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Abstract
AIM: To investigate the effects of photodynamic ther-
apy with quantum dots-arginine-glycine-aspartic acid 
(RGD) probe as photosensitizer on the proliferation and 
apoptosis of pancreatic carcinoma cells.

METHODS: Construction of quantum dots-RGD probe 
as photosensitizer for integrin-targeted photodynamic 
therapy was accomplished. After cells were treated 
with photodynamic therapy (PDT), the proliferation 
of SW1990 cells were measured by methyl thiazolyl 
tetrazolium assay. Morphologic changes, cell cycle re-
tardance and apoptosis were observed under fluoro-
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scope and flow cytometry. The expression of myeloid 
cell leukemia-1 (Mcl-1), protein kinase B (Akt) and 
tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL) mRNA were detected by reverse transcription-
polymerase chain reaction. The amount of reactive oxy-
gen species were also evaluated by fluorescence probe. 

RESULTS: The photodynamic therapy with quantum 
dots-RGD probe as photosensitizer significantly inhib-
ited cell proliferation (P  < 0.01). Apoptotic cells and 
morphologic changes could be found under optical 
microscope. The FCM revealed PDT group had more 
significant cell apoptosis rate compared to control cells 
(F  = 130.617, P  < 0.01) and cell cycle G0/G1 and S re-
tardance (P  < 0.05) compared to control cells. The ex-
pression of Mcl-1 and Akt mRNA were down-regulated, 
while expression of TRAIL mRNA was up-regulated af-
ter cells treated with PDT. PDT group had more signifi-
cant number of cells producing reactive oxygen species 
compared to control cells (F  = 3262.559, P  < 0.01). 

CONCLUSION: The photodynamic therapy with quan-
tum dots-RGD probe as photosensitizer significantly 
inhibits cell proliferation and increases apoptosis in 
SW1990 cells. 

© 2013 Baishideng. All rights reserved.
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Core tip: Arginine-glycine-aspartic acid (RGD), sequence 
of small peptide, is an integrin antagonist. Quantum 
dots are characterized by conjugation with antibodies, 
peptides, or small molecules. Therefore, the construc-
tion of RGD-coupled quantum dots fluorescence probe 
allows for successful combination to integrin. Photo-
dynamic therapy with a quantum dots-RGD probe, as 
a photosensitizer, significantly inhibits cell proliferation 
and increases apoptosis in SW1990 cells.
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INTRODUCTION
Pancreatic adenocarcinoma ranks as the fourth most 
common cause of  cancer death in the United States. 
Patients usually present late with advanced disease, limit-
ing attempted curative surgery to 10% of  cases. Overall 
prognosis is poor with one-year survival rates of  less 
than 10% with palliative chemotherapy and/or radiother-
apy[1-3]. Given these dismal results, a minimally invasive 
treatment capable of  local destruction of  tumor tissue 
with low morbidity may have a place in the treatment of  
this disease. The photodynamic therapy is a treatment 
that has high specificity, minimal invasiveness and good 
cosmetic outcome, which produces local necrosis of  tis-
sue with light after prior administration of  a photosen-
sitising agent[4]. In the past few years, little studies have 
been reported in the literature about the photodynamic 
therapy (PDT) on pancreatic cancer treatment, especially 
for the targeted-PDT[5-7]. Integrins αvβ3 plays a critical 
role in regulating tumor growth and metastasis as well 
as tumor angiogenesis[8,9]. Arginine-glycine-aspartic acid 
(RGD) peptides is the integrin antagonist which can link 
to integrin[10-12]. Therefore, it makes the RGD coupled 
quantum dots (QDs) probe successful to image the pan-
creatic cancer. In order to further discuss the possibility 
of  PDT applied to pancreatic cancer treatment and its 
mechanism, we investigated the effects of  photodynamic 
therapy with quantum dots-RGD probe as photosen-
sitizer on the proliferation and apoptosis of  pancreatic 
carcinoma cells to provide a new prospect for the clinical 
treatment of  pancreatic cancer.

MATERIALS AND METHODS
Materials
Quantum dots-RGD probe synthesized by School of  
Materials Science and Engineering, Shanghai University. 
Pancreatic cell line SW1990 purchased from Chinese 
Academy of  Science. DEPC, Trizol, anhydrous ethanol, 
DAPI, MTT, DMSO, reactive oxygen species assay kit 
purchased from Beyotime institute of  Biotechnology. 
Annexin V-FITC/PI purchased from invitrogen. RPMI 
1640, 0.25% trypsin, fetal bovine serum,phosphate buff-
ered saline purchased from Gibco. Reverse transcription-
polymerase chain reaction (RT-PCR) assay kit purchased 
from Takara.

Methods
Quantum dots-RGD probe targeting research on 
pancreatic cancer cells: For laser confocal micros-

copy, cells grown on 35-mm two imaging dishes (Cat no. 
P35G-0-14-C, Ashland, MA, United States) were washed 
with PBS and then were incubated at 37 ℃ in the pres-
ence of  5 nmol/L quantum dots-RGD probe and probe 
with excessive RGD 1 μmol for 1 h. Afterward, cells were 
washed in ice-cold PBS, fixed by 4% paraformaldehyde 
and examined with simultaneous 543-nm excitation for 
laser confocal microscopy imaging. DAPI 2 μg/mL was 
utilized for the nuclear labeling localization which was 
incubated dark at room temperature for 15 min.

Methyl thiazolyl tetrazolium assay test: Cells grown 
on 96-well plates were divided into four groups, without 
QDs and light treated cells as blank control, pure light 
treated group, photosensitizer group, PDT group. Each 
group were set 10 double holes. Photosensitizer, PDT 
groups were incubated at 37 ℃ in the presence of  10 
nmol/L Qds-RGD integrin-targeted probe. Pure light 
treated and PDT groups were treated with the wave-
length of  690 nm laser, 20 J/cm2 for 20 min. Absorbance 
(A) value were measured at the wavelength of  490 nm. 
Cells growth were observed after treated 24, 48 and 72 h. 
Cells relative inhibition rate (%) = (1 - the average A val-
ue of  experimental group/the average A value of  control 
group) × 100%.

Morphologic changes in fluorescence microscopy: 
After treated 48 h, cells were fixed by 4% paraformalde-
hyde and incubated with DAPI 2 μg/mL. The morpho-
logical changes of  cells were examined under fluores-
cence microscope.

Cell cycle retardance and apoptosis observed by flow 
cytometry: Each group were set 5 double holes. After 
treated 48 h, cells apoptosis and cell cycle retardance were 
observed by flow cytometry. 

Reactive oxygen species test: Each group were set 3 
double holes. After treated 48 h, DCFH-DA probe was 
applied to detect the expression of  reactive oxygen spe-
cies of  four groups respectively.

Relative gene expression by RT-PCR test: According 
to the RT-PCR test kit procedure from Takara company, 
we observed the relative gene expression after PDT 
therapy. Gene primer sequences were synthesized by 
Shanghai Shenggong. Myeloid cell leukemia-1 (Mcl-1) 
primer forward 5’-AAAGCCTGTCTGCCAAAT-3’, 
reverse 5’-TATAAACCCACCACTCCC-3’, product frag-
ment 196 bp. Protein kinase B (Akt) primer: forward 
5’-AAGCACCGCGTGACCATGAA-3’, reverse 5’-TCT-
TAATGTGCCCGTCCTTG-3’, product fragment 445 
bp. Tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) primer: forward 5’-TGGCTAACT-
GACCTGGAA-3’, reverse5’-GGAAACCTGGAGGC-
TACT-3’, product fragment 415 bp. Internal reference 
primer glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) forward 5’-CATGGTCTACACGTTCCAGT-3’. Re-
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verse 5’-GGCTAAGCAGTTGGTGGTGC-3’, product 
fragment 349 bp. PCR reaction condition: 94 ℃ 3 min 
predenaturation, 94 ℃ 30 s, 55 ℃ 30 s, 72 ℃ 1 min (× 
35 cycles) 72 ℃ extend for 5 min. Afterwards, grayscale 
scanning analysis was made by means of  gel imaging 
analysis system. mRNA expression of  the target gene = 
average gray value of  specimens target gene/average gray 
value of  the same specimen GAPDH.

Statistical analysis
Quantitative data in accordance with the normal distribu-
tion were analyzed using the One-way ANOVA and Stu-
dent-Neuman-Keuls, otherwise using the non-parametric 
tests. SPSS 17.0 statistical software was used for analysis, 
and the significance level α was set at 0.05. 

RESULTS
Quantum dots-RGD probe targeting research on 
pancreatic cancer cells
The fluorescence expression of  SW1990 cells with the 
imaging of  QDS-RGD probe: QDS-RGD probe imag-
ing, original image, DAPI dyeing, and integrated image 
(Figure 1). 

The fluorescence imaging of  SW1990 cells with 
QDS-RGD probe at the block of  excess RGD peptide: 
QDS-RGD probe imaging, original image, DAPI dyeing, 
and integrated image (Figure 2).

Methyl thiazolyl tetrazolium assay test
After 24, 48 or 72 h incubation, the PDT group cells 
growth inhibition rate was all higher than that of  the con-
trol group, which makes statistically significant difference 
(F = 73.00, 85.10, 126.58, P < 0.01). While compared 
with the control group, the cell growth inhibition rate of  
light group and photosensitizer group had no significant 
difference (P > 0.05) (Table 1).

Morphologic changes in fluorescence microscopy
The cells nuclear morphologic changes in PDT group 
were corrugated under fluorescence microscopy. The 
nuclear of  partial cells became staining deepen, bright 
blue, fuzzy and obviously pyknotic. With time prolonged, 
a large number of  nuclear began to became dark, pyk-
notic and fragmentation. The remaining cells showed no 
significant change (Figure 3).

Cell cycle retardance and apoptosis observed by flow 
cytometry
After treated for 48 h, the cell apoptotic rate of  PDT 
group (17.86% ± 1.230%) was higher than the control 
(7.62% ± 1.219%), the light group (8.38% ± 0.277%) 
and the photosensitizer group (8.96% ± 0.673%), which 
made statistical difference (F = 130.617, P < 0.01, Figure 
4). Compared to the control, PDT group had cell cycle 
G0/G1 and S retardance (G0/G1 69.14% ± 2.63% vs 
55.74% ± 2.82%, S 24.41% ± 2.67% vs 37.47% ± 0.74%, 
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Figure 1  The fluorescence expression of SW1990 cells with the imaging of quantum dots-arginine-glycine-aspartic acid probe. A: Quantum dots-arginine-
glycine-aspartic acid probe imaging; B: Original image; C: 4',6-diamidino-2-phenylindole, dihydrochloride dyeing; D: Integrated image.
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Figure 2  The fluorescence imaging of SW1990 cells with quantum dots-arginine-glycine-aspartic acid probe at the block of excess arginine-glycine-
aspartic acid peptide. A: Quantum dots- arginine-glycine-aspartic acid probe imaging; B: Original image; C: 4',6-diamidino-2-phenylindole, dihydrochloride dyeing; D: 
Integrated image.
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Figure 3  The morphologic changes of cells observed under fluorescence microscope with the stain of DAPI after treated seperately (× 100). A: Blank group; 
B: Light group; C: Quantum dots-arginine-glycine-aspartic acid group; D: Photodynamic therapy group.

Zhou M et al . Effects of integrin-targeted photodynamic therapy



6563 October 21, 2013|Volume 19|Issue 39|WJG|www.wjgnet.com

all P < 0.05, Figure 5 and Table 1).

Reactive oxygen species test
Each group was observed five high fields and figured 
out the mean value of  the cells. The cells of  each HPF 
expressing fluorescence in PDT group (286 ± 5.508) 
were higher than the control (28 ± 2.646), the light group 
(34 ± 2.082) and the photosensitizer group (36 ± 4.163), 
which made statistical difference (F = 3262.559, P < 0.01) 
(Figure 6).

Relative gene expression by RT-PCR test
The grayscale ratio of  Akt mRNA and GADPH mRNA 
of  the control, the light group, the photosensitizer group 
and PDT group were 1.3319 ± 0.0482, 1.3137 ± 0.0100, 
1.2900 ± 0.0116, 0.6161 ± 0.0032, respectively. The ratio 
of  PDT group was lower than the others, which made 
statistical difference (F = 567.456, P < 0.05); The relative 
expression level of  Mcl-1 was 0.9864 ± 0.0056, 1.0467 
± 0.0248, 1.0187 ± 0.0205, 0.3394 ± 0.0451, respec-
tively. The ratio of  these two mRNA in PDT group were 

Table 1  The inhibition, and cell cycles effects of cells by methyl thiazolyl terazolium assay after treated seperately 

Treat grouping 24 h 48 h 72 h G0/G1 S

Control group 0.213% ± 0.079% 0.216% ± 0.071% 0.274% ± 0.065% 55.74% ± 2.82% 37.47% ± 0.74%
Light group 0.217% ± 0.053% 0.242% ± 0.057% 0.281% ± 0.042% 53.73% ± 1.37% 37.88% ± 3.60%
Photosensitizer group 0.280% ± 0.061% 0.273% ± 0.055% 0.300% ± 0.050% 57.72% ± 0.91% 33.90% ± 3.39%
PDT group  0.566% ± 0.052%b  0.600% ± 0.062%b  0.651% ± 0.045%b  69.14% ± 2.63%b  24.41% ± 2.67%b

bP < 0.01 vs control group. PDT: Photodynamic therapy.
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Figure 4  The cell apoptosis of cells after treated separately. A: Control group; B: Light group; C: Quantum dots-arginine-glycine-aspartic acid group; D: Photody-
namic therapy (PDT) group.
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lower than the others, which made statistical difference 
(F = 446.817, P < 0.05); the relative expression level of  
TRAIL was 0.6221 ± 0.0076, 0.6075 ± 0.0072, 0.6189 ± 
0.0114, 0.7239 ± 0.0017, respectively. The ratio of  PDT 
group was higher than the others, which made statistical 
difference (F = 145.238, P < 0.05) (Figure 7).

DISCUSSION
Since its discovery in the early 1900s, photodynamic ther-
apy has developed from an emerging cancer treatment to 
an Food and Drug Administration-approved therapy for 
different malignancies. Two major challenges of  current 
PDT are the limited tissue penetration of  excitation light 
and poor tumor-selectivity of  the photosensitizer. To ad-
dress these issues, we developed a multifunctional nano-
construct consisting of  Semiconductor quantum dots 
and RGD peptide. RGD peptide was coated on the sur-
face of  QDs to anchor the probe close to SW1990 cells, 
thereby facilitating tumor imaging and targeted therapy. 

Semiconductor QDs, after surface modification to 

render them water soluble and biocompatible, have a 
promising future in biomedical applications. QDs have 
size- and composition-adjustable fluorescence emission 
wavelengths, narrow emission bands, and very high levels 
of  brightness and photostability. For in vitro studies, QDs 
have been used for cell labeling, fluorescence in situ hy-
bridization, cell tracking, fluorescence resonance energy 
transfer, photodynamic therapy and many other applica-
tions[13-16]. QDs can serve as energy donors to conven-
tional photosensitizers through FRET or interact directly 
with molecular oxygen via energy transfer mechanisms, 
to generate reactive 1O2 species that can be exploited for 
PDT[17,18]. 

Members of  the integrin family influence several as-
pects of  tumor progression and metastasis, including cell 
survival, proliferation, and angiogenesis. The αvβ3 integ-
rin is the most prominent receptor class affecting tumor 
growth, tumor invasiveness, metastasis, tumor-induced 
angiogenesis, inflammation, osteoporosis, and rheuma-
toid arthritis. The αvβ3 integrin is strongly expressed on 
tumor cells and activated endothelial cells. In contrast, 
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Figure 5  Cell cycle of cells after treated separately. A: Control group; B: Light group; C: Quantum dots-arginine-glycine-aspartic acid group; D: Photodynamic 
therapy group.
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expression of  αvβ3 integrin is weak on resting endothelial 
cells and most normal tissues[8,9,19]. The αvβ3 antagonists 
are being studied as anti-tumor and anti-angiogenic 
agents. A tripeptide sequence consisting of  Arg-Gly-Asp 

(RGD) has been identified as a recognition motif  used 
by extracellular matrix proteins (vitronectin, fibrinogen, 
laminin, and collagen) to bind to a variety of  integrins, 
including αvβ3. 

Confocal microscopy demonstrated the enhanced tu-
mor-selectivity of  the nanoconstructs to cancer cells that 
overexpressed integrin receptor. The integrin-positive 
SW1990 cells were clearly visualized in fluorescence im-
ages from QDs-RGD binding. The fluorescence intensity 
correlated with the integrin expression level of  the cell 
lines. This binding was blocked effectively by excessive 1 
μmol/L RGD. Unconjugated QDs showed no significant 
binding to the cell lines.

In vitro, the light-triggered PDT based on the nano-
constructs possessed remarkable therapeutic efficacy 
with tumor cell inhibition. The result of  MTT showed 
that the PDT group cells growth inhibition rate was all 
higher than that of  the control group, which made sta-
tistically significant difference (P < 0.01). While dealed 
with quantum dots or light irradiation alone, the cells did 
not showed significant destruction (P > 0.05). Apoptotic 
cells and morphologic changes could be found under 
optical microscope. The FCM revealed PDT group had 
more significant cell apoptosis rate compared to control 
cells (F = 130.617, P < 0.01) and cell cycle G0/G1 and S 
retardance(P < 0.05) compared to control cells. All the 
results demonstrated that photodynamic therapy based 
on integrin targeted probe could really inhibit pancreatic 
cancer cell proliferation and induce apoptosis, which 
were similar to the results of  Yu et al[20] and Liu et al[7]. Xie 

A B

C D

Figure 6  Number of cells producing reactive oxygen species after treated separately. A: Control group; B: Light group; C: Quantum dots-arginine-glycine-
aspartic acid group; D: Photodynamic therapy group.
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Figure 7  Expression of myeloid cell leukemia-1, protein kinase B and 
tumor necrosis factor-related apoptosis-inducing ligand mRNA in each 
group by reverse transcription-polymerase chain reaction analysis. A: 
Control group; B: Light group; C: Quantum dots-arginine-glycine-aspartic acid 
group; D: Photodynamic therapy group. Mcl-1: Myeloid cell leukemia-1; Akt: 
Protein kinase B; TRAIL: Tumor necrosis factor-related apoptosis-inducing 
ligand; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
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et al[21] also reported that in vivo PDT combined with gem-
citabine chemotherapy drugs could effectively inhibit the 
proliferation of  pancreatic tumors and kill tumor tissue, 
which confirmed the inhibition and killing effect of  PDT 
treatment in pancreatic cancer.

Akt is an important molecule involved in cell growth 
and invasion. Bcl-2 gene family have close relationship 
with cell apoptosis, including Mcl-1 (apoptosis inhibition) 
and TRAIL (apoptosis promotion) among members of  
the family. In our study, the expression of  Mcl-1 and 
Akt were down-regulated, while expression of  TRAIL 
mRNA was up-regulated after SW1990 cells treated with 
PDT. All the changes revealed the direction to promoting 
apoptosis.

The literature indicated that reactive oxygen spe-
cies (ROS) was the activator of  mitochondrial damage 
and apoptosis, which is highly reactive and toxic to cell 
membranes, lysosomes, and mitochondria[22]. Our study 
showed that PDT group had more significant number 
of  SW1990 cells producing reactive oxygen species com-
pared to the control, which revealed that the PDT pro-
moted pancreatic cancer cells generating large amounts 
of  ROS resulting in apoptosis. It had been reported that 
cancer cells had lower ability to scavenge oxygen free rad-
icals and were more sensitive to ROS than the normal[22]. 
Though pancreatic cancer cell growth inhibition could 
also occur with the treatment of  laser or photosensitizer 
alone, the inhibition in PDT group was significantly 
enhanced. The results revealed that PDT could signifi-
cantly change the redox state of  the pancreatic cancer 
cells and enhance their level of  oxidative stress, which 
were similar to the others. The literature indicated that 
the semiconductor nanoparticles were not internalized in 
the cell nuclei but in the cytoplasm[22]. Furthermore, the 
nanoparticles were internalized into the lysosomes. Lyso-
somes were the primary cellular targets of  photodynamic 
therapy. The ruptured lysosomes release cathepsins B or 
L, which activate initiator caspases or inhibited the Bcl-2 
family, which then promoted apoptosis via the mitochon-
dria. The expression changes of  apoptosis related genes, 
Bcl-2 and TRAIL, were consistent with the literature 
reported[22]. Therefore, with this study, we proved for the 
first time that the increased cell death by the integrin-
targeted photodynamic therapy.

Furthermore, it had been reported that photodynamic 
therapy could kill the pancreatic tumor in vitro[20] and was 
also effective to improve the chemotherapy drug gem-
citabine resistance[23]. In vivo, it had been reported that 
PDT and chemotherapy drugs could have synergistic 
effect on killing tumor. PDT was respected to be a new 
promising method because of  broad application in pre-
cancerous lesions and partial pancreas advanced lesions[24]. 

In summary, these results indicate that the multifunc-
tional nanoconstruct is a promising PDT agent for deep-
seated tumor treatment and demonstrate a new paradigm 
for enhancing PDT efficacy. Photodynamic therapy can 
be an effective treatment of  patients with pancreatic can-
cer, but more extensive preclinical and clinical trials are 

needed for further improvement in the clinical applica-
tion of  PDT, especially in avoidance of  complications 
during PDT. 
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patients with pancreatic cancer, but more extensive preclinical and clinical trials 
are needed for further improvement in the clinical application of PDT, especially 
in avoidance of complications during PDT. 
Peer review
This is a good descriptive study in which authors evaluate the effect of photody-
namic therapy with quantum dots-RGD probe as photosensitizer on the prolif-
eration and apoptosis of pancreatic carcinoma cells. The results are interesting 
and suggest that significantly inhibits cell proliferation and increases apoptosis 
in SW1990 cells, which provide a new prospect for the clinical treatment of pan-
creatic cancer. 
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