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The numerous particular chemical/physical properties make graphene quantum dots (GQDs) attractive for various
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biomedical applications such as drug delivery, bioimaging and tumor photodynamic therapy (PDT). In present study, the

critical roles of hydroxyl-modified GQDs (OH-GQDs) on lung carcinoma A549 (wild type p53) and H1299 (p53-null) cells
were investigated. Our data showed that medium concentration (50 pug/mL) of OH-GQDs significantly decreased the

viability of A549 and H1299 cells. OH-GQDs treatment enhanced intracellular reactive oxygen species (ROS) generation.

Furthermore, we found that treatment with ROS scavenger N-acetylcysteine (NAC) at least partially abolished the
cytotoxicity effect of OH-GQDs on A549 and H1299 cells. Hydroxylated GQDs lead to GO-G1 arrest and cells senescence.
Signal pathway analysis revealed that OH-GQDs activated the expression of p21 in both p53-dependent and -independent
manner. Consistent with this, OH-GQDs could also inhibit the phosphorylation of Rb in both A549 and H1299 cells. These
findings provide valuable information for the consideration of biomedical application of GQDs in the future.

Introduction

Graphene quantum dots (GQDs), as a new kind of zero-
dimensional (0OD) carbon material, are smaller than 100 nm in
size and have the single-atom layer in thickness.” ? Owing to
their particular chemical/physical properties, GQDs have the
great potential in various areas such as energy,
electrochemical, environmental and biomedical applications.l’
36 Among them, biomedical application is a new field and its
biological safety has caught much attention in recent years.
Due to its high water solubility and stability, GODs has better
biocompatibility when compared with other carbon-based
nanomaterials.” For instance, GQDs can serve as good vectors
for drug or protein molecular delivery. Wang et al. found that
without any pre-modification, GQDs could also efficiently
deliver doxorubicin (DOX) into the nucleus and significantly
increase the binding affinity of DOX to DNA, thereby improve
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its DNA cleavage activity and cytotoxicity even in drug resistant
cancer cells.® GQDs exhibit higher potency in drug delivery and
therapy (GO) or other
na\noparticles.7’8 In addition, based on the dependence of the
binding of Dox with GQDs on pH, GQDs can be designed as the
novel pH-sensitive drug delivery system to improve drug

cancer than grapheme oxide

releasing specifically in cancer cells which are slightly more
acidic than normal tissue and blood.’ Recently, Ge and
colleagues revealed that GQDs is a novel photodynamic
therapy agent through producing singlet oxygen in a multistate
sensitization process.10 The excellent luminescent properties
of GQDs also enable them to act as good fluorescent probes
for bioimaging simultaneously.n’ 12 Despite these studies have
proposed that GQDs seem to be the bio-friendly material,™ its
biomedical application will still be limited unless its potential
toxicity is carefully assessed.

Several recent studies have been performed to evaluate the
in vivo and in vitro toxicity of GQDs in different biosystems.
Wu’s study demonstrated that GQDs exhibit much lower
cytotoxicity in gastric and breast cancer cells when compared
with micrometer-size GO.™ Furthermore, Zhang’s group found
that GQDs with sizes vary from 3 to 5 nm have no obvious
toxic effect on mice. The biodistribution experiment revealed
no GQDs accumulation in main organs of mice.” On the other
hand, Qin and colleagues proved that GQDs could significantly
enhance the generation of reactive oxygen species (ROS) and
then lead to activation of inflammatory response through
activating p38MAPK and NF-kB signaling pathway in
ma\crophages.16 This study also revealed that GQDs result in
autophagy which has been recognized as the effector and
player in genotoxicants induced DNA damage response
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(DDR)." Consistent with this report, GQDs also induce ROS
generation in NIH-3T3 cells, through which GQDs increase the
expression of DNA damage response proteins, including Rad51,
0OGG1 and p53.18 These results indicated that GQDs are the
potential genotoxic agents. In response to DNA damage, the
cell will activate DNA damage response, in which the cells stop
cell cycle progression providing enough time to repair DNA
lesions. If the damage is irreparable, cells will ultimately launch
cell death program to prevent the genomic instability which is
highly correlated with pathophysiology and disease, such as
cancer.” Therefore, on the basis of these studies, the toxicity
of GQDs is still critical obstacle for its wide application in
biomedical fields.

The surface modification of nanomaterials can change their
characteristics. For instance, partially hydroxylated and
carboxylated GQDs exhibit a half-metallic state under almost
same electric-field intensity.20 The modifications also provide
the platform to conjugate with different functional molecules
to facilitate greater biocompatibility. Yuan et al. compared the
toxic effect of GQDs with different modified groups (NH2,
COOH and CO-N (CH3)2) and found that all of these modified
GQDs has good biocompatibility even in high concentration.”*
However, Wang et al. analyzed the toxicity of nitrogen-doped
graphene quantum dots (N-GQDs) in red blood cells (RBCs) and
found that N-GQDs disturb the order and conformation of lipid
and lead to the formation of echinocytes.22 Here, we studied
the cytotoxicity of hydroxyl-modified GQDs (OH-GQDs) and
demonstrated that 50 pg/mL OH-GQDs significantly inhibit the
viability of human lung carcinoma cells (A549 and H1299). OH-
GQDs could also enhance the ROS generation and block the
cell cycle at GO-G1 phase. Finally, OH-GQDs induce cells
senescence but not apoptosis (data not shown) through
promoting p21 expression and inhibiting phosphorylation of
Rb in both p53-dependent and -independent manners. Our
study will provide valuable information for GQDs toxicity
assessment.

Materials and Methods

Material Characterization

The hydroxyl-modified GQDs were purchased from XFNANO
Materials Tech Co. (Nanjing, lJiangsu, China). Physical
properties of GQDs were characterized by various techniques,
including transmission electron microscopy (TEM), dynamic
light scattering (DLS) and zeta potential analysis. The diameter
of GQDs was observed by TEM (FEI, Tecnai G2). Hydrodynamic
diameter of GQDs in PBS buffer was analyzed by a DLS
instrument. Zeta potential for GQDs was conducted using a
particle analyzer (Malvern, Zetasizer Nano-ZS).

Cell culture and treatment

The human lung carcinoma cell lines A549 and H1299 were
kindly provided by Dr. Hongying Yang at Medical College of
Soochow University, Suzhou, Jiangsu, China, and grown in
RPMI 1640 medium with 10% FBS (HyClone, Hudson, NH, USA)
at 37°C with 5% CO,. Cells were treated with various
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concentrations of hydroxyl-modified GQDs (XFNANO Materials
Tech Co, Nanjing, Jiangsu, China) for different time.

CCK-8 assay analysis of cell viability

A549 and H1299 cells were cultured in a 96-well plate at
density of 5X 10° cells/well. 24 hours later, cells were treated
with 12.5, 25, 50 and 100 pg/mL hydroxyl-modified GQDs for
24 and 48 hours. The negative control groups were incubated
with equal amount of PBS. The CCK-8 assay was performed
according to the instructions. In brief, 10 uL CCK-8 solution
(Beyotime, Shanghai, China) was added in each well and
incubated for 1 hour at 37°C. Absorbance was monitored at
450 nm and normalized to controls.

Cell cycle distribution analysis

A549 and H1299 cells were treated with 50 pg/mL OH-GQDs
for 24 and 48 hours, respectively. Cells were harvested and
then performed as previously described.”®

Measurement of intracellular ROS generation

A549 and H1299 cells were seeded into 60 mm’ dish at a
density of 1.5X10° mL™. 24 and 48 hours after 50 pg/mL OH-
GQDs treatment, cells were incubated with 200 pL of 100 uM
DCFH-DA (Sigma-Aldrich, St Louis, MO, USA) at 37 Cwith 5%
CO, for 30 min. After the aspiration of the DCFH-DA, cells were
harvested and the ROS probe was measured by flow cytometry.
The data was presented as the average ROS intensity.

Senescence-associated B-galactosidase staining

Cells were treated with 50 pg/mL OH-GQDs for 24 and 48
hours and then fixed in 2% fomaldehyde/0.2% glutaraldehyde
for 5 min at room temperature. The fixed cells were washed
twice with PBS and add [-galactosidase staining solution
containing 20 mg/mL X-gal (Beyotime, Shanghai, China), cells
were incubated for 6-10 hours at 37°C incubator without CO,.

Immunoblotting and Immunofluorescence analysis

Whole-cell lysate preparation and western blotting were
mentioned in our published paper.24 The primary antibodies
used for western blotting analysis are anti-p21 (1: 1000, Cell
Signaling Technology, Danvers, MA, USA) antibody, anti-p53
(1:1000, Cell Signaling Technology, Danvers, MA, USA)
antibody, anti-PIG3 (1:1000, Santa Cruz, California, CA, USA)
antibody, anti-pRb, Rb (1:1000, Cell Signaling Technology,
Danvers, MA, USA) antibodies and GAPDH (1:1000, Santa Cruz,
California, CA, USA) antibody. Secondary antibodies were the
goat anti-rabbit and IgG-horseradish peroxidase
conjugated (Pierce, Rockford, IL).

For immunofluorescence assay, A549 and H1299 cells were
seeded on slide covers in 35 mm?” dishes. Cells were treated
with 50 pg/mL OH-GQDs for 24 and 48 hours and then fixed
with 4% (v/v) paraformaldehyde. The immunofluorescent
staining were performed as previously described.?® In brief, the
fixed cells were blocked in blocking buffer (2% BSA/PBS) for 30
min at room temperature. Cells were incubated with an anti-
p21 (1: 200, Cell Signaling Technology, Danvers, MA, USA)
antibody and an anti-p53 (1: 200, Cell Signaling Technology,
Danvers, MA, USA) antibody for 4 hours at room temperature.

-mouse
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Fig. 1 Characterization of GQD. (A) Typical TEM image of GQD (Scale 5nm). (B) The hydrodynamic diameter of GQD.

The cells were then incubated with Alexa-568- and Alexa-488-
conjugated secondary antibodies (BD Pharmingen, San Diego,
CA, USA) for 1 h. Nucleus were stained with 100ug/mL DAPI in
mounting solution. Confocal immunofluorescence microscopy
was performed using an LSM 510 laser-scanning confocal
microscope (Carl Zeiss, Oberkochen, Germany).

Statistical analysis

SD of at least three
independent experiments. The results were tested significance
using the unpaired Student’s t test.

Data is presented as the mean %

Results

Characteristics and morphology of OH-GQDs

The hydroxylated GQDs were obtained commercially. GQDs
were monodispersed with average diameter of 5.6 £ 1.1 nm,
which was calculated by measuring at least 100 GQDs under
transmission electron microscopy (TEM). We used the dynamic
light scattering (DLS) method to measure their hydrodynamic
diameters. As shown in Figure 1B, the hydrodynamic diameter
of GQD is 10.3 + 1.9 nm. The GQDs were negative charged,
evidenced by -5.0 mV as the zeta potential, which was
analyzed using a particle analyzer. GQDs were ultrasonic 5 min
and vortex 1 min before use.

The effect of hydroxylated GQDs on cellular viability of lung
carcinoma cells

Wang et al. reported that GQDs could induce the expression of
p53, which is a tumor suppressor and is correlated with DNA
damage response.18 Here, we determined whether
hydroxylated GQDs have different effect of proliferation and
cell cycle progression on cells with different p53 gene status.
Human lung carcinoma A549 (wild type p53) and H1299 (p53-
null) cells were incubated with different concentration (12.5,

This journal is © The Royal Society of Chemistry 2016

25, 50 and 100 pg/mL) of hydroxylated GQDs for 24 and 48
hours. As shown in Figure 2 A and B, a significant decrease of
cell proliferation was induced by OH-GQDs in a concentration
dependent manner in both cell lines. The A549 cells viability
was found to be 76.8% and 65.2% when cells were exposed to
50 and 100 pg/mL OH-GQDs for 24h, and the cells viability
decreased to 58.9% and 31.7% when cells were incubated with
50 and 100 pg/mL OH-GQDs for 48h, respectively. The cells
viability for H1299 cells was reduced to 86.9% and 64% when
the cells were exposed to 50 and 100 pug/mL OH-GQDs for 24h,
and to 88.4% and 34.1% when the cells were exposed to 50
and 100 pg/mL OH-GQDs for 48h (Figure 2A and B). We further
treated A549 and H1299 cells with 50 pg/mL hydroxylated
GQDs for different time (24, 48, 72 and 96h), and cells
proliferation speed was determined by cells counting. As
Figure 2 C and D shown, 50 pug/mL OH-GQDs almost totally
inhibited the proliferation of A549 cells after 72h treatment.
H1299 are still growing when exposed to 50 ug/mL OH-GQDs,
however, the proliferation speed significantly slowed down in
OH-GQDs treated group when compared with control cells.
These results indicated that hydroxylated GQDs have obvious
cytotoxicity towards lung cancer cells in a concentration
dependent manner.

Hydroxylation modified GQDs induced the accumulation of G0O-G1
cells population of cell cycle

To further ascertain the effect of OH-GQDs on cell growth, the
cell cycle distribution of A549 and H1299 cells were analyzed
by flow cytometry. The A549 and H1299 cells were incubated
with 50 pg/mL OH-GQDs for 24 and 48 hours. OH-GQDs
resulted in a significantly increased accumulation of GO0-G1
population in both A549 and H1299 cells. The percentage of
GO0-G1 cells increased from 55.1% to 81.1% in A549 cells, and
from 42.9% to 69.1% in H1299 cells after OH-GQDs treatment
for 48 hours. Such data suggested that medium concentration
of OH-GQDs was enough to induce robust GO-G1 cells

Toxicol. Res., 2016, 00, 1-10 | 3
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Fig. 2 Evaluation of cytotoxicity of hydroxyl-modified GQDs. (A, B) Cell viability after exposure to indicated concentration of OH-
GQDs (12.5, 25, 50,100 pg/mL) for 24 and 48 hours, respectively. Data are expressed as mean t standard deviation (S.D.), *p <
0.05, **p < 0.01, n= 5. (C, D) 1.6x10° A549 cells and 1.4x10° H1299 cells were plated at day 0 and cells were treated or
untreated with 50 pg/mL OH-GQDs for indicated time. Cell numbers were counted at indicated day to generate a growth curve.
The data are the mean + S.D. from three tests, **p < 0.01 compared with control group at the same time point. (E, F) A549 and
H1299 cells were exposed to 50 pg/mL OH-GQDs, meanwhile, cells were treated with indicated concentration of ROS scavenger
NAC (1, 2 and 5 mM) for 48 hours. Cell viability was determined by CCK-8 assay. The data are the mean % S.D. from five tests.

accumulation through an unknown mechanism of cell cycle
arrest, quiescence or senescence induction in both A549 and
H1299 cells (Figure 3A, B).

OH-GQDs enhance ROS generation in A549 and H1299 cells
There are several groups have revealed that GQDs could
promote the generation of ROS in different types of cells. To

4 | Toxicol. Res., 2016, 00, 1-10

further confirm the ROS generation of lung carcinoma cells
after treated with OH-GQDs, the DCFH-DA measurement was
performed. We treated A549 and H1299 cells with 50 pg/mL
OH-GQDs for 24 and 48 hours. As shown in Figure 4, OH-GQDs
treatment significantly increased the ROS levels in A549 cells
48 hours after exposure. H1299 cells exhibited higher basal

This journal is © The Royal Society of Chemistry 2016
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Fig. 3 Effect of hydroxylated GQDs on cell cycle distribution. (A, B) A549 and H1299 cells were treated with 50 ug/mL OH-GQDs for 24 and 48
hours, cell cycle distributions of these groups were detected by flow cytometry assay. The data are the mean * S.D. from three tests.
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Fig. 4 Hydroxyl-modified GQDs enhanced the generation of ROS. A549 and H1299 cells were treated with 50 pg/mL OH-GQDs for 24 and
48 hours, cells were then incubated with 200 pL of 100 uM DCFH-DA for another 30 min at 37 °C. Cells were collected and detected using a
525-nm bandpass filter by flow-cytometric analysis. (A, C) Representative pictures of flow cytometry for the DCHF-DA probes. (B, D)
Analysis by flow cytometry of the DCF+ incorporation rate in OH-GQDs treated or control groups of A549 and H1299 cells.

level of ROS and OH-GQDs could further enhance ROS generation.
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To further determine whether ROS plays the essential role in
OH-GQDs-induced cytotoxicity. Different concentration (1, 2
and 5 mM) of ROS scavenger N-acetylcysteine were incubated
with A549 and H1299 cells which were exposed to 50 pg/mL
OH-GQDs at the same time. As shown in Figure 2E and F, NAC
significantly rescued the cell growth inhibited by OH-GQDs.

OH-GQDs induces senescence in lung carcinoma cells

Continuous generation of ROS can lead to cells permanently
exit from cell cycle, which is known as cellular senescence.
Hence, we investigated the effect of OH-GQDs on senescent
phenotype in both A549 and H1299 cell lines. Senescence-
associated beta-galactosidase (SA-B-gal) activity was detected
using SA-B-gal staining. Figure 5 clearly showed that 50 pug/mL
OH-GQDs treatment led to marked increase of senescence in
both A549 and H1299 cells. Consistent with this result, we also
found that OH-GQDs treated cells displayed an enlarged cell
size which was recognized a marker of senescent cells (Figure
5).

Because p53-p21 pathway play an important role in ROS
induced senescence, we therefore examined the expression
levels of p53 and p21 in these cells using immunofluorescent
staining and Western blotting assays. We found that OH-GQDs
dramatically promoted the accumulation of p21 in A549 cells
48h after treatment, but don’t affect the expression of another
p53-induced gene, PIG3, which is reported to be correlated
with p53-dependent apoptosis. Interestingly, OH-GQDs also

Ctri 24h

A549

H1299

induced the expression of p21 in p53-deficient H1299 cells
despite the signal was weaker comparing with the signal in
p53-wt A549 cells, suggesting other upstream regulator also
participates in OH-GQDs induced cell senescence (Figure 6).
We have also observed that OH-GQDs inhibited the
phosphorylation of Rb protein (Figure 6). These finding
indicated that OH-GQDs induce ROS production, through
which OH-GQDs activate p21 signal pathway in both p53-
dependent and -independent manners. The activated p21 play
an important role in mediating cell cycle arrest and inducing
senescence (Figure 6C).

Discussion

Although the cytotoxicity of GQDs with or without
modifications has been reported in a few recent studies, the
conclusions are still contradictory.”' 16, 18, 21 Moreover, the
effects of hydroxylated GQDs on biosystems have not been
elucidated. Here, our study demonstrated that the OH-GQDs
exhibit obvious cytotoxicity on lung carcinoma A549 and
H1299 cells, which have different p53 gene status (Figure 2).
Medium concentration of OH-GQDs (50 pg/mL) almost totally
inhibit the cell growth in A549 (wild type p53) cells and can
also dramatically slow down H1299 (p53 null) cells growth
speed (Figure 2). p53 is one of the most studied tumor
suppressor and plays an important role in genomic stability

B
48h £ 30 - A549

g7
g

} @ 20 -
=
e

o 10 !
®
Q

a 0

Ctrl 24h  48h
D =
& 60 - H1299

o
. a

. S 40 -
2

g 20
(=B
=

Q -
(<=8

Ctrl 24h 48h

Fig. 5 Hydroxyl-modified GQDs induced cellular senescence in lung carcinoma cells. A549 and H1299 cells were treated with 50
ug/mL OH-GQDs for 24 and 48 hours and then stained with X-Gal. (A, C) Representative image of SA-BGal activity after 24 and
48 hours treatment. (B, D) Quantitative analysis of senescent cells. The data are presented as the means + SD of three

independent experiments.
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maintenance through responding to various environmental
stimuli.?® Wang et al. revealed that GQDs could induce the
expression of p53 in NIH-3T3 cells using flow cytometry
analysis.18 In the present study, we didn’t find the increased
expression of p53 in hydroxylated GQDs-treated A549 cells
using Western blotting method (Figure 6). However, we
observed that OH-GQDs significantly promote the
accumulation of p53 in the nucleus 24 and 48 hours after

exposure (Figure 6A). As a transcription factor, nuclear

A549

p53/p21/DNA

OH-GQDs Ctrl 24 48 Ctrl 24 48(h)

P53 | == e
P21 | w= - —
PIG3 | e v e
PRb | = —
T [ —
GAPDH | wr o e s s s

Toxicology Research

translocation of p53 is necessary for its binding with DNA and
achieving its activation.”’ Therefore, our data indicated that
OH-GQDs might contribute to p53 activation through
facilitating p53 nuclear retention. Why unmodified GQDs
enhance the expression of p53, whereas hydroxylation
modified GQDs regulate the cellular localization of p53
remains an interesting questions.

In response to diverse stresses, activated p53 bind to DNA
as a tetramer to transactivate or transrepress numerous target

H1299

p53/p21/DNA

faoe] — wos

Senescence
signals

\

E

/

-
—I 5 )
N

Cell cycle arrest
/ Senescence

Fig. 6 Signaling pathway analysis after hydroxyl-modified GQDs treatment. A, A549 and H1299 ells were fixed 24 and 48 hours after
exposure to 50 ug/mL OH-GQDs and subjected to immunofluorescent analysis, the signal of p53 and p21 were detected. B, A549 and
H1299 ells were lysed 24 and 48 hours after exposure to 50 pug/mL OH-GQDs and subjected to Western blot analysis, the expression of
p53, p21, Rb, phosphorylated Rb and PIG3 were determined. C, The work model of the effect of OH-GQDs on induction of cell cycle
arrest and senescence through activation of p21, Rb signal pathways in both p53-dependent and -independent manner.
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genes which involved in different cellular responses, including
cell cycle arrest, cellular senescence and apoptosis.28 p21 is
one of p53-activated factors and was first discovered as a
mediator of cell cycle arrest by inhibiting activity of cyclin-
dependent kinase (CDK). Our results showed that OH-GQDs

markedly induced the expression of p21 in A549 cells (Figure 6).

Interestingly, we also observed the significantly increased
expression of p21 in p53-null lung cancer H1299 cells after OH-
GQDs treatment. In addition to p53, several other
transcription factors can bind to p21 promoter to regulate p21
expression. For example, forkhead box A1/2 is required for p21
transcription in p53-null H1299 cells.”® Chk2 can activate p21
transcription in p53-deficient breast cancer HaCaT and SK-BR-3
cells.*® Furthermore, transcription factors including SP1,31
ATM,32 Brcal®® and c—Myc34 were demonstrated to involve in
p21 activation even in p53 deficient cells. The potential signal
pathways that participate in OH-GQDs-induced p21 activation
in p53-null H1299 cells merit further exploration. Due to the
important role of p21 in cell cycle arrest, we analyzed the cell
cycle distribution of A549 and H1299 cells and discovered that
treatment with 50 pg/mL OH-GQDs resulted in robust
increased accumulation GO0-G1 cells population in both of
these two lung cancer cell lines used in this study (Figure 3).
Together, our results indicated that OH-GQDs could halt cell
cycle progression by activating the expression of p21 in both
p53-dependent and -independent manner.

In addition to GQDs, several other nanoparticles have been
shown to activate p21 signaling, most probably via induction of
oxidative stress,35 such as silica nanoparticles36 and zinc oxide
nanoparticles’’. Wang®® and Qin'® have shown that GQDs
treatment increase the intracellular ROS generation.
Consequently, our finding showed that OH-GQDs significantly
promote ROS generation in lung carcinoma cells. Furthermore,
we demonstrated that treatment of cells with NAC, a ROS
scavenger, could at least partially protect cells against OH-
GQDs mediated cytotoxicity (Figure 2E and F). p53 has both
pro-oxidant and antioxidant properties in response to various
stresses through activating different groups of downstream
target genes. For example, p53 has been implicated in
regulation of a subset of important antioxidant factors
including glutathione peroxidase 1 (GPX1) and mitochondrial
superoxide dismutase 2, suggesting it has the essential role in
antioxidant defence system.as’ 3 Meanwhile, p53 also
transactivates a serial of genes encoding proteins that
promote intracellular ROS generation.*” ** In p53-null H1299
cells, we observed the higher basal level of ROS when
compared with A549 cells, indicating that p53 might play the
important role in inhibiting oxidative stress in lung carcinoma.
On the other hand, Polyak et al. first proposed a model in
which p53-induced apoptosis is associated with the generation
of cellular ROS mediated by PIGs, such as p53-induced gene 3
(PIG3) which is a homolog of NADPH:quinone oxidoreductase
and has been implicated in p53-induced apoptosis.*’ In the
present study, we found that OH-GQDs didn’t affect the
expression level of PIG3. Consistent with this, we didn’t find
the effect of OH-GQDs on cells apoptosis (Data not shown).
How OH-GQDs influence the p53-induced genes expression

8 | Toxicol. Res., 2016, 00, 1-10

profile and ultimately determine the fate of cells still remains
unclear.

Sustained generation of ROS induces the intracellular
oxidative stress which will eventually lead to cellular
senescence through activating p21 signal pathway.42 The
retinoblastoma protein (Rb) plays essential role in cellular
senescence maintenance. The tumor suppressor Rb binds to
the transcription factor E2F and blocks its interaction with
target genes which function to facilitate G1/S cell cycle
transition. The Cyclin/CDK mediated phosphorylation of Rb
disrupts the binding of Rb to E2F,43 allowing the promotion of
normal cell cycle progression. p53-dependent or -independent
p21 activation can inhibit cyclin/CDK activity and
phosphorylation of Rb. Our data showed that OH-GQDs induce
cellular senescence and the phosphorylation of Rb was
suppressed in both lung carcinoma p53 wild-type A549 and
p53 deficient H1299 cells. Altogether, our investigation
demonstrated that nanomaterial OH-GQDs induce cell cycle
arrest, senescence might via activating p21-Rb signal pathway
in both p53-dependent and -independent pathway. Recently,
Ulusoy and colleagues’ work evaluated the cytotoxicity effects
of CdTe/CdS/ZnS quantum dots on three-dimensional (3D)
spheroid cultured human adipose-derived mesenchymal stem
cells (hAD-MSCs).** It warrants further investigation to assess
the cytotoxicity of OH-GQDs using the 3D in vitro model.

Conclusions

Our study indicated that hydroxyl-modified GQDs exhibits
obvious cytotoxicity on lung carcinoma cells. OH-GQDs are
able to regulate intracellular ROS generation and GO-G1 cell
cycle arrest. In addition, hydroxylated GQDs treatment leads
cellular senescence which might be mediated by activating
p21-Rb signal pathway in both p53-dependent and -
independent manner.
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OH-GQDs exhibit obvious cytotoxicity on lung carcinoma cells via inducing cells senescence in
both p53-dependent and -independent manner.
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