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Human CIK Cells Loaded with Gold Nanoprisms 
as Theranostic Platform for Targeted Photoacoustic 
Imaging and Enhanced Immuno-Photothermal 
Combined Therapy

Abstract
                         

How to enhance the therapeutic efficacy of human cytokine induced killers cell (CIK) has become 
a great challenge. Herein, we report for the first time that human CIK cells loaded with gold 
nanoprisms were successfully used for targeted photoacoustic imaging, enhanced immunotherapy and 
photothermal therapy of gastric cancer in vivo. Gold nanoprisms were synthesized and modified with 
PEG; human CIK cells were prepared and incubated with PEGylated gold nanoprisms (Au GNPrs), 
and then the effects of human CIK cells labeled with Au NPrs on gastric cancer MGC 803 cells were 
evaluated and further used for targeted photoacoustic imaging, immunotherapy and photothermal 
therapy of gastric cancer in vivo in mice models. Results showed that PEGylated Au NPrs could 
be uptaken high-efficiently by human CIK cells, resultant human CIK cells labeled with AuNPrs 
could inhibit the growth of gastric cancer MGC 803 cells actively by induced apoptosis and G1 
phase arrest, and actively target and accumulate the tumor sites in gastric cancer-bearing nude mice. 
Enhanced synergistic therapeutic efficacy was demonstrated with the maximal inhibition of tumor 
through a combination of CIK cells-based immunotherapy for three days and then a continuous gold 
nanoprisms-based photothermal therapy. In conclusion, human CIK cells labeled with PEGylated 
Au NPrs can target gastric cancer cells in vivo, enhance immunotherapy and photothermal therapy 
efficacy, and have a great potential in applications such as targeted imaging, immunotherapy and 
photothermal therapy of gastric cancer in the near future.
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Introduction 

Stomach cancer (GC) is the fourth most common 
cancer and the second leading cause of cancer-related 
death worldwide [1]-[3]. It ranks No. 2 among all 
malignant tumors in China according to the latest 
cancer disease spectrum [4]. It has been proven 
that the traditional therapeutic strategies including 
surgery, chemotherapy and radiotherapy are not 
effective enough to eradicate GC cell completely, and 
that metastasis and recurrence are the major causes 
of death. The gastric cancer prognosis is very poor 
with the 5-year survival rate below 24% [5]. How to 
improve the therapeutic efficacy of GC has become a 
key scientific problem.

In the recent years, tumor immunotherapy has 
become a hotspot. Especially dendritic cells (DCs) 
and cytokine induced killer (CIK) cells have been 
broadly used for clinical  therapy of post-operation 
tumor patients, and achieved better therapeutic efficacy 
[6]-[9]. CIK cells are a heterogeneous subset of ex-
vivo expanded T lymphocytes [10]-[12]. They present 
a mixed T-NK phenotype and are endowed with the 
MHC-unrestricted antitumor activity, which means 
it can kill cancer cells without attacking the normal 
cells [13, 14]. Although CIK cells have the ability 
to kill cancer cells, the curative effect is not obvious 
in a short time. Current reports show that CIK cells 
own the ability to target in vivo tumor cells [15, 16], 
homing to the tumor site through vascular perfusion. 
And the targeting characteristic of CIK cells has an 
extensive adaptability feature, which can be applied to 
clinical therapies of many kinds of cancers. However, 
up to date, few reports have demonstrated that tumor 
patients with middle and late stages can be cured 
completely by using DCs and CIK immunotherapies 
[17]-[22]. How to enhance CIK therapeutic effects 
has become a challengeable problem. In addition, up 
to date it is not well clarified what is the mechanism 
of the bio-distribution and tracking of CIK cells 
in vivo. Therefore, it is very necessary to develop 
new therapeutic strategies that could enhance CIK 
therapeutic effects and/or improve synergistic 
combined therapy. 

Up to date, nanoparticles-based theranostics has 
achieved great advances in cancer prevention, imaging 
and therapy [23]-[26]. It not only provides excellent 
capacity of carrying multiple theranostic agents in the 
same package, but also facilitates targeting delivery 

into specific sites and across complex biological 
barriers [27, 28]. For example, gold nanoparticles 
(GNPs) have drawn much more attention due to 
their unique optical properties and the potential 
applications. Up to date, various shapes of GNPs 
have been prepared, such as gold nanospheres, gold 
nanorods, gold nanoprisms (Au NPrs), gold nanostars, 
gold nanoshells, and gold nanowires [29]-[31], which 
have determined their different applications such as 
photothermal therapy (PTT) [32]-[34], photoacoustic 
imaging [35]-[37] and surface enhanced resonance 
spectroscopy (SERS) [38]. Especially, gold nanoprisms 
(AuNPrs) have a symmetrical triangle structure, and 
a relative bigger specific surface area to display an 
obvious surface plasmon resonance (SPR) band in the 
near-infrared (NIR) region of the electromagnetic (EM) 
spectrum and can be excited to produce heat efficiently 
[39, 40]. More importantly, the NIR radiation has a 
deeper penetration depth in biological tissues, which 
makes it an excellent theranostic agent for medical 
applications such as photoacoustic imaging and 
photothermal therapy (PTT). In our previous work, we 
prepared PEG modified gold nanoprisms and realized 
photoacoustic imaging of gastrointestinal tumors [41]. 
We also prepared gold nanorods and gold nanostars, 
and realized targeted photoacoustic imaging and PTT 
of gastric cancer in nude mice models [42, 43]. Due 
to that gold nanoprisms own good biocompatibility 
and stability in vivo, we consider that gold nanoprisms 
can be controllably synthesized and easier for clinical 
translation [44, 45].

In this study, we took full advantages of human CIK 
cells and gold nanoprisms, with the aim of enhancing 
synergistic CIK cell therapeutic effects combined 
with PTT of gold nanoprisms. We prepared human 
CIK cells, synthesized CD3 antibody-conjugated PEG 
modified gold nanoprisms, and then prepared human 
CIK cells labeled with Cd3 antibody conjugated 
PEGylated gold nanoprisms, and investigated the in 
vivo distribution and tumor targeting ability and the 
PTT therapeutic efficacy. The results show that human 
CIK cells labeled with CD3 antibody-conjugated 
PEGylated gold nanoprisms could target gastric 
cancer in vivo, realize photoacoustic imaging and 
photothermal therapy of gastric cancer, and markedly 
enhance CIK immunotherapeutic efficacy. Our results 
provide a new strategy to treat gastric cancer, and offer 
proof-of-principle of practicality of CIK combined 
with PTT based on human CIK cells labeled with CD3 
antibody conjugated PEGylated gold nanoprisms, 
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exhibiting potential clinical applications such as 
theranostics of gastric cancers in middle and late stages 
and post-operation tumor patients in near future.  

Experimental 
Materials and Methods

Materials 

Gold (III) chloride trihydrate (HAuCl4•3H2O, 
99%) and sodium thiosulfate were obtained from 
Sinopharm Chemical Reagent Co., Ltd, China. For the 
derivatization of AuNPrs with polyethylene glycols 
(PEG), HS-C2H4-CONH-PEG-O-C3H6-COOH (HS-
PEG-COOH, M.W. 5000 g mol-1) was purchased 
from Rapp-Polymere. All glassware was washed 
with aqua regia and rinsed thoroughly with ultrapure 
water (Milli-Q grade). Annexin V-FITC/PI Apoptosis 
Detection Kit and Cell Counting Kit (CCK-8) were 
obtained from Yeasen Corporation (Shanghai, China). 
MGC-803 cell lines were available in the Cell Bank 
of Type Culture Collection of Chinese Academy of 
Sciences. Cell culture products were purchased from 
GIBCO.

Preparation and characterization of PEGylated 
AuNPrs

The PEG modified gold nanoprims were synthesized 
according to our previous report [46]. First, we mixed 
10 ml of 2 mM chloroauric acid and 12 mL of 0.5 mM 
sodium thiosulfate (reducing regent) attired gently for 
9 mins at room temperature. Then 2 mL of the sodium 
thiosulfate was added to the above solution again after 
the colloidal solution changed from yellow to brown. 
90 mins later, the reaction was completed. To enhance 
the colloidal purity and stability of the products, the 
AuNPrs were modified with polyethylene glycols 
(PEG), HS-C2H4-CONH-PEG-O-C3H6-COOH (HS-
PEG-COOH, M.W. 5000 g mol-1). 10 ml of GNPs 
was supplemented with 1mg of PEG. The pH value 
of the solution was adjusted to 12 with NaOH, and 
it was stired overnight. The solution was centrifuged 
at 6000 rpm for 3 times, and PEG modified gold 
nanoprisms were obtained. Prepared gold nanoprisms 
and PEG modified Au NPrs were characterized by high 
resolution TEM and UV-vis absorption spectra.

Preparation and identification of human CIK 
cells

Human CIK cells were expanded from peripheral 
blood collected from the healthy people in our 

Laboratory [17]-[22]. All individuals provided 
informed consent for blood donation according to a 
protocol approved by the internal review board and 
ethic committee. First, we separated the peripheral 
blood mononuclear cells (PBMC) by density gradient 
centrifugation (Lymphoprep, Axis-Shield); second, we 
seeded them in cell culture flasks at a concentration 
of 1×106 cells/mL in RPMI-1640 medium (Gibco 
BRL) only and added the IFN-g (PeproTech; 1000 
U/mL). After 24 hrs, interleukin (IL)-2 (PeproTech,) 
and anti-CD3 antibody (OKT3, Abgent) were added 
at a concentration of 300 U/mL and 50 ng/mL, 
respectively. Fresh medium and IL-2 (300 U/mL) were 
added one time every 3 days during culturing, and 
the cell concentration was maintained at 1×106 cells/
mL. On the 14th day, the composition and purity of 
CIK cells were assessed by FACS (FACS Calibur, BD 
Biosciences, USA) with FITC-CD3, and PE-CD56, 
and then the cells and the culture supernatant were 
harvested for later use.

Preparation and characterization of CIK cells 
labeled with PEGylated AuNPrs 

We prepared 1×106 CIK cells incubated with 1 
ml of 100 μg mL-1 PEGylated AuNPrs in 37 °C (5% 
CO2) carbon dioxide incubator for 24 hrs. Then we 
collected CIK cells after washing them three times in 
PBS at 1000 rpm. Cells were fixed on coverslips with 
4% paraformaldehyde solution for 20 mins at room 
temperature by StatSpin CytoFuge Cytocentrifuge. 
Two-photon laser scanning microscopy was used to 
observe CIK cells by using a confocal microscope 
(Olympus FV 1000) with excitation at 810 nm. CIK 
cells incubated with Cd56-AuNPrs for 6, 12 and 24 
hrs at 37 °C, and were then collected. For each sample, 
the number of the cell count up to 2×107. Then the Au 
content was analyzed using ICP-MS (NexION300X, 
Perkinelmer).

Effects of PEGylated AuNPrs on CIK cell 
viability

Cell viability was determined by Cell Counting 
Kit (CCK-8) assay. MGC-803 cells / CIK cells were 
seeded at a density of 6×103 in a 96-well plate (Corning, 
Costar, NY) for 24 hrs before and incubated with 
various concentrations of PEGylated AuNPrs for the 
next 12 hrs. After exposure, cells were washed by 
PBS for one time. Then we added 100 μl DMEM for 
MGC803 cells (RPMI-1640 medium for CIK cells) 
and 10 μl CCK-8 to each well. After 2 hrs, the 96-
well plate was measured at 570 nm using a standard 
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micro plate reader (Scientific Multiskan MK3, thermo, 
USA). The cell viability was calculated according to 
the formula: cell viability = (OD of the experimental 
sample/OD of the control group) × 100%.

Effects of CIK cells labeled with PEGylated Au 
NPrs on MGC 803 cells

Effects of PEGylated Au NPrs-labeled CIK cells 
on MGC 803 cells were investigated by cell cycle 
analysis and apoptosis assay. The MGC-803 cells 
were co-incubated with gold nanoprims-labeled CIK 
cells based on various ratio: 20:1, 40:1 and various 
incubation time: 12 hrs, 24 hrs in 24-well plate. Then 
all the cells were collected, and resuspended in 150 μl 
binding buffer. Then 5 μl of Annexin V-FITC and 1.5 
μl of PI were added and incubated in the dark at room 
temperature for 15 mins. Lastly, 400 μl PBS was added 
to each sample, the apoptotic and necrotic distribution 
of MGC803 cells was analyzed immediately by flow 
cytometry.

Cell cycle analysis was carried out by PI staining 
followed by flow cytometric measurement. Cells were 
prepared as above mentioned. After the cells were 
collected, 4 °C 70% ethanol were added to fix them 
overnight at -20 °C. Then remove the ethanol and 
wash the cells with PBS for once. Then the cells were 
stained with 50 μg/ml PI and incubated in the dark at 
room temperature for 0.5 hr, followed by an analysis 
with a FACSCalibur (BD Biosciences, Mountain View, 
CA). 

CIK cells labeled with PEGylated AuNPrs 
cells for targeted photoacoustic imaging and 
immunotherapy

All animal experiments were approved by the 
Institutional Animal Care and Use Committee of 
Shanghai Jiao Tong University (SCXK-2012-0002). 
First, subcutaneous gastric cancer-bearing nude mice 
models were prepared. The human gastric cancer cell 
MGC-803 were cultured at 37 °C (5% CO2) carbon 
dioxide incubator in Dulbecco’s Modified Eagle’s 
Medium (DMEM, HyClone) consisting of 10 % (vol/
vol) fetal bovine serum (FBS, Gibco), 100 U/mL 
penicillin and 1 mg/mL streptomycin. A total of 20 
C57BL/6 mice were used to establish subcutaneous 
GC models with MGC-803 cells by injecting MGC-
803 cells (1×106) into the right anterior flank area of 
male nude mice aged 4 to 5 weeks. Four weeks later, 
tumors grew to approximately 5 mm in diameter, and 
then were used for experiments.

PEGylated AuNPrs-labeled CIK cells were used 
for fluorescence imaging in vivo. We tracked the 
distrbution of CIK cells in vivo by using fluorescent 
marker DiR (one kind of near infrared dyes, Ex/
Em748/780) embedded in the cytomembrane of cells. 
1×106 CIK cells were harvested and incubated with 
4 μl of 2.5 mmol DiR. After 20 mins incubation, 
the sample was washed for two times, then injected 
into the mice via the tail vein. Mice were monitored 
and photographed by IVIS Lumina imaging system 
(Xenogen) at 1, 3 and 7 days respectively.

PEGylated AuNPrs labeled CIK cells were used for 
photoacoustic imaging of gastric cancer-bearing nude 
mice model. Gastric cancer-bearing nude mice were 
divided into three groups, control no.1 group (only 
injection of PBS), control no. 2 group (only injection 
of AuNPrs (200 μg/mL)), experiment group (Au NPr-
labeled CIK, 1×106 CIK cells incubated with 200 μg/
mL for 24 hrs), which were respectively injected with 
PBS, AuNPrs and PEGylated AuNPrs-labeled CIK 
cells via tail veins into gastric cancer-bearing nude 
mice. The images were collected at pre-injection, and 
6, 12, 24 and 72 hrs post-injection time points for 
excitation at 800 nm by NEXUS 128 photoacoustic 
imaging system. Then, the mouse sera at 72 hrs post-
injection were collected from control group and test 
group, and sent for commercial service company to 
detect the concentration of cytokine factors such as 
GM-CSF, IFN-g, IL-1b, IL-13, IL-2, IL-4, IL-5, IL-6, 
TNF-a, IL-10, IL-22 and IL-27. 
CIK cells labeled with CD56-AuNPrs for 
photothermal therapy

The nude mice model with subcutaneous gastric 
cancer were prepared as described above. The test 
groups included untreated group, test 1 group (1 W/cm2 
laser irradiation only), test 2 group (CIK only), test 3 
group (CIK loaded with PEGylated Au NPrs only) and 
test 4 group (CIK loaded with PEGylated Au NPrs + 1 
W/ cm2 laser). For photothermal experiments, the 808 
nm laser trigger was setup as 30 W/cm2. The tumor 
sites were positioned in front of the beam, temperature 
was monitored in real time by a thermometer. after 
3 days being injected when most of the CIK cells 
loaded with PEGylated AuNPrs came to the tumor 
site, laser irradiation (1 W/cm2) was done in the tumor 
site for 2 mins maintaining the temperature to 45 °C. 
The tumor volumes were calculated over 5 weeks, the 
tumor growth weekly was monitored with a caliper 
and the tumor volume was calculated according to the 
formula: V=4/3×π×(a/2)2×(b/2), where a is the length, 
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and b is the width diameter of the tumor; the tumor 
growth curve was drawn. The mouse sera from test 4 
group were collected and sent for commercial service 
company to detect the concentration of cytokine factors 
such as GM-CSF, IFN-g, IL-1b, IL-13, IL-2, IL-4, IL-
5, IL-6, TNF-a, IL-10, IL-22 and IL-27. 

In vivo distribution and pathological analysis 
of CIK cells labeled with PEGylated AuNPrs

MGC803 cells (5×106) were injected subcutaneously 
into the right back flank area of 6 to 8 weeks old 
female nude mice. Tumors were allowed to grow to 
a diameter of approximately 5 mm. At that point, 
2×106 CIK cells labeled with PEGylated AuNPrs were 
injected into the mice via the tail vein. 12 mice were 
divided into four group and were then sacrificed 1, 3, 
5, and 7 weeks later. Several hundreds of microliter 
blood were immediately collected from the heart, 
mixed with 1 mg EDTA in microfuge tubes and frozen 
in liquid nitrogen. Then, organs were collected and 
frozen in liquid nitrogen. Blood and tissue samples 
were completely lysed in aqua regia, followed with the 
evaporation process. The resulting precipitates were 
dissolved in 0.5 M HCl. The Au content determination 
was conducted on an Agilent 7500a and every data 
point was expressed as a mean ± SD from triplicate 
samples. Data were represented as % of injection dose/
organ.

Mice were treated with human CIK cells labeled 
with PEGylated AuNPrs for 7 days, and then were 
sacrificed, Heart, liver, spleen, lung, kidney, intestinal 
tissues and brain were removed and then fixed in 
4% neutral buffered formalin for at least 1 day. The 
samples were then dehydrated in an ethanol series, 
processed into paraffin and sectioned. Then, H&E 
(hematoxylin and eosin) staining was carried out in 
accordance with the standard protocol to monitor the 
morphological features of each organ. 

Statistical analysis
Each experiment was repeated three times in 

duplicate. The results were presented as mean ± SD. 
Statistical differences were calculated by a two-tailed, 
unpaired Student’s t-test at a significance level of p < 
0.05.

Resuls and Discussion
Preparation and characterization of PEGylated 
AuNPrs

The gold nanoprisms (AuNPrs) were synthesized 

according to previous report [46], a straightforward 
method without any toxic reagents used, such as 
cetyltrimethylammonium bromide (CTAB). 10 mL 
of 2 mM chloroauric acid (HAuCl4) and 12 mL of 
freshly prepared 0.5 mM sodium thiosulfate (Na2S2O3) 
were mixed, and stirred at 30 °C for 9 mins. The 
solution color changed gradually from yellow to 
brownish, the “seeds” were formed. Then there were 
a second addition of Na2S2O3 in the same conditions. 
Interestingly, the amount of the second reducing agent 
contributed to the different location of major peak in 
UV-Vis-NIR spectrum. There were two distinctive 
plasmon bands of colloidal solution. One was at 530 
nm, which corresponds to the out-plane dipolar mode 
and is the characteristic absorption peak of Au. The 
other was at 700-1000 nm, which corresponds to the 
in-plane dipolar mode; the region of NIR is the major 
peak of this colloidal solution. As shown in Figure 
1b, the UV-Vis-NIR spectra showed different red-
shifts as the amount of the second addition of Na2S2O3 
increased. In this study, we finally used 2 mL of the 
second addition of Na2S2O3 solution in the course 
of synthesis, the major plasmon bands of prepared 
AuNPrs located at 808 nm, which were highly suitable 
for PTT in vivo and in vitro.

As shown in Fig. 1(a), the prepared AuNPrs had 
three congruent edge lengths of 110 nm, the highly 
anisotropic shape of flat triangle AuNPrs exhibited a 
strong absorption in the NIR. To enhance the AuNPrs’ 
stability for further application,  prepared AuNPrs 
were modified with PEG heterobifunctional (–HS and–
COOH groups) polyethyleneglycol chains (HS–PEG–
COOH, M.W. 5000 g/mol), and then centrifuged for 
three times, final products were collected for further 
usage.

Effects of AuNPrs on CIK cells and MGC803 
cells

Cytotoxicity studies are designed to investigate 
whether the PEGylated AuNPrs are relatively safe for 
cells. We measured the cell viability by CCK-8 assay 
kit after co-incubating the prepared AuNPrs with CIK 
cells and MGC803 cells for 24 hrs, respectively. The 
concentration of AuNPrs varied from 10 μg/ml to 
200 μg/ml, the viability of control group without any 
treatment is defined to be 100%. As shown in Fig. 2, 
the prepared AuNPrs displayed very low cytotoxicity 
even at the highest concentration (200 µg/ml) with 
the cell viability is 78% for CIK cells and 75% for 
MGC803 cells, therefore, we considered that prepared 
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AuNPrs within the dose scope of 200 µg/ml were safe 
for experiments in cells and animals.

Preparation and characterization of CIK cells 
labeled with PEGylated Au NPrs

After PEGylated Au NPrs incubated with human 
CIK cells for 24 hrs, we observed that Au NPrs could 
enter and locate inside human CIK cells. As shown in 
Fig. 3(a), plasmon-enhanced two-photon luminescence 
(TPL) experiment  confirmed that  PEGylated 
AuNPrs located inside CIK cells, and that bright 
golden fluorescence color were distributed inside the 
cytoplasm. The cellular uptake amount of PEGylated 
AuNPrs was measured by ICP-MS. As shown in Fig. 
3(b), the amount of PEGylated AuNPrs uptaken by CIK 
cells increased proportionally as the co-incubation time 
increased. After incubation for 24 hrs, the amount of 
PEGylated AuNPrs uptaken by CIK cells reached 3000 
ng/106 cells, our results fully demonstrated that human 
CIK cells could be labeled with PEGylated Au NPrs.

Effects of CIK cells labeled with PEGylated 
AuNPrs on MGC803 cells 

It is well known that CIK cells are a heterogeneous 
subset of ex-vivo expanded T lymphocytes, which 
present a mixed T-NK phenotype and are endowed 
with a MHC-unrestricted antitumor activity [6]-
[12]. The apoptosis and cell cycle of MGC803 
cel ls  were  detected by f low cytometry  af ter 
MGC803 cells co-incubated with CIK cells. As 
shown in Fig. 4, the MGC803 cells’ apoptosis rate 
displayed the characteristic of time dependence and 
concentration dependence. After co-incubation of the 
CIK cells with MGC803 cells by ratio of 1:20 and 
1:40 for 12 hrs and 24 hrs respectively, the MGC803 
cells displayed a degree of apoptosis up to 25.9%. 
Comparing with the control group, the MGC803 cells’ 
cycle distribution changed with some regulation after 
the same treatment. The number of cells in G1 phase 
increased 19.49%; decreased 7.81% and 11.68% in 
G2 phase and in S phase respectively, which highly 
suggests that the proliferation of MGC803 cells was 
mainly inhibited in G1 phase, which demonstrate that 
human CIK cells could inhibit the growth of MGC803 
cells via induced apoptosis and G1 phase arrest. We 
also used human CIK cells labeled with PEGylated 
AuNPrs to incubate with MGC803 cells for 24 hrs, we 
also observed the same inhibition phenomena, which 
showed that PEGylated AuNPrs did not affect the 
function of labeled CIK cells. 

CIK cells labeled with PEGylated AuNPrs for 
targeted fluorescent imaging of gastric cancer

Some reports show that human CIK cells can 
target in vivo tumor tissues [17]-[22]. However, a lot 
of reports showed that CIK cells kill tumor cells via 

Fig. 1 Characterization of AuNPrs. (a) TEM images of AuNPrs. (b) UV-Vis-NIR absorbance spectra of AuNPrs, the volume of the 
second reducing agent is 1.5, 2, 2.5 mL, respectively.
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releasing some special factors [47, 48]. Up to date, few 
reports provided clear imaging data that display the 
course of human CIK cells targeted tumor in vivo. As 
shown in Fig. 5(a) and 5(b), co-incubated the MGC803 
cells with human CIK cells labeled with PEGylated 
AuNPrs or not for 5 hrs; most of human CIK cells have 
a tendency to attach to MGC803 cells. 

In order to clarify whether CIK cells can target 
in vivo gastric cancer cells, we incubated CIK cells 
labeled with PEGylated AuNPrs with DiR dye for 24 
hrs, and then injected prepared CIK cells into gastric 
cancer-bearing nude mice model via tail vessel. 
Then we used animal imaging system to observe the 

distribution of CIK cells labeled with PEGylated 
AuNPrs and DiR dye. As shown in Fig. 5(c), one day 
after injection, CIK cells labeled with PEGylated 
AuNPrs and DiR dye were mainly distributed in 
heart, lung, liver and intestinal tract; no CIK cells 
located inside brain tissues; the tumor site had a weak 
fluorescent signal. At day 3 post-injection, strong 
fluorescence signal only located inside tumor site; very 
less fluorescent signal was observed in other organs, 
which fully demonstrated that the CIK cells labeled 
with PEGylated AuNPrs can target in vivo gastric 
cancer tissues. On day 7 post-injection, the CIK cells 
labeled with PEGylated AuNPrs still located in the 
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Fig. 3 Cellular uptake of AuNPrs. (a) Two-photon-laser scanning confocal microscopy image of AuNPrs in CIK cells. (b) 
Quantification of Au levels by ICP-MS in CIK cells treated with AuNPrs.

Fig. 4 Flow cytometry analysis of (a) apotosis/necrosis and (b) cell cycle phase distribution in MGC-803 cells after exposure to 
CIK cells (a-2, b-2) E:T=1:20, 12 hrs; (a-3, b-3) E:T=1:20, 24 hrs; and E:T=1:40, 24 hrs, respectively. (a-1, b-1) cells without any 
treatment as control.
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Fig. 5 The cancer-targeted ability of CIK cells (X 50). (a) MGC-803 cells on logarithmic phase and CIK cells cultured for 14 days. (b) 
Microscope photos of the CIK cells co-incubated with MGC-803 cells at the time point of 0 and 5 hrs. (c) microscope photo after co-
incubated the CIK-PEGylated AuNPrs cells with MGC-803 cells for 0 and 5 hrs. (d) In vivo fluorescent images of tumor (MGC-803) 
bearing mouse with intravenous injection of CIK-PEGylated AuNPrs at different time points.
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tumor site with decreased fluorescence signal (Fig. 
5(c)). Our results clearly confirm that human CIK cells 
can target actively in vivo tumor cells.

Human CIK cells labeled with PEGylated 
AuNPrs for targeted photoacoustic imaging of 
gastric cancer

The Nexus 128 is a rapidly emerging, noninvasive, 
and high-resolution PA imaging system, which 
can achieve an isotropic and homogeneous spatial 
resolution of 200 microns. A NIR pulse laser is served 
as the excitation source, receive PA signals for three-
dimensional (3d) image reconstruction [49, 50]. 
Human CIK cells labeled with PEGylated AuNPrs was 
first prepared and applied to PA imaging with the aim 
of attempting to detect subcutaneous gastric cancer 
tissues in vivo. The human CIK cells and PEGylated 
AuNPrs injected groups were established as control. 
When investigating the PA imaging of the tumor site 
in vivo, laser excitation at a wavelength of 808 nm 
with moderate laser energy 1 W/cm2  (irradiation 
time: 2 mins) was used for PA probe detection, at 
which wavelength neovascularization (CNV) could 
be shown and the probe was at higher PA contrast. A 
control image has to be acquired before the injection, 
and then an after-injection image was compared with 
the control image. Pre-injection scans (0 h) and post-
injection scans were both performed (6, 12, 24 and 
72 hrs). The imaging was displayed with UCLA 
transverse (axial) as shown in Fig. 5(c). After injection 
of PEGylated AuNPrs and human CIK cells labeled 
with PEGylated AuNPrs in the first six hours, there 
was a gradual signal increase. The blood vessel of the 
subcutaneous tumors could be clearly shown in the 
sixth hour. In the 6 to 12 hrs after injection, CIK cells 
labeled with PEGylated AuNPrs not only made the 
vessel enhancement, but also began to spread into the 
surrounding tissue and diffusion into the whole tumor, 
mainly localizing in the perivascular space, which was 
similar to the previous report [51, 52]. At the twenty-
fourth hour, aggregation signal was stronger than the 
12 hour. The similar result could be found after injection 
of PEGylated AuNPrs, however, agglomeration effect 
was much weaker than the experimental group. The 
reason may lie in that PEGylated AuNPrs were widely 
distributed within the body, whereas CIK cells labeled 
with PEGylated AuNPrs mainly gathered in tumor 
sites. For the control group (only CIK cells), there was 
no distinct accumulation of the PA signal. Only slightly 
signal enhancement of intravascular could be observed 

at 6 to 12 hrs after injection, as displayed in Fig. 5(c). 
Our results fully demonstrate that CIK cells labeled 
with PEGylated AuNPrs can be used for targeted 
photoacoustic imaging of gastric cancer in vivo. 

CIK cells labeled with PEGylated AuNPrs for 
photothermal therapy of gastric cancer

It is reported that AuNPrs could be used as 
nanoheaters, which transform the NIR photons they 
absorbed into heat and then kill the cancer cells 
[53]-[55]. It is very necessary to assess the light-
thermal conversion efficiency in colloidal solution 
and in the cells before experiments in animals. 1 
mL colloidal solution of PEGylated AuNPrs, where 
its LSPR centered at 808 nm with concentrations 
of 0, 30, 50 μg/ mL were prepared. Then we survey 
the elevation of temperature when illuminate the 
colloidal in a continuous wave (CW) of 808 nm. As 
shown in Fig. 6, the temperature rose rapidly in the 
first 500 sec., then became gentle later on. The final 
ΔT can reach up to 30 °C at the concentration of 50 
μg/mL, which demonstrate that prepared PEGylated 
AuNPrs can transform NIR photons into heat energy 
rapidly. Compared with previous reports [56]-
[58], prepared PEGylated AuNPrs displayed fast 
photothermal transformation, we also observed, under 
laser irradiation, PEGylated AuNPrs always kept the 
whole integrated, unlike gold nanorods which quickly 
break into small pieces under laser irradiation. This 
is an obvious advantage of Au NPrs for photothermal 
therapy. 

In order to investigate the photothermal therapeutic 
effect of prepared human CIK cells labeled with 
PEGylated AuNPrs, the viability of GFP-MGC803 
cells was measured after co-incubation with CIK cells 
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illumination.
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labeled with PEGylated AuNPrs (200 µg/106 cells). 
As shown in Fig. 7(a), the GFP-MGC803 cells co-
incubated with CIK cells labeled with PEGylated 
AuNPrs were alive and exhibited green fluorescence 
signal, after irradiating the cells by using 808 nm NIR 
system for different times, the gastric cancer cells 
showed different degree of impairment, and the dead 
cells can be stained red with PI, exhibited more and 
more as the irradiation time increased, as shown in 
Fig. 7(b) to 7(d), our results fully demonstrate that 
PEGylated AuNPrs can be used for photothermal 
therapy of gastric cancer cells in vitro.

In order to observe the photothermal therapeutic 
effect of human CIK cells labeled with PEGylated 
AuNPrs in vivo, we prepared gastric cancer-bearing 
nude mice model, set up control group and test group. 
For the test group, the mice were injected with human 
CIK cells labeled with PEGylated AuNPrs via tail 
vein, and then exposed to 808 nm laser irradiation at 
1 W/cm2 for 2 mins; the control groups included two 
groups: no.1 control group: injected with PBS only; 
no. 2 control group: 808 nm laser irradiation only. 
All laser irradiation were carried out at 3day post-
injection while the CIK cells with PEGylated AuNPrs 
accumulated in the tumor site. The temperature 
variation was monitored by a thermal imager (IR 
Soft). The results demonstrated that the tumor surface 
temperature in the test group increased rapidly to ~45 
°C whereas the control group with irradiation only 
had a slow increase of ~4 °C (Fig. 8(b)). As shown 
in Figure 8c, the gastric cancer tissues treated by 
CIK cells with PEGylated AuNPrs and 808 nm laser 
irradiation was remarkably inhibited, a black scar was 
left at the point of irradiation, and no obvious tumor 
growth was observed, the control groups had similar 
tumor growth with a relatively higher speed, as shown 
in Fig. 8(a), CIK cells could inhibited the growth 
of gastric cancer in vivo, CIK cells with PEGylated 
AuNPrs also could inhibit growth of tumor tissues, 
CIK cells with PEGylated AuNPrs integrated with 

1 W/cm2 laser irradiation markedly inhibited the 
growth of gastric cancer in vivo, compared with other 
groups, there existed statistical difference (P <0.01). 
Our results show that human CIK cells labeled with 
PEGylated AuNPrs can target in vivo gastric cancer 
tissues, combined with laser irradiation, exhibit 
maximal inhibition therapeutic effect of gastric cancer 
in vivo. 

CIK cells labeled with PEGylated AuNPrs for 
enhanced immunotherapy 

The serum concentration of cytokine factors were 
measured in control group, CIK therapy group and 
photothermal group. As shown in Fig. 9, the levels 
of cytokine factors such as IFN-g, Il-2, IL-22 and 
IL-27 in CIK therapy groups rose markedly at day 3 
post-injection, as compared with the control group. 
There existed statistically difference (P < 0.01), which 
highly suggests that the innate immune was enhanced 
obviously in CIK treatment groups, and that CIK cells 
can treat tumor via rising the levels of killing tumor 
cytokine factors such as IFN-g and Il-2. 

The serum concentration of cytokine factors were 
also measured in photothermal group at day 3 post-
photothermal therapy. Compared with CIK therapy 
groups, the concentration of cytokine factors such as 
IFN-g, Il-2, Il-6, TNF-a, Il-27 rose markedly, compared 
with CIK therapy group. There existed statistically 
difference (P < 0.01), which highly suggests that 
Au NPrs-based photothermal therapy can enhance 
immunotherapy efficacy by raising cytokine factor 
levels, exhibiting enhanced immuno-photothermal 
combined therapy. 

In vivo distribution and pathological analysis

We examined biodistribution of CIK cells labeled 
with PEgylated Au NPrs in gastric cancer-bearing nude 
mice after intravenous injection. Figure 9 shows 30% 
of the injected dose of Au was found in the blood at 

(a) (b) (c) (d)

100 μm 100 μm 100 μm 100 μm

Fig. 7 Fluorescence images of GFP-MGC803 and PI stained cancer cells. MGC-803 cells were marked by GFP, red stained cells 
correspond to the impaired cells, whereas green cells are remain viable after irradiation for (a) 0 min, (b) 2 mins, (c) 5 mins, and (d) 
10 mins.
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day 1 after the injection, and no Au was detected in 
brain tissues, while only 10% or so of Au was found in 
tumor; 20% or so was found in intestinal tissues; 10% 
or so was found in liver and spleen tissues; the amount 
of Au in the blood decreased in a time-dependent 
manner. On day 3, 5 and 7 post-injection, 35% or so 
of Au was found in tumor, obviously higher than other 
tissues, which highly suggests that most CIK cells 
mainly accumulate on the tumor site; CIK cells should 
be a safe high-efficient delivery system.   

We also used HE staining method to examine 
pathological changes of important organs such as heart, 
liver, spleen, lung and kidney, as shown in Fig. 10. No 
obvious pathological lesions could be observed, which 
demonstrated that CIK cells labeled with PEgylated Au 
NPrs do not affect important organs’ function. 

Possible potential mechanism

Results mentioned above show that human CIK cells 
labeled with PEGylated Au NPrs could inhibit growth 
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of gastric cancer cells via induced apoptosis and G1 
phase arrest; Au NPrs did not affect the CIK cells’ 
therapeutic function. We also observed that gastric 
cancer cells co-incubated with CIK cells labeled with 
PEGylated Au NPrs; under 808 nm laser irradiation for 
2 mins, gastric cancer showed death rapidly, presenting 
strong photothermal therapeutic efficacy. Animal 
experiments also demonstrated that on day 3 post-
injection, most CIK cells labeled with PEGylated Au 
NPrs gathered in the gastric cancer site; on day 3 to 7 
post-injection, most CIK cells still located around the 
gastric cancer site; less CIK cells were distributed in 
other organs such as brain, heart, liver, spleen, lung and 
kidney; therefore, CIK cells labeled with PEGylated 
Au NPrs could target in vivo tumor cells actively. Due 
to that CIK cells are one kind of immunological cells, 
macrophage cells can not engulf them; therefore, their 
distribution in liver and spleen organs are very less. 
Because of the bigger size, CIK cells labeled with 

PEGylated Au NPrs can not get through blood-brain 
barrier; therefore, no CIK cells labeled with PEGylated 
Au NPrs located inside brain tissues. Our previous 
results showed that CXCL12-CXCR4 and CCL19-
CCR7 loops were involved in the course of MSCs 
cells targeting in vivo gastric cancer tissues [59]; CIK 
cells also displayed positive-expression of CXCR4 and 
CXCR 7; therefore, we predict that CXCL12-CXCR4 
and CCL19-CCR7 loops may be involved in the course 
of CIK cells targeting gastric cancer in vivo. Some 
chemokine factors may also involve in this course. 
The levels of cytokine factors such as IFN-g, Il-2, IL-
22 and IL-27 in CIK therapy groups at day 3 post-
injection rose markedly, compared with control group; 
there existed statistically difference (P < 0.01), which 
highly suggests that the innate immune was enhanced 
obviously in CIK treatment groups, CIK cells can 
treat tumor via rising the levels of killing tumor 
cytokine factors such as IFN-g and Il-2. The serum 
concentration of cytokine factors also were measured 
in photothermal group at 3 day post-photothermal 
therapy. Compared with CIK therapy groups, the 
concentration of cytokine factors such as IFN-g, Il-2, 
Il-6, TNF-a, Il-27 rose markedly, compared with CIK 
therapy group, there existed statistically difference (P 
< 0.01), which highly suggests that Au NPrs-based 
photothermal therapy can enhance immunotherapy 
efficacy by raising cytokine factor levels, exhibiting 
enhanced immuno-photothermal combined therapy. 

Our results also confirm that CIK cells labeled with 
PEGylated Au NPrs could be used for photoacoustic 
imaging of in vivo gastric cancer, which clearly display 
tumor vessels and can therefore be used for diagnosis 
of early gastric cancer. Our results also show that 
CIK cells labeled with PEGylated Au NPrs realized 

Fig. 9 Serum concentration levels of cytokine factors in control group, CIK loaded with PEGylated Au NPrs and photothermal group.
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immunotherapy and photothermal therapy of gastric 
cancer, exhibiting synergistic therapeutic function 
and enhancing immunotherapeutic efficacy of CIK 
cells. The potential mechanism is as follows [60]-
[63]: CIK cells expressed LFA-1 (lymphocyte function 
associated antigen1), gastric cancer cells expressed 
ICAM-1(intercellular surface adhesion molecule-1), 
after LFA-1 binding with ICAM-1, CIK cells released 
toxic particles: n - methyl carbonyl sulfur - left-handed 
- lysine methyl ester (BLT), killing tumor cells; CIK 
cells expressed CD3 and CD 56, CD3 combined with T 

cell receptor, activated T cells, inducing TCR-mediated 
specific cytotoxicity to gastric cancer cells, finally 
killing tumor cells in vivo. Au NPrs inside CIK cells 
produced heat energy under 808 nm laser irradiation 
for 2 mins, and denatured gastric cancer cells and 
induced necrosis of gastric cancer cells, forming small 
scar fiber tissues. In the course of photothermal therapy 
of Au NPrs, CIK cells were stimulated by heart energy, 
secreted a lot of chemokine factors, and enhanced 
therapeutic efficacy of gastric cancer. The schematic of 
possible mechanism is as shown in Fig. 12. 
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Fig. 11 Histological imagines (20´) of different tissues using hematoxylin and eosin staining at 7 day post-injection: (a) Liver; (b)
Lung; (c) Heart; (d) Kidney; (e) Spleen; and (f) Brain.

Fig. 12 Schematic of the proposed mechanism of CIK labeled with PEGylated gold nanoprisms for targeted photoacoustic imaging, 
immunotherapy and photothermal therapy.
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 Conclusions
In summary, we successfully prepared for the first 

time CIK cells with PEGylated AuNPrs and realized 
gastric cancer targeted photoacoustic imaging, 
enhanced immunotherapy and photothermal therapy. 
Human CIK cells labeled with PEGylated AuNPrs 
could target actively and gather in vivo gastric cancer 
tissues at day 3 post-injection, inhibit the growth of 
tumor cells in vivo, be combined with photothermal 
therapy of PEGylated AuNPrs, and exhibit enhanced 
inhibition of growth of tumor. Especially, PEGylated 
Au NPrs did not break into pieces under laser 
irradiation, and produced long-time heat energy, 
unlike gold nanords which break into pieces under 
laser irradiation. Due to that PEGylated AuNPrs own 
good biocompatibility, Human CIK cells labeled with 
PEGylated AuNPrs have a clinical translation prospect. 
Furthermore, human CIK cells with PEGylated 
AuNPrs designed here is a universal multifunctional 
theranostic platform. The AuNPrs can be replaced 
by other nanoparticles with imaging or cancer-
killing ability; the  human CIK cells in the “CIK-
NPs” mode act as a “vehicle”, carrying functional 
nanoparticles or drugs accurately to the tumor site. 
Development of human immunocells-based delivery 
sytem should be a good direction to solve current drug 
delivery system’ synthesis and toxicity. Human CIK 
cells with PEGylated AuNPrs have great potential in 
applications such as targeted photoacoustic imaging, 
immunotherapy and photothermal therapy of gastric 
cancer and other tumors, as well as high efficient 
delivery platform for gene or drugs in near future. 
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