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Abstract 

    A photosensitizer (Chlorin e6, Ce6) nanoconjugate based on human 

serum albumin (HSA) was designed and prepared for tumor cell targeted 

photodynamic therapy. The resulting nanoconjugates consisted of multiple 

cyclic Arg-Gly-Asp-D-Tyr-Cys peptides (cRGD) and about 5.4 Ce6 on each 

HSA molecule (RGD-HSA-Ce6). RGD-HSA-Ce6 exhibited small size with a 

mean diameter of 31.1 nm and negative charge with -15.9mV. Due to the 

incorporation of targeting moiety, RGD-HSA-Ce6 could be specifically 

recognized by αvβ3 integrin overexpressed tumor cells, as well as internalized 

into late endosomes and lysosomes efficiently. In addition, RGD-HSA-Ce6 

exhibited low dark toxicity in both tumor and normal cell lines. Upon 

photo-irradiation, RGD-HSA-Ce6 exhibited high phototoxicity against αvβ3 

integrin overexpressed A375 melanoma cells, indicating the considerable 

potential for effective photodynamic therapy. Combined with the low 

phototoxicity to normal fibroblast 3T3 cells, RGD-HSA-Ce6 developed in this 

study may provide an effective tool for targeted photodynamic therapy to tumor 

cells. 
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1. Introduction 

   Photodynamic therapy (PDT) employs three essential elements to induce 

cell death: photosensitizer (PS), light of particular wavelength, and oxygen.1 In 

general, the activated PS reacts directly with oxygen to form cytotoxic singlet 

oxygen that damages lipids, proteins and other cellular components.2, 3 As 

singlet oxygen is short-lived and has very short diffusion distance,4, 5 its 

cytotoxicity depends largely on the localization of photosensitizer upon 

photo-irradiation.6 However, the clinical application of PDT is limited due to 

poor solubility and low tumor selectivity of PSs.7-10 Therefore, many 

researchers made efforts to render PSs more hydrophilic or tumor-targeting 

through chemical modifications or nanosized delivery systems.11-13  

   Human serum albumin is abundant in plasma and it keeps quite stable in 

the pH range 4-9.14-17 These properties, as well as its excellent biocompatibility 

make HSA an ideal carrier for drug/photosensitizer delivery.18, 19 For instance, 

Jeong et al. incorporated Ce6, a photosensitizer, into albumin nanoparticles 

(Ce6-HSA-NPs) for PDT.20 The formulation of nanoparticles increased the 

solubility of Ce6 in aqueous solution. However, Ce6-HSA-NPs did not exhibit 

improved singlet oxygen generation and PDT activity in vitro when compared 

with free Ce6, which was likely due to the lack of tumor-targeting of 

Ce6-HAS-NPs. To further develop a more effective PDT, introducing 

tumor-targeting moiety into photosensitizer delivery systems is really 

necessary. 

   Integrin αvβ3 has crucial roles in tumor angiogenesis and metastasis, and 

is overexpressed on tumor new-blood vessels and some tumor cells, which 

makes αvβ3 integrin a suitable target for tumor therapy.21-23 Arg-Gly-Asp (RGD) 

peptide could selectively bind αvβ3 integrin for effectively tumor-targeting 

delivery.24-27 For instance, RGD peptide conjugated to NIR fluorescent dye 

could specifically target integrin both in vitro and in vivo.28 In addition, RGD 

grafted polymeric nanoparticles showed higher affinity to αvβ3 integrin 
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overexpressed tumor cell lines than non-targeted nanocarriers.29-31 

    In this study, we modified albumin with multiple targeting moiety cRGD 

which can selectively bind to αvβ3 integrin overexpressed on tumor cells. Then 

photosensitizer Ce6 molecules were covalently conjugated to the cRGD 

functionalized HSA to form RGD-HSA-Ce6 nanoconjugates. The obtained 

RGD-HSA-Ce6 was characterized in terms of size, zeta potential, and singlet 

oxygen generation. The cellular uptake and trafficking of RGD-HSA-Ce6 were 

also evaluated. In vitro studies demonstrated that RGD-HSA-Ce6 

preferentially internalized into αvβ3 integrin overexpressed A375 tumor cells 

and localized in the late endosomes and lysosomes. Finally, RGD-HSA-Ce6 

exhibited significantly higher laser-triggered phototoxicity to A375 cells 

compared to fibroblast 3T3 cells with lower αvβ3 integrin expression. These 

results indicated that RGD-HSA-Ce6 was an attractive photosensitizer delivery 

system for targeted PDT. 
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2. Materials and methods: 

2.1 Materials 

    Human serum albumin (≥96%, pharmaceutical grade) was obtained from 

CSL Behring GmbH (Marburg, Germany). cRGD was obtained from GL 

Biochem Ltd (Shanghai, China). EDC, Sulfo-NHS and Ce6 were purchased 

from Sigma-Aldrich Co., LLC (USA). Mal-PEG5K-NHS was purchased yarebio 

Ltd (Shanghai, China). Sephadex LH-20 was purchased from GE Healthcare 

(PA, USA). Cell counting kit-8 (CCK-8) was supplied by Dojindo Laboratories 

(Kumamoto, Japan). Singlet oxygen sensor green (SOSG) was obtained from 

Life Technologies. CellLight® Early Endosomes-GFP, Late Endosome-GFP, 

Lysosome-GFP and Mitochondria-GFP were obtained from Life Technologies 

(Rockford, USA). 

 

2.2 Preparation and characterization of RGD-HSA-Ce6 

    Human serum albumin and Mal-PEG5K-NHS were mixed at 1:15 

molar ratio in PBS (pH 7.4) at room temperature for 1h. Then cRGD was 

added to conjugate with the maleimide group of PEG for another 1h at the 

molar ratio of cRGD to HSA as 20:1. Ce6 was dissolved in DMSO, and 

activated by incubating 5 molar equivalents of EDC and Sulfo-NHS overnight. 

After that, activated Ce6 was added into the above RGD-HSA conjugates with 

an 8:1 molar ratio of Ce6 to HSA and the solution were gently stirred for 12h in 

dark at room temperature. The conjugated RGD-HSA-Ce6 was purified with 

column chromatography. For the purification, the crude products were 

chromatographed using a column filled with Sephadex LH-20 as the stationary 

phase and mixed methanol/water (v/v=1:4) solvent served as the mobile phase. 

The fraction of RGD-HSA-Ce6 was easily eluted from the column because 

there was not obvious binding between RGD-HSA-Ce6 and LH-20 medium. 

Due to the hydrophobic binding between free Ce6 and LH-20 medium, 

methanol should be used to elute the bound free Ce6. Then the obtained 
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RGD-HSA-Ce6 was concentrated under speed vacuum and the Ce6 content 

of RGD-HSA-Ce6 was measured at the 403nm absorption peak.  The 

concentration of albumin of RGD-HSA-Ce6 conjugates was detected by BCA 

assay.  

The fluorescence of free Ce6 and RGD-HSA-Ce6 (10µM of Ce6) was 

detected by Fluorescence Spectroscopy (RF-5301, Shimadzu Scientific 

Instruments). Ce6 and RGD-HSA-Ce6 were distributed in PBS or 

PBS/Methanol (v/v=1/1) mixed solvent, respectively.  

Fluoraldehyde™ o-Phthaldialdehyde Crystals (OPA, Thermo Scientific) 

was used to detect the primary amine of HSA, RGD-PEG-HSA and 

RGD-HSA-Ce6. OPA could react with primary amine of protein to yield 

fluorescent derivatives (ex/em = 340nm/455nm). In each group, 200µl OPA 

reagent was mixed with 20 µl sample of each group containing 5µM albumin. 

Then fluorescence was detected by Tecan microplate reader (Switzerland). 

    To compare the singlet oxygen generation of RGD-HSA-Ce6 and free 

Ce6 (5µM of Ce6), the singlet oxygen sensor green (SOSG) was introduced at 

a concentration of 2.5µM. Singlet oxygen was produced by photo-irradiation 

with a 670nm laser with the intensity of 5mW/cm2. After photo-irradiation, 

SOSG fluorescence was read at an excitation and emission of 488 and 525 nm, 

respectively, to determine the singlet oxygen generation of RGD-HSA-Ce6 and 

free Ce6. The hydrodynamic size and zeta potential of RGD-HSA-Ce6 were 

measured by Zetasizer Nano (Malvern Instruments, Malvern, UK). The 

morphology of RGD-HSA-Ce6 was observed using a Transmission Electron 

Microscope (TEM, JEM-200CX, JEOL). 

 

 

2.3 Cell culture and intracellular uptake 

    To test the targeting effect of RGD-HSA-Ce6, A375 cells (human 

melanoma) with overexpressed αvβ3 integrin on the cellular membrane were 

chosen as integrin-positive tumor cell line, while 3T3 cells (mouse fibroblasts) 
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with low αvβ3 integrin expression were used as the negative control. A375 and 

3T3 cells were both cultured in DMEM medium +10% FBS and 1% 

penicillin/streptomycin at 37°C and 5% CO2. After attachment, A375 cells and 

3T3 cells were treated with 200nM of free Ce6 or RGD-HSA-Ce6. Free cRGD 

was used for blocking αvβ3 integrin. 12h later, cells were rinsed by PBS, then 

trypsinzed, and resuspended in fresh culture medium. Flow cytometry was 

performed to detect the Ce6 fluorescence (Excitation: 405nm, Emission: 

670/20nm).  

    Confocal microscopy was also used to detect the cellular uptake of free 

Ce6 and RGD-HSA-Ce6. A375 cells were seeded in glass-bottom dishes. 

Following incubation with 500nM of free Ce6 and RGD-HSA-Ce6 with or 

without free cRGD (10μM), the cells were rinsed with PBS and live cell images 

were captured with a confocal microscope (Olympus FV1000). 

 

2.4 Intracellular distribution 

    Live cell confocal microscopy was performed to examine the subcellular 

distribution of RGD-HSA-Ce6 nanoconjugates. A375 cells were seeded in 

glass-bottom dishes and transfected with baculovirus expression vectors for 

GFP chimeras of early endosome (Rab 5), late endosome (Rab 7), lysosome 

(lysosome-associated membrane glycoprotein 1) and mitochondria (E1 alpha 

pyruvate dehydrogenase). After attachment, RGD-HSA-Ce6 was added to 

reach 400nM of Ce6 in the culture medium and the cells were treated for 12h. 

Then A375 cells were rinsed with PBS and images were captured with a 

confocal microscope (Olympus FV1000) and merged to determine the 

intracellular distribution of the nanoconjugates. 

 

2.5 Cytotoxicity of RGD-HSA-Ce6 

    Dark toxicity. A375 and 3T3 cells (5,000 cells per well in 96-well plates) 

were incubated with free Ce6 or RGD-HSA-Ce6 (50, 100, 200, 400 and 800nM 

of Ce6) at 37°C for 48h. After that, cell viability was measured by CCK-8 (Cell 
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Counting Kit-8) assay. CCK-8 was added into each well and incubated for 2 

hours, and then was detected by measuring the absorption at 450nm using a 

micro plate reader (Safire, TECAN, USA). Cells without any treatment were set 

as control. 

    Phototoxicity. A375 and 3T3 cells (5,000 cells per well in 96-well plates) 

were incubated with free Ce6 or RGD-HSA-Ce6 (50, 100, 200, 400 and 800nM 

of Ce6) at 37°C for 12h. Then cells were rinsed twice with fresh culture 

medium and then photo-irradiated with 670nm laser (5mW/cm2) for 20min. 

After 24h incubation, cell viability was measured using CCK-8 assay and cells 

without any treatment were set as control.  

Photo-irradiation time dependent Phototoxicity. A375 cells (5,000 cells per 

well in 96-well plates) were incubated with RGD-HSA-Ce6 (400nM of Ce6) at 

37°C for 12h. Then cells were rinsed twice with fresh culture medium and then 

photo-irradiated with 670nm laser (5mW/cm2) for 0, 5, 10, 20 and 40min, 

respectively. After 24h incubation, cell viability was measured using CCK-8 

assay. Cells without any treatment were set as control.  

 

2.6 Data analysis 

Data are expressed as mean ± SD. Statistical significance was evaluated 

using t-test for two-sample comparison. * and ** represent p<0.05 and p<0.01, 

respectively. 
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3. Results and discussion 

3.1 Preparation of RGD-HSA-Ce6 

As shown in Fig.1, Surface amino groups of albumin were reacted with the 

bifunctional reagent Mal-PEG5K-NHS. After that, the maleimide groups of 

Mal-PEG5K-NHS were reacted with thiol-containing cyclic RGD peptide. Then 

activated Ce6 (Ce6-NHS) was conjugated onto the residual amino groups of 

albumin to form RGD-HSA-Ce6. The concentration of Ce6 (CCe6) and 

concentration of HSA (CHSA) of RGD-HSA-Ce6 nanoconjugates were 

measured at the 403nm absorption peak and BCA assay, respectively. The 

amount of Ce6 per HSA was obtained from CCe6/CHSA. The results indicated 

that about 5.4 Ce6 molecules were conjugated on each HSA. 

 

3.2 Characterization of RGD-HSA-Ce6 

   The fluorescence of free Ce6 dissolved in PBS/Methanol mixed solvent 

was much higher than that in PBS, which indicated that most of free Ce6 

aggregated in aqueous solution and was dispersed into mixed solvent. In 

contrast, there was no significant difference between the Ce6 fluorescence of 

RGD-HSA-Ce6 in PBS or mixed solvent (Sfig. 1). This result indicated that the 

conjugated Ce6 molecules onto albumin would not be changed by organic 

solvent. In addition, Fluoraldehyde™ o-Phthaldialdehyde Crystals was used to 

compare the primary amine of HSA, RGD-PEG-HSA and RGD-HSA-Ce6 with 

equimolar albumin. Primary amine of unmodified HSA was set as 100%. After 

modification with PEG and Ce6, primary amine on the surface of albumin 

gradually decreased to 43.1% and 7.6%, respectively (Sfig. 2). 

To investigate the singlet oxygen generation of RGD-HSA-Ce6 in aqueous 

media, the fluorescence of SOSG before and after photo-irradiation was 

measured. The singlet oxygen yield of RGD-HSA-Ce6 in aqueous media was 

approximately 2.3-fold higher than that of free Ce6, which may be attributed to 

the prevention of Ce6 aggregation in nanoconjugates (Fig. 1b). The average 

Page 9 of 20 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

hydrodynamic diameter and zeta potential of RGD-HSA-Ce6 were 31.1nm and 

-15.9mV, respectively (Fig. 1c and 1d). Due to the suitable physical properties, 

RGD-HSA-Ce6 could avoid quick clearance from reticular-endothelial 

system.32 TEM image (Sfig. 3) indicated that RGD-HSA-Ce6 was 

approximately spherical with diameter of about 15-30nm. The slightly smaller 

size in TEM than DLS was originated from the increase of hydrodynamic 

volume of nanoconjugates in aqueous condition. The obviously larger diameter 

of RGD-HSA-Ce6 than unmodified HSA was mainly due to the addition of a 

PEG coat.33-35 

 

 

 

Figure 1: Characterization of targeted nanoconjugates RGD-HSA-Ce6. (a) 

Schematic graph of RGD-HSA-Ce6. (b) Change of SOSG fluorescence due to 

singlet oxygen generation by RGD-HSA-Ce6 and free Ce6. Both samples 

were photo-irradiated for 0, 1, 2, 3, 4 and 5min, respectively (n=3). (c) Particle 

size distribution and (d) Zeta potential of RGD-HSA-Ce6. 

 

3.3 Intracellular uptake of targeted RGD-HSA-Ce6 nanoconjugates 

    To compare the tumor-targeting effect of RGD-HSA-Ce6, A375 melanoma 

cell line with overexpressed αvβ3 integrin was chosen as integrin-positive cell 

Page 10 of 20RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

line.36, 37 Intracellular uptake of free Ce6 and RGD-HSA-Ce6 was evaluated by 

incubating with A375 cells for 12h and then detecting by using flow cytometry 

and confocal microscopy. As shown in Fig. 2, RGD-HSA-Ce6 exhibited 

significantly higher cellular uptake than free Ce6, suggesting the potential 

tumor-targeting property of RGD-HSA-Ce6. Receptor blocking experiment was 

also performed to investigate the uptake profile of RGD-HSA-Ce6. The results 

indicated that the uptake of RGD-HSA-Ce6 by A375 cells was effectively 

inhibited when A375 cells were incubated with both RGD-HSA-Ce6 and free 

cRGD (10μM), a selective inhibitor of integrin αvβ3. This result demonstrated 

that the selective uptake of RGD-HSA-Ce6 by A375 cells was induced by 

overexpressed αvβ3 on tumor cells.  

 

Figure 2: Flow cytometry of intracellular uptake in A375 cells.  200nM of free 

Ce6 and targeted RGD-HSA-Ce6 nanoconjugates were incubated with A375 

cells for 12h and then detected by flow cytometry. 10µM of free RGD was used 

for selectively blocking αvβ3 integrin. Inset: Quantification of Ce6 fluorescence 

of each group, data was represented as mean ±SD, n=3, ** p<0.01. 

 

    Confocal fluorescent staining was used to further detect intracellular 

uptake of RGD-HSA-Ce6 by A375 (figure. 3). Ce6 fluorescence (red signal) in 

A375 cells was observed 12h after incubation with free Ce6 or RGD-HSA-Ce6. 

It was obvious that the red fluorescence in free Ce6 group was much weaker 

than that in RGD-HSA-Ce6 group. In addition, the red fluorescent signal of 

RGD-HSA-Ce6 was dramatically reduced when the integrin αvβ3 is selectively 
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blocked with the excess cRGD (10μM), which is consistent with the results 

obtained from flow cytometry.  

 

Figure 3: Confocal images of intracellular uptake in A375 cells. Free Ce6 

(500nM) and targeted RGD-HSA-Ce6 nanoconjugates (500nM of Ce6) were 

incubated with A375 cells for 12h. 10µM of free RGD was used for blocking 

αvβ3 integrin. Scale bar, 50µm. 

 

To further confirm the tumor-targeting property of RGD-HSA-Ce6, uptake of 

RGD-HSA-Ce6 was also evaluated in a fibroblast cell line (3T3 cells) in which 

the expression level of integrin αvβ3 was much lower. As shown in Fig. 4, free 

Ce6 and RGD-HSA-Ce6 showed similar cellular uptake and free cRGD did not 

showed significant inhibition of the RGD-HSA-Ce6 uptake by 3T3. All these 

results support the concept that targeted RGD-HSA-Ce6 exhibited enhanced 

cellular uptake depending on the αvβ3 integrin mediated endocytosis.  
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Figure 4: Flow cytometry of intracellular uptake in 3T3 cells. 200nM of free Ce6 

and targeted nanoconjugates RGD-HSA-Ce6 were incubated with 3T3 cells for 

12h and then detected by flow cytometry. 10µM of free RGD was used for 

blocking αvβ3 integrin. Inset: Quantification of Ce6 fluorescence of each group, 

data was represented as mean ±SD, n=3, NS no significance. 

 

3.4 Intracellular distribution of RGD-HSA-Ce6 

   To further understand the cellular trafficking of the targeted RGD-HSA-Ce6, 

we utilized chimeras of GFP with marker proteins for specific organelles to 

visualize the subcellular distribution of RGD-HSA-Ce6 in A375 cells. As seen 

in Fig. 5, there was considerable co-localization of the fluorescent 

nanoconjugates with late endosomal and lysosomal GFP markers, indicating 

that RGD-HSA-Ce6 was mainly transported into late endosomes and 

lysosomes. In contrast, there was little co-localization of fluorescent 

RGD-HSA-Ce6 with the early endosomal and mitochondrial GFP marker.  
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Figure 5: Subcellular localization of RGD-HSA-Ce6. A375 cells were 

transfected with GFP chimeras that serve as markers for early endosome, late 

endosome, lysosome and mitochondria. Then cells were incubated with 

RGD-HSA-Ce6 (400nM of Ce6) for 12h. Live cells were observed by confocal 

microscopy. Red, Ce6 fluorescence; Green, GFP fluorescence. Scale bar, 

20µm. 

 

As shown in Fig.6, the colocalization between RGD-HSA-Ce6 and different 

organelles was observed by using Pearson’s correlation coefficient (PCC). In 

the late endosome and lysosome groups, the mean PCC value were 0.67 and 

0.52, respectively, which were significantly higher than that in early endosome 

and mitochondria (0.09 and 0.04). These results further confirmed that 

RGD-HSA-Ce6 was primarily located in late endosomes and lysosomes after 

endocytosis.  

Page 14 of 20RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Photo-irradiation of RGD-HSA-Ce6 within tumor cells would generate 

singlet oxygen that caused oxidative stress to cells. As the half-life and 

diffusion distance of singlet oxygen were about 0.04µs and 0.02µm, 38, 39 the 

primary photodynamic damage of RGD-HSA-Ce6 would mainly occur in the 

late endosomes and lysosomes, in which organelles they were located. Then 

the photo triggered damage would induce lysosomal membrane 

permeabilization, release of cathepsins and subsequent cell death.40 

 

Figure 6: Quantification of Pearson’s correlation coefficient between GFP and 

Ce6 fluorescence. The data was depicted as mean ± SD, n=10, ** p<0.01 and 

NS no significance.  

 

3.5 Cytotoxicity of RGD-HSA-Ce6 with or without photo-irradiation 

To investigate the dark cytotoxicity, free Ce6 and RGD-HSA-Ce6 were 

added to A375 cells at different concentrations (50 to 800nM of Ce6). Both free 

Ce6 and RGD-HSA-Ce6 did not exhibit obvious cytotoxicity in dark (Fig. 7a). In 

order to investigate the laser triggered photocytotoxicity, A375 cells were 

incubated with free Ce6 and RGD-HSA-Ce6 (50, 100, 200, 400 and 800nM) 

and photo-irradiated with a 670nm laser (5mW/cm2) for 20 min. The results 

indicated that treatment with free Ce6 and photo-irradiation did not exhibit 

significant cytotoxicity to A375 cells, which was likely due to the poor cellular 

uptake of free Ce6. However, RGD-HSA-Ce6 exhibited obvious 

concentration-dependent phototoxicity to A375 cells, which was significantly 
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higher than free Ce6 (Fig. 7b). In addition, the phototoxicity of RGD-HSA-Ce6 

depends on the photo-irradiation time (Fig. 7c).  

When compared to free Ce6, RGD-HSA-Ce6 induced more potent PDT to 

tumor cells, which could be ascribed to higher singlet oxygen generation (Fig. 

1b) and enhanced intracellular uptake (Fig. 2). Notably, our results were in 

contrast with those of Jeong et al, which reported that free Ce6 and 

Ce6-HSA-NPs showed similar phototoxicity to tumor cells.41 This difference 

should be attributed to the RGD mediated integrin targeting.  

 

 

Figure 7: (a) In dark cytotoxicity of free Ce6 and RGD-HSA-Ce6 in A375 cells, 

n=4. (b) Phototoxicity of free Ce6 and RGD-HSA-Ce6 in A375 cells, n=4. (c) 

Photo-irradiation time dependent cytotoxicity of RGD-HSA-Ce6 in A375 cells, 

mean ±SD, n=4, * p<0.05. 

 

Similarly, in dark, free Ce6 and RGD-HSA-Ce6 did not exhibit obvious 

cytotoxicity to 3T3 cells (Fig. 8a). When the concentration was below 400nM, 

both free Ce6 and RGD-HSA-Ce6 did not show obvious phototoxicity to 3T3 

cells upon photo-irradiation. When the concentration increased to 800nM, 

RGD-HSA-Ce6 only exhibited slight phototoxicity when compared with free 

Ce6 (Fig. 8b). These results may be attributed to the low αvβ3 integrin 

expression on the 3T3 cells and subsequent insufficient cellular uptake of both 

free Ce6 and RGD-HSA-Ce6.  
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Figure 8: (a) In dark cytotoxicity of free Ce6 and RGD-HSA-Ce6 in 3T3 cells, 

n=4. (b) Phototoxicity of free Ce6 and RGD-HSA-Ce6 in 3T3 cells, mean ±SD, 

n=4, * p<0.05. 

 

These results showed that RGD-HSA-Ce6 was highly specific to αvβ3 

integrin overexpressing tumor cells, but low phototoxic to normal cells without 

high αvβ3 integrin expression. During PDT, minimizing normal cells and tissue 

damage was as important as efficiently killing tumor cells.42 Therefore, our 

prepared RGD-HSA-Ce6 might have potential as an in vivo photodynamic 

therapeutic agent. 
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4. Conclusion  

   In summary, we successfully prepared RGD-HSA-Ce6 for tumor targeted 

photodynamic therapy. RGD-HSA-Ce6 was small size, negative charge and 

non-toxic in dark. It also exhibited significantly enhanced cellular internalization 

via αvβ3 integrin mediated endocytosis, and mainly located in late endosomes 

and lysosomes. Upon photo-irradiation, RGD-HSA-Ce6 produced sufficient 

singlet oxygen to induce cell death in αvβ3 integrin overexpressed tumor cell 

line, but not in normal cell line with low αvβ3 integrin overexpression. 
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