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Abstract: Aim: This study was to prepare the functionalized nano-graphene oxide (nano-GO) particles, and observe
targeted fluorescence imaging and photothermy of U251 glioma cells under near infrared (NIR) exposure. Material
and methods: The functionalized nano-GO-Tf-FITC particles were prepared and then were incubated with U251
glioma cells. Estimation of CCK8 cell activity was adopted for measurement of cytotoxicity. The effect of fluorescein
imaging was detected by fluorescence microscope with anti-CD71-FITC as a control. Finally, we detected the killing
efficacy with flow cytometry after an 808 nm NIR exposure. Results: Both nano-GO-Tf-FITC group and CD71-FITC
group exhibited green-yellow fluorescence, while the control group without the target molecule nano-GO-FITC was
negative. The nano-GO-Tf-FITC was incubated with U251 cells at 0.1 mg/ml, 1.0 mg/ml, 3.0 mg/ml and 5.0 mg/ml.
After 48 h of incubation, the absorbance was 0.747 + 0.031, 0.732 + 0.043, 0.698 + 0.051 and 0.682 + 0.039,
while the absorbance of control group is 0.759 + 0.052. There is no significant difference between the nano-GO-
FITC groups and control group. In addition, the apoptosis and death index of nano-GO-Tf-FITC group was significantly
higher than that of nano-GO-FITC and blank control group (P < 0.05). Conclusion: The nano-GO-Tf-FITC particles with
good biological compatibility and low cytotoxicity are successfully made, which have an observed effect of target
imaging and photothermal therapy on glioma U251 cells.
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Introduction

Glioma is one of the most common malignan-
cies in the nervous system. Due to its infiltra-
tive growth and unclear margin with normal
brain tissue around, glioma is difficult to remove
completely. Even combined with postoperative
radiotherapy and chemotherapy, glioma has a
high recurrence rate and poor prognosis. In
consequence, novel therapies that can improve
the therapeutic effect and reduce side effects
have always been explored [1-3]. The strong
capacity of light absorption of nano-particles
extends the absorption of visible light and near
infrared ray in PTA (photothermal ablation ther-
apy). This property of nano metallic material
can induce protein degeneration and Kill the
tumor cells by localized heating [4-7]. Compared
with precious metals and other types of nano-
material, graphene is hailed as the best poten-
tial carbon material because of its unique elec-
trical properties, optical properties and thermal

capacity [8, 9]. GO (graphene oxide) is a hot
spot of research on graphene. The abundant
function groups on its surface provide a variety
of active sites for conjunction of organic small
molecules, polymers, biomacromolecules and
other functional groups [10-12]. They can cou-
ple with some specific antibodies and ligands,
which make multi-functional nanoparticles pos-
sible. The present study was designed to pre-
pare the functionalized nano-graphene oxide
(nano-GO) particles, and observe targeted fluo-
rescence imaging and photothermy of U251
glioma cells under near infrared (NIR) exposure

Materials and methods
Reagents and equipment

Graphene (£ 30 um) was purchased from
Sinopharm Chemical Reagent Co., Ltd. Con-
centrated sulfuric acid, potassium permanga-
nate, potassium nitrate, hydrogen peroxide
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(30%), hydrochloric acid, ferric chloride, FITC
(fluorescein isothiocyanate) and L-Lysine were
purchased from Shanghai Jingchun industrial
co., Itd. Cell Counting Kit-8 (CCK-8) for cell pro-
liferation and cytotoxicity was purchased from
Dojindo (Japan). Cell streaming Annexin V/PI
cell apoptosis detection kit, pancreatin (1:250,
containing EDTA), Tf and PBS (pH = 7.4) were
purchased from Invitrogen (USA). Anti-CD71-
FITC antibody was purchased from Abcam
(USA), and 10% DMEM medium with high glu-
cose and fetal bovine serum (FBS) were pur-
chased from Gibco (USA). The cell incubator
(HERA cell 240i) was purchased from Thermo
(USA). The infrared laser (\: 808 nm) was pur-
chased from Changchun Leishi Technology Co.,
Ltd. Fourier Transform Infrared Spectrometer
(TENSOR 27) was purchased from BRUKER
(Germany); Automatic inverted fluorescence
microscope (Axio Observer Z1) was purchased
from Carl Zeiss (Germany). High-resolution
transmission power mirror (JEM-2010) was pur-
chased from JEOL Corporation (Japan).

Preparation of functionalized nano-GO-Tf-ITC
particles

Synthesis of GO-N3: After prepared by the
improved Hummers method [13], 50 mg GO
was added into 20 ml DMSO. Add 108 mg DDC
and 31.35 mg DMAP into the mixtures after a
30-minute-ultrasonic dispersion. 160 mg azide
propylamine was added and a 48-hour-reaction
was taken. The reaction liquor was dialyzed
with tap water for 1 day and with distilled water
for 2-3 days (MWCO = 14000), and then freeze-
dried to get GO-N3.

Synthesis of PLLD-G3: 1.73 g (5 mmol) Boc-Lys
(Boc)-OH and 350 pL (5.5 mmol) propargyl-
amine were dissolved in 20 ml DMF. The mix-
ture was stirred under nitrogen for 10 min and
was cooled to 0°C, and then 2.18 g (5.5 mmol)
HBTU and 0.74 g (5.5 mmol) HOBt were added.
After the solution was stirred for 16 h, ethyl
acetate was added. The organic phase was
separated and washed with saturated NaHCO,
solution, NaHSO, solution (0.1 mol/L), saturat-
ed NaHCO, solution and brine. The compounds
was purified by column chromatography (sili-
cone, CHCI3-CH30H = 5:1) and then distilled
with rotary evaporator to obtain the first gener-
ation of poly-lysine (G1). The synthetic method
of G2 and G3 was the same with G1, and G3
was obtained by continuously reacting with G1
and G2 synthesized.
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Synthesis of nano-GO-PLLD-G3: 10 mg GO-N3
was dissolved in 4 mL DMSO and dispersed
under sonication for 0.5 h. 10 mg PLLD-G3 was
dissolved in 6 mL water and added into GO-N3
solution. 12.5 mg anhydrous cupric sulfate and
80 mg sodium ascorbate were added into the
solution after 30-minute-aeration of nitrogen.
Then the reaction continued for 48 h at 40°C
with nitrogen aeration. The reaction liquor was
dialyzed for 3 days by dialysis bag (MWCO =
14000) and was freeze-dried to obtain
GO-PLLD-G3.

Synthesis of nano-GO-Tf-FITC particles: 50 mg
GO-PLLD-G3 was distributed well in pure water,
and 5 mg Tf and FITC were dissolved in the dis-
persion liquid GO-PLLD-G3 respectively. The
mixture was dialyzed to remove unloaded
reagent after stirring the mixture at 4°C in lami-
nar flow for 48 h. The product was freeze-dried
to obtain the functionalized nano-GO-Tf-FITC.
In another group, nano-GO-FITC was obtained
with  GO-PLLD-G3 and FITC and without
transferrin.

Assignment of particle diameter and surface
morphology of nano-GO-Tf-FITC

Nano-GO-Tf-FITC sample solution with the con-
centration of 2.0 mg/ml was prepared. A drop
of sample solution was dripped on a copper net
covered with carbon film. The supernatant
water was dried with filter paper 1 minute later.
The sample was dried naturally at room tem-
perature and the morphology was observed
under JEM-2010HR transmission electron
microscopy. The accelerating voltage of TEM is
200 Kv. The instrument was vacuumized, and
the morphology of the sample was observed
and photographed. The particle diameter of
sample was measured.

Cell culture

Human glioma U251 cell lines were purchas-
ed from ATCC Stem Cell Library (USA). Cells
were cultured in high glucose DMEM medium
contained 10% fetal bovine serum and 1%
penicillin/streptomycin. And the cells were
placed at 37°C in a humidified incubator under
5% CO02. The cells were digested with 0.25%
trypsin enzyme and passaged in a 1:3. An
experiment was performed for the cells in loga-
rithmic grow phase, and the cell survival rate
was over 95%.
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Figure 1. IR spectra of GO and GO-N3. The infrared
spectra of the compositions GO and GO-N3 was
tested with FT-IR (Nicolte Nexs 607, USA). -OH (3400
cm?), C=0 (1722 cm™), C = C (1609 cm™) and C-O
(1109 cm™) were infrared absorption peaks of pure
GO functional groups. Special peak was displayed at
2100 cm™ after azido grafting with GO

Detection of the in vitro cytotoxicity of function-
alized nano-GO-Tf-FITC particles

The cytotoxicity of functionalized nano-GO-Tf-
FITC particles was detected with CCK-8 cell
viability test. U251cells in logarithmic grow
phase were inoculated in 96-well plate at 2 x
10 [3] each well. The capacity of a well was 200
uL. After a 24-hour incubation, they were added
into NGO-Tf-FITC at concentrations of 0.1, 1.0,
3.0, 5.0 mg/ml. Four wells were set for every
single concentration. After 48-hour incubation,
the medium is removed. 100 yL medium and 5
uL CCK8 reagent was added into each well, and
the plate was incubated at 37°C in an incuba-
tor. After 30 minutes, the absorbance of each
well was measured at 450 nm using a micro-
plate reader the well without cells was taken as
control and the blank well was used for zero
adjustment. The rate of cell survival in the
medium above was calculated by the formulas
W = (A-A0)/(A1-AQ) x 100%, in which, W, A, AO
and Al referred to cell survival rate, absor-
bance of experimental wells, absorbance of
blank wells, and absorbance of control wells,
respectively.

In vitro fluorescence imaging of functionalized
nano-GO-Tf-FITC particles

U251 cells in logarithmic grow phase were inoc-
ulated in 96-well plate at 2 x 103 each well. The
capacity of a well was 200 uL. The cells were
divided into 3 groups after incubated for 48
hours: targeted experimental group in which 3
mg/mL nano-GO-Tf-FITC was added into each
well; control group in which 5 mg/mL anti-
CD71-FITC reagent was added into each well;
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non-targeted control group in which 3 mg/mL
nano-GO-FITC was added into each well. There
were four wells for each group. After incubated
at 37°C for 30 minutes, the cells were rinsed
with PBS buffer twice, and observed and photo-
graphed under the automatic fluorescent
microscope.

Detection of the photothermy of functionalized
nano-GO-Tf-FITC particles in vitro

U251cells in logarithmic grow phase were inoc-
ulated in 35-mm petri dish at 1 x 10° each well.
After the cells were incubated for 48 hours, 1
ml NGO-Tf-FITC particles (3 mg/L) were added
into each experimental well and control well,
respectively, while no particle was added into
the blank group well. There were 3 wells for
each group. After culture at 37°C for 1 h, the
cells were rinsed with PBS buffer twice. Each
well was exposed to 808 nm near infrared ray
with power of 7.5 W/cm? (the beam: 0.4 cm?) for
5 minutes. After culture at 37°C for 2 hours,
the cells were collected and detected by
Annexin V/PI cell apoptosis kit following the
instructions. 1 x 10° cells were detected in
each sample.

Statistical analysis

Data were analyzed using SPSS 13.0 software.
Comparisons of the inter-group data were per-
formed with one-way analysis of variance. The
difference with P < 0.05 was considered statis-
tically significant.

Results

Infrared spectra characteristic of GO and GO-
N3

The infrared spectra of the compositions GO
and GO-N3 was tested with FT-IR (Nicolte Nexs
607, USA). -OH (3400 cm?), C = 0 (1722 cm™),
C = C (1609 cm™) and C-O (1109 cm™) were
infrared absorption peaks of pure GO function-
al groups. Special peak was displayed at 2100
cm* after azido grafting with GO (Figure 1). The
results illustrated a successful grafting of azido
to GO. The element analysis informed that the
content of azido in 1 g GO-N3 was 4.43%.

Particle diameter and surface morphology of
nano-GO-Tf-FITC

Nano-GO showed monolithic layer under the
JEM-2010 HR high-resolution Transmission
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Figure 2. TEM images of nano-GO. A, B: The diameter of nano particles was 20-200 nm. C: The solution of nano-
GO-PLLD-G3 is bright yellow, while the transparency decreased with the increase of concentration. The dispersed

phase was still stable after 3 months.
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Figure 3. CCKS8 cytotoxicity results. A1, A2, A3 and A4
for the concentrations of 0.1, 1.0, 3.0 and 5.0 mg/
mL group, control for the blank control group. The
absorbances were 0.747 + 0.031, 0.732 + 0.043,
0.698 + 0.051 and 0.682 + 0.039 for A1, A2, A3
and A4 group respectively, while the absorbance of
control group was 0.759 + 0.052. There was no sig-
nificant difference between the nano-GO-FITC groups
and control group (P > 0.05).

electron microscopy. The diameter of nano par-
ticles was 20-200 nm (Figure 2A, 2B). The par-
ticles diameters of Nano-GO-PLLD-G3 pre-
pared through modification by alkynyl-polylysine
were within 100nm, presented as monolithic
layer. The solution of nano-GO-PLLD-G3 is
bright yellow, while the transparency decreased
with the increase of concentration. The dis-
persed phase was still stable after 3 months
(Figure 2C).

In vitro cytotoxicity of functionalized nano-GO-
Tf-FITC particles

The nano-GO-Tf-FITC was incubated with U251
cells at concentrations of 0.1 mg/ml, 1.0 mg/
ml, 3.0 mg/ml and 5.0 mg/ml. After a 48-hour
incubation, the absorbance of each well was
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measured at 450 nm using a microplate read-
er. The absorbances were 0.747 + 0.031, 0.732
+ 0.043, 0.698 * 0.051 and 0.682 + 0.039,
while the absorbance of control group was
0.759 + 0.052. There was no significant differ-
ence between the nano-GO-FITC groups and
control group (P > 0.05), suggesting that nano-
Tf-FITC particles had good biological compati-
bility and low cytotoxicity (Figure 3).

Analysis of fluorescent imaging of nano-GO-Tf-
FITC particles to U251 cells

Both of nano-GO-Tf-FITC group and anti-CD71-
FITC group exhibited yellow-green fluorescence
under the fluorescent microscope (Figure 4A
and 4B), while the control group without the tar-
get molecule nano-GO-FITC did not showed flu-
orescent image (Figure 4C). The results showed
that comparing with the control group anti-
CD71-FITC, the successful combination of
nano-GO-Tf- FITC with cells, as well as nano-GO
integrated with the target molecule and fluores-
cent molecule. Nano-GO-FITC was not linked
with the target molecules, so that they cannot
integrate with U251 cells, therefore, no fluores-
cence were shown.

The photothermy of nano-GO-Tf-FITC particles
to U251 cells in vitro

Cells apoptosis and death index (%) of nano-
FITC (negative control) group, nano-Tf-FITC
(experimental group) group and blank control
group were 52.6 + 2.66 (A), 73.6 £ 3.41 (B) and
51.2 + 2.93 (C), respectively, (Figure 5). Nano-
Tf-FITC group had significant differences with
both NGO-FITC group and blank control group
(P < 0.05), which suggested that NGO-Tf-FITC

Int J Clin Exp Med 2015;8(2):1844-1852
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Figure 4. Fluorescence images of U251 combining with carriers (inverted fluorescence microscope, x 100). Both
of nano-GO-Tf-FITC group (A) and anti-CD71-FITC group (B) exhibited yellow-green fluorescence under the fluo-
rescent microscope, while the control group without the target molecule nano-GO-FITC did not showed fluorescent

image (C).
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Figure 5. The flow cytometry results after treat-
ment by near infrared radiation. Cells apoptosis
and death index (%) of nano-FITC group (nega-
tive control group), nano-Tf-FITC group (experi-
mental group) and blank control group were
52.6 £ 2.66 (A), 73.6 £ 3.41 (B) and 51.2 +
2.93 (C), respectively.

is no statistically significant difference between
nano-FITC group and blank control group (P >
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Figure 6. The comparison of flow cytometry results
after treatment by near infrared radiation among
different groups (***P < 0.05). Nano-Tf-FITC group
(experimental group) had significant differences with
both NGO-FITC group (negative control group) and
blank control group (P < 0.05). There is no statisti-
cally significant difference between nano-FITC group
(experimental group) and blank control group (P >
0.05).

0.05) (Figure 6), indicating that NGO-FITC par-
ticles can’t integrate with U251 cells due to the
lack of the target molecule Tf.

Discussion

Brain glioma is the most common malignant
tumor, which accounts for approximately
40-60% of intracranial tumors [14]. Five-year
mortality rate of brain glioma ranked third in
generalized malignancy, only below pancreatic
carcinoma and lung cancer [14]. Studies show
that glioma has the characteristics of high inci-
dence, high recurrence rate, high fatality rate
and low cure rate. The median survival time of
malignant glioma patients (Ill and IV by WHO
classification) is less than 18 months, with a
1-year survival rate of about 30% and 5-year
survival rate of less than 5% [14-16]. The surgi-
cal treatment is still the main method for glio-
ma, combined with local radiotherapy, chemo-
therapy and immunotherapy in present. The
therapeutic effect is poor due to its unclear
margin, remained tumor tissues after surgery,
drug resistance of tumor and non-sensitivity to
radiotherapy, and the mean mortality time is
still less than 1 year [17, 18]. In recent years,
many advanced diagnosis and treatment tech-
niques were used in the clinic as science
advanced. Although many therapies for glioma
have been used in the clinic, and major break-
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throughs have been made on the molecule biol-
ogy mechanism of its development in the last
20 years, the overall therapeutic effect is not
obviously improved. It's urgently required to
find a new efficient therapy [5, 17, 18]. As the
malignant gliomas show focal growth and sel-
dom exhibit metastasis, it is of important sig-
nificance to find a new therapy that can take a
real-time imaging during operation for a more
exact resection, and Kill the glioma cells with
hyperthermia during or after the operation with-
out consideration of chemosensitivity and
radiosensitization.

Thermotherapy is a newly developed therapy
for tumor in recent years. Due to their imperfect
structure and longer heat dissipation than nor-
mal tissues, the temperature of the tumor tis-
sues is 5-100°C higher than normal tissues
when heated by various kinds of heat sources.
As a result, the malignant tumor cells are sensi-
tive to hyperthermia and can be killed by hyper-
thermia while the normal tissues are unhurt
[19-21]. Research has confirmed that the glio-
ma cells are sensitive to temperature [22, 23]:
The center of tumor can be carbonized, and the
peripheral tumor cells were swollen, necrotic or
liguefied, and the residual cells were dying
when the local temperature reach 43°C-44°C.
Hyperthermia not only can cause transposed
AIF of glioma cells and suppress DNA replica-
tion, transcription, synthesis and repair thus
inhibiting glioma cell growth, but also can have
a synergistic effect with other therapies and
improve the anti-cancer effect. The sources of
heat treatments can be laser, ultrasound,
microwave, and electro-thermal therapy. It has
special advantages compared with other thera-
pies: it can Kill the residual tumor cells after
surgery and avoid the problem of drug-resis-
tance and sensitivity to radiotherapy and che-
motherapy. Clinical studies showed that the
laser heat treatment and electro-thermal thera-
py can improve the median survival and overall
survival of recurrent malignant glioma [24, 25],
but at the same time there are still many short-
comings difficult to solve: a. the treatment is
untargeted. Both tumor cells and normal cells
are destroyed in the laser and electrothermal
ways. And the quality of patient’s life must be
decreased if a large number of normal cells are
Killed. b. It requires high energy density. In the
course of treatment, tens to hundreds of watt
of energy is needed. c. The treatment is inva-
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sive. The tumor must be directly exposed or be
inserted into center with optical fibers. d. The
temperature and range of treatment is not easy
to control, and special equipment was required
to guide and monitor. Therefore, how to Kill
tumor cells selectively and targeted with hyper-
thermia and left normal cells unhurt is the dif-
ficult problem in current study.

In recent years, researches on photothermoly-
sis of nano materials had make it possible to
solve the problem. Photothermal ablation ther-
apy based on nano-metallic materials has
begun to be applied to the cancer treatment.
The fundamentals of it is destroying the tumor
cells with the hyperthermia induced by photo-
thermal conversion under the laser irradiation,
in which the strong light interception on the
sites of cancer cells and high efficiency of pho-
tothermal conversion are key to the success of
PTA [5]. Rather than the precious metals and
other types of nano-material, graphene is
hailed as the most potential carbon material
because of its unique electrical properties,
optical properties and thermal capacity. GO
contains abundant functional groups like
hydroxyl, carboxyl and epoxy and has unique
optics, thermal and hydrophilic characteristics
[8, 9, 12]. Through esterification or amide reac-
tion of its active carboxylic groups on the sur-
face, GO can be connected with several small
organic molecules, polymers, biological mole-
cules and other bioactive molecules to improve
its biological compatibility [9, 10]. With the low
cytotoxicity and cost, GO may become a new
nano material with biological compatibility
widely used in biomedical field [10-12].

In our study, transferrin (Tf) and fluorescein iso-
thiocyanate (FITC) were connected with GO
while PLL-G3 act as a joint molecule to make
functionalized nano-GO-Tf-FITC particles. We
observed the targeted fluorescence imaging
and photothermy of the particles for glioma
U251 cells and provide basis for a novel thera-
py for glioma. The new therapy can turn diffi-
culty to easy without consideration of chemo-
sensitivity and radiosensitization. Meanwhile,
this new therapy can not only take a real-time
imaging during operation for a more exact
resection, but also kill the glioma cells with
hyperthermia during or after operation.

Tf is a member of the Iron-binding-protein fam-
ily. Tf is safe and non-poisonous, and it distrib-
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utes in blood vessels of human abundantly and
helps plasma glycoprotein transfer iron ions to
normal cells. Tf has been used as a drug carrier
in the targeted therapy of tumors as the tumor
cells need more iron ions than normal ones.
The TfR (Transferrin receptor) is Il-cross-
membrane glycoprotein with a molecule weight
of 90 kD. It is found currently that the two types
of transferrin receptors TfR1 and TfR2 can
combined with Tf and mediate the absorption
of iron. They are essential proteins in iron intake
and cell proliferation regulation [26, 27]. TfR is
over-expressed on surfaces of many kinds of
malignant tumor cells including glioma, but
most normal cells have a low Tf content.
Therefore, TfR has been considered to be an
ideal therapeutic target [28, 29]. The antitumor
drugs connected with Tf or TfR antibody can
combine with the TfRs on the surface of tumor
cells. On one hand, the antitumor drugs can
block the function of TfR to directly kill the
tumor cells. On the other hand, they can get
inside the tumor cells through endocytosis of
vesicles so as to kill the tumor cells more accu-
rately and efficiently and overcome the drug
resistance induced by P-glycoprotein-mediated
drug efflux [30]. In addition, the expression of
TfR in tumor cells is more stable than that of
other tumor specific antigen. They are seldom
modified, covered or lost. And they are endocy-
tosis receptors that can mediate the process of
transferring antibodies or substance carried by
its ligand protein into cell and use TfR to bind
with its specific ligands. It has been proved that
Tf-mediated transcytosis can go through the
Blood Brain Barrier (BBB) for transport. The
nano-carrier coupling with Tf has a potential for
targeted therapy of glioma, and TfR is consid-
ered to be a potential target for molecule-based
therapy [28, 31].

There are fewer data of preparation of function-
alized nano-GO, which have an observed effect
of target imaging and photothermal therapy on
the brain glioma U 251 cells. In our study, alkyl
was used to modify the synthesis of PLLD-G3
to modify GO, thus increasing the histocompat-
ibility and stability of GO. The synthetic GO
maintained stable dispersed phase after stand-
ing at the room temperature for 3 months. And
then the preparation of functionalized GO car-
rier, nano-GO-Tf-FITC was achieved by connect-
ing FITC and Tf with GO with the joint molecule
PLLD-G3. FITC (fluorescein isothiocyanate) is
the most widely used fluorescein currently with
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the maximum absorption wavelength of 490 to
495 nm and the maximum emission wave-
length of 520 to 530 nm. The fluorescence of
FITC is bright yellow-green to which human eye
is sensitive. The nano-GO-Tf-FITC particles pre-
pared in this way can have a targeted combina-
tion with the glioma cells and make the tumor
cells exhibit yellow-green fluorescence under
the fluorescent microscope. The results showed
that carrier nano-GO-Tf-FITC exhibited Kelly flu-
orescence under the fluorescent microscope,
while the control group without the target mol-
ecule nano-GO-FITC was negative. These
results indicated that after the nano-GO-Tf-FITC
particles were combined with U251 cells suc-
cessfully, yellow-green fluorescence was
showed under excitation of near-infrared light
of the fluorescent microscope, nano-GO-FITC
without the target molecule Tf did not show flu-
orescent imaging, suggesting nano-GO-Tf-FITC
linking with the targeted molecule Tf success-
fully combined with U251 cells while nano-GO-
Tf-FITC which was not linked with the targeted
molecule Tf did not combine with U251 cells
Therefore, the results confirmed that nano-GO-
Tf-FITC had the function of targeting fluorescent
imaging of brain glioma U251 cells and this new
functionalized nano-GO-Tf-FITC had good bio-
compatibility and low cytotoxicity. The particles
not only showed high affinity to U251 cells, but
also could significantly kill the tumor cells with
targeted photothermy under an 808nm near
infrared laser exposure.

Conclusions

A new functionalized nano-GO-Tf-FITC particle
was successfully prepared with Tf as a targeted
ligand and FITC which is soluble in water and
has a strong binding force with protein as a fluo-
rescence indicator based on the special prop-
erty of photothermal conversion of GO. The par-
ticles could have a targeted combination with
glioma cells for fluorescent imaging of tumor
cells and significantly kill the tumor cells with
targeted photothermy under an 808nm near
infrared laser exposure, thus laying a founda-
tion for further researches on the glioma U251
cells targeted fluorescence imaging and
photothermy.
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