photosensitizer part of AMDpIR was easily decomposed by 

NIR laser irradiation. The photo-stability of free form AMDpIR could be 

enhanced by loading onto rGO nanosheets. So, IR-808/rGO and 

AMDpIR/rGO showed similar photothermal potency in vitro. However, in 

vivo study, AMDpIR/rGO showed higher photothermal effect than IR-808/rGO 

beacause of perAMD which is CXCR4 targeting moiety of AMDpIR.

AMDpIR was prepared by physical adsorption of IR-808 onto rGO 

nanosheets. The rGO nanosheets have high loading capacities via π–π 

stacking and/or hydrophobic interactions [11]. The aromatic rings of IR-808 

could be interacted with rGO by π–π stacking and/or hydrophobic 

interactions. Previously, Loading of amino acids which has aromatic ring was 

reported on graphene nanosheets [12]. Thus, IR-808 which is part of 

AMDpIR is expected to anchor AMDpIR to rGO nanosheets. After loading 

AMDpIR onto rGO nanosheets, the particle size and polydispersity index 

were similar to unloaded rGO nanosheets. Loading AMDpIR did not affect 

particle size and polydispersity index. The size of unloaded rGO nanosheets 

and AMDpIR-rGO were 94 ± 3.8 nm and 98.8 ± 0.4 nm, respectively.

We observed that the photo-stability of AMDpIR could be highly 

increased by loading onto rGO nanosheets. IR-808 which is part of AMDpIR 

has high absorption in NIR range. At 10 min post-irradiation, the NIR 

absorption peak of free form AMDpIR was rapidly disappeared by absorbing 

energy from NIR laser. ICG which is cyanine dye has been known to be 
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decomposed by NIR light. [13] IR-808 has same analog of ICG. So, 

AMDpIR might be decomposed into small fragments and lost its NIR 

absorption peak. rGO nanosheets could capture the singlet oxygen which is 

electron donor [14]. The singlet oxygen could react with double bonds of the 

IR-808 structure and oxidize the IR-808 itself, causing its decomposition by 

dioxetane reaction [14]. So, quenching of singlet oxygen by rGO nanosheets 

may increase the photo-stability of AMDpIR [15], [16]. Due to increasing 

photo-stability, AMDpIR could be used as either fluorescence imaging agent 

or photothermal therapy.

The photosensitizer loaded rGO nanosheets showed higher themal 

conductivity than free form of photosensitizer or unloaded rGO nanosheets. 

The high photothermal effect and anticancer effect were shown not only 

photosensitizer but rGO nanosheets [17]. The photothermal property of rGO 

nanosheets could induce cell killing by oxidative stress and mitochondrial 

membrane depolarization [17]. IR-808/rGO and AMDpIR-rGO showed similar 

photothermal effect because perAMD which is targeting part of AMDpIR did 

not affect photothermal potency. However, in vitro studies, AMDpIR-rGO 

showed higher photothermal effect. The higher SCC7 cell-killing effect in 

vitro and vivo can be illustrated by the higher cellular uptake of 

AMDpIR-rGO via perAMD which is targeting part of AMDpIR. AMD3100 is 

already known as antagonist of CXCR4 which is chemokine receptor [18]. 

So, AMD3100 could be used for CXCR4 targeting [19]. The perAMD can 

be uptaken via CXCR4 on SCC7 cells. The AMDpIR-rGO could more 

efficiently deliver IR-808 into CXCR4-overexpressed SCC7 cells. Similar to 

cellular uptake pattern, the in vitro anti-tumor activity of AMDpIR-rGO 
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showed the highest SCC7 cell-killing effect. This result is associated with in 

vitro photothermal effect. When temperature was reached to 50-52 oC for 4-6 

min, the cellular damage occurred due to the denaturation of proteins [20]. 

The temperature of SCC7 cells treated with AMDpIR-rGO was about 60 oC. 

So, the cellular protein was probably denatured.

Thanks to perAMD, the group of SCC7 eells treated with AMDpIR-rGO 

showed the highest tumor accumulation. For visualizing in vivo tumor tissue 

distribution of AMDpIR-rGO, we used IR-808 as an imaging probe. Before 

cellular uptake, the fluorescence of IR-808 was quenched by rGO nanosheets. 

However, when celluar uptake occurred, IR-808 might be detached from rGO 

nanosheets. Then, we could monitor the distribution of AMDpIR-rGO. After 

internalization of nanoparticles into cells, the endosomes which the 

nanoparticles located in is fused with lysosomes [21]. Because of the 

carboxyl groups, the negative charges of rGO increase in the acidic pH of 

endolysosomes. Then, both negatively charged rGO and AMDpIR may grow 

apart due to increased electrostatic repulsion. Consistent with in vitro study, 

SCC7 tumor-bearing mice treated with AMDpIR-rGO showed higher 

temperature increase than any other groups. This result is probably due to the 

higher distribution of AMDpIR-rGO to tumor site. For reasons mentioned 

above, the perAMD which is targeting moiety for CXCR4 could be an 

instrument for distributing to the CXCR4-overexpressing SCC7 tumor tissue 

more effectively.

The in vivo antitumor effects of AMDpIR-rGO was greater than any 

other groups. This outcome is associated with the amount of distribution and 

prolonged retention of AMDpIR-rGO in tumor tissues. In vivo imaging, the 
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photon counts data revealed that the tumor tissue distribution of 

AMDpIR-rGO was 2-fold higher than that of any other groups. In addition, 

the real-time IR thermal imaging showed that the temperature of tumor 

tissues treated with AMDpIR-rGO was reached to 47.5 ± 0.6 oC. To occur 

cellular damage, the temperature should be elevated to 50-52 oC. The 

converted heat generated by AMDpIR-rGO after NIR irradiation is highly 

localized to the surface [22]. Because of this reason, the surface temperature 

of rGO nanosheets would be higher than 50-52 oC, and the proteins of SCC7 

cells close to rGO nanosheets surface is likely to be severely denatured. 

Thus, the photothermal activity of AMDpIR-rGO could induce irreversible cell 

deaths.
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Ⅴ. Conclusion

 In this study, we identified graphene-based photothermal nanoplatform 

for delivery of IR-808 could improve the photothermal potency. Co-delivery 

of IR-808 and reduced graphene nanosheets has improved photothermal 

potency than single-delivery of free IR-808. The photo-stability of IR-808 

enhance by loading onto reduced graphene nanosheets. Also, the AMD 

derivative was used for IR-808 delivery vehicle to CXCR4-overexpressing 

xenograft tumor. The AMD derivative enhance tumor targeting effect, cellular 

internalization and subsequent photothermal tumor destruction efficacy. Our 

results demonstrate that a graphene-based targeted photothermal nanoplatform 

could be as a new approach for cancer treatment.
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Abstract (in Korean)

환원 그래핀 나노시트를 이용한 
광열 항암 치료

민현호, 약학과 물리약학전공, 약학대학, 서울대학교

이 논문은 환원된 그래핀 나노시트 (rGO)를 이용하여 근

적외선 형광물질의 전달로 인한 항암치료효과에 대해 소

개하고 있다. 본 연구에서는 808nm 근적외선에 감응하는 

IR-808을 이용하였다. 또한 표적 항암 치료를 위하여, 암

세포 표면에 과발현된 CXCR4를 표적으로하는 AMD 3100

유도체를 근적외선 형광물질인 IR-808과 합성하였다 

(AMDpIR). AMDpIR을 rGO에 탑재하여 (AMDpIR-rGO), 암

세포내로 전달한 후, 외부에서 근적외선을 조사하여 rGO

와 IR-808의 상승적인 광열효과를 유도하였다. IR-808

은 근적외선을 조사할 경우 singlet oxygen (1O2)을 생성

하는데, 생성된 1O2에 의해 IR-808의 구조가 파괴된다. 

그러나 IR-808을 rGO에 탑재할 경우 1O2가 rGO에 부착

되어 IR-808의 구조에 관여할 수 없게 된다. 이로 인해 

rGO에 탑재할 경우 IR-808 단독 사용될 경우와 비교하
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여 근적외선 조사 하에서 높은 광안정성을 보였고, 그 결

과 IR-808의 구조가 오랫동안 유지되어 광열효과 또한 

증가함을 보였다. 마지막으로 생체 내에서의 효능을 평가

하기 위해 SCC-7 종양세포를 이식한 쥐의 분자영상을 

촬영한 결과 AMDpIR-rGO를 투여한 그룹이 다른 그룹에 

비해 2배 이상의 높은 종양 조직 내 축적효과를 보였다. 

또한 근적외선을 조사하였을 시 종양 조직에서 국소적으

로 온도가 가장 높았고, 종양성장을 억제하는 효과 역시 

높은 양상을 나타냈다. 이처럼 본 연구에서는 rGO에 의한 

근적외선의 광안정성 및 광열효과 증가와 전달체의 표적

능 향상으로 표적 항암 치료제로서의 가능성을 확인하였

다.

Key words: Tumor targeting, Reduced graphene nanosheets, 

Near infrared light, Photo stability, Photothermal effect

학 번 : 2013-23460
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