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Summary

Carbon dots prepared from different sources have been widely studied in various medical
applications. Those dots have been reported to be able to inhibit the proliferation of cancer
cells, such as prostate cancer cells. The current study used carbon dots prepared from
red beans to determine their effect on 16 cell lines including liver cancer cells, pancreatic
cancer cells, intrahepatic cholangiocarcinoma cells, and colorectal adenocarcinoma cells.
In a cellular viability experiment, carbon dots were found suppress cancer cell viability in
a time- and dose-dependent manner. In a cell migration experiment, cancer cells treated
with carbon dots had less ability to heal, suggesting that carbon dots inhibit cell migration.
In another cellular viability experiment, a combination of carbon dots and doxorubicin
resulted in greater inhibition than cells treated with either therapy alone. These findings
suggest that carbon dots could be an alternative and complementary medicine for the
treatment of cancers.
Keywords: Carbon dots, liver cancer, pancreatic cancer, intrahepatic cholangiocarcinoma,
colorectal adenocarcinoma, combination therapy

1. Introduction
Cancer is a group of diseases involving abnormal cell
growth with the potential to invade or spread to other
parts of the body (1). In 2018, 18.1 million new cases
of cancer and 9.6 million deaths occurred globally.
About 20% of males and 17% of females will develop
cancer at some point in time, while 13% of males and
9% of females will die from it (2). There are many
options for cancer treatment; the primary ones include
surgery, chemotherapy, radiation therapy, and targeted
therapy (3-7). However, current therapeutic methods
have several drawbacks, such as the inability to kill
microscopic disease, damage to nearby normal tissues,
toxicities and adverse reactions, and resistance. Based
on the limitations of those options, increasing attention
is being devoted to the development of novel drugs and
medical materials (8).
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Due to their unique physicochemical features and
their ability to enter cells, carbon nanomaterials possess
great potential for biomedical applications (9-11). The
utilization of carbon nanomaterials as innovative drug
delivery systems for chemotherapeutics and other
bioactive compounds has extensively been studied over
the past few years (12-14). Studies have suggested
that carbon-based materials, such as carbon fibers,
carbon nanotubes, and carbon dots, are able to enhance
apoptosis and inhibit proliferation of cancer cells
through a series of signaling pathways (15,16).
Carbon dots prepared from different sources have
been widely studied in imaging and drug delivery but
less so in terms of intracellular activity and mechanisms
of potential anticancer action (17). As an example,
carbon dots prepared from a spice have been found to
be able to inhibit tumor growth in a xenograft model
(17). Another study found that carbon dots prepared
from tea can bind to certain amino acids on ARF and
colocalize with ARF in the nucleus, thus sensitizing
cancer cells to rapamycin (18,19). The current study
used an atomic carbon material (Australian patent
number: 2005230336, Figure 1). Carbon dots were
prepared from red beans to determine if they could
inhibit the proliferation and migration of several cancer
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were then prepared in cell culture medium.
2.4. Cell viability assay

Figure 1. STEM model. HAADF-STEM: High-angle annular
dark-field scanning transmission electron microscopy. BFSTEM: Bright-field scanning transmission electron microscopy.

cell lines and if they could promote the inhibitory
effect of a conventional chemotherapy drug when
administered in combination.
2. Materials and Methods
2.1. Reagents
High-glucose Dulbecco's modified Eagle's medium
(DMEM) and fetal bovine serum (FBS) were purchased
from Gibco (Gaithersburg, MD, USA). Penicillin
and streptomycin were also purchased from Gibco
(Gaithersburg, MD, USA). Cell Proliferation Kit I was
purchased from Roche Applied Science (Penzberg,
Upper Bavaria, Germany). Doxorubicin was purchased
from Sigma (St. Louis, MO, USA). Carbon dots were
donated by the New Japan Medical Institute (Bunkyo,
Tokyo, Japan).
2.2. Cell lines and maintenance
Liver cancer cell lines (HepG2, HepG2.2.15, PLC/
PRF/5, Huh-7, Huh-1, HLE, HLF, SK-Hep-1, Hep3B,
and BEL-7402), pancreatic cancer cell lines (Panc-1,
CAPAN-1, MIA-Paca-2, and SUIT-2), an intrahepatic
cholangiocarcinoma cell line (RBE), and a colorectal
adenocarcinoma cell line (DLD-1) were used in this
study. These cell lines were maintained in DMEM
medium supplemented with 10% fetal bovine serum,
100 unit/mL penicillin, and 100 mg/mL streptomycin
at 37°C in a humidified incubator with a 5% CO 2
atmosphere.
2.3. Dispersion of carbon dots
Dispersions of carbon dots were prepared using human
serum albumin (HSA; Baxter, Unterschleissheim,
Germany). HSA was diluted with phosphate-buffered
saline (PBS) and added to the carbon dots at a ratio of
1:1 by weight, followed by sonication with an ultrasonic
tip (Sonoplus HD 2070, Bandelin; Heinrichstra, Berlin,
Germany) for 5 min at 30% power. Different dilutions

Cells were seeded in 96-well plates at a density of 2 ×
103 per well and treated with reagents for 24, 48, and 72
h. The cytotoxicity of CQD was analyzed with an MTT
[3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium
bromide] assay using Cell Proliferation Kit I according
to the manufacturer's instructions. Each experiment was
performed in triplicate. Cell viability was expressed as a
percentage of the control.
2.5. Wound healing assay
Cells were seeded in six-well plates and cultured until
confluent. A sterile 200 μL pipette tip was used to make
a straight scratch, simulating a wound. Cells were
then rinsed with PBS (very gently as sheets of cells
may detach if care is not exercised) and replaced with
1.5 mL of medium containing reagents. Cells were
photographed using phase contrast and a magnification
of 10×, and cells were photographed again 24, 48 and
72 h later. After each measurement, old medium was
replaced with fresh medium containing additives.
2.6. Statistical analysis
All experiments were performed in triplicate, and
results were analyzed via one-way analysis of variance
(ANOVA) using GraphPad Prism 4, followed by the
Student's t-test performed using the Microsoft Office
software Excel. p < 0.05 was considered to indicate a
significant difference.
3. Results and Discussion
3.1. Carbon dots inhibited the proliferation of cancer
cells
An MTT assay was used to estimate the extent to
which carbon dots inhibited the proliferation of liver
cancer cell lines (HepG2, HepG2.2.15, PLC/PRF/5,
Huh-7, Huh-1, HLE, HLF, SK-Hep-1, Hep3B, and
BEL-7402), pancreatic cancer cell lines (Panc-1,
CAPAN-1, MIA-Paca-2, and SUIT-2), an intrahepatic
cholangiocarcinoma cell line (RBE), and a colorectal
adenocarcinoma cell line (DLD-1). As shown in Figure
2, carbon dots significantly inhibited those cell lines.
Cancer cells were treated with various concentrations of
carbon dots (5 mg/mL, 0.5 mg/mL, 0.05 mg/mL), and
proliferation was measured at 24, 48, and 72 h. Results
indicated that the inhibitory effect of carbon dots was
dose- and time-dependent and that carbon dots most
markedly inhibited cell proliferation at a concentration
of 5 mg/mL. These findings suggest that carbon dots
inhibit the proliferation of liver cancer cells, pancreatic
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Figure 2. Inhibition of cancer cell growth by carbon dots.

cancer cells, intrahepatic cholangiocarcinoma cells,
and colorectal adenocarcinoma cells. They may
substantially inhibit other types of cancer cells as well.
Further study is needed to determine the molecular
mechanism of that inhibitory effect.
3.2. Carbon dots inhibited the migration of cancer cells
A wound healing assay was used to investigate the
effects of carbon dots on the migratory ability of cancer
cells. Six liver cancer cell lines (HLF, SK-Hep-1,
Huh-7, HLE, HepG2, and Hep3B) were used in this
experiment. After treatment with different reagents for
72 h, marked changes in healing were evident in cancer
cells (Figure 3). Changes in the area of the scratch were
analyzed in photographs to quantify cell migration. As
shown in Figure 3, cells treated with carbon dots had
less healing than the control group (p < 0.05). These
results suggested that carbon dots can decrease the
migration of liver cancer cells. Further study is planned
to determine if carbon dots act similarly on other types
of cancer cells and the molecular mechanism of that
action.
3.3. Combination therapy inhibited cancer cells to a
greater extent
An MTT assay was used to determine the extent to

Figure 3. Detection of the extent to which carbon dots
inhibited the migration of cancer cells.
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Figure 4. Detection of the extent to which the combined
therapies inhibited cancer cells.

which a combination of carbon dots and doxorubicin
inhibited cell proliferation. Six liver cancer cell lines
(HLF, SK-Hep-1, Huh-7, HLE, HepG2, and Hep3B)
were used in this experiment. Four experimental groups
were established: a carbon dot group (0.5 mg/mL), a
doxorubicin group (800 nM), a combined therapy group
(0.5 mg/mL carbon dots + 800 nM doxorubicin), and a
control group. As shown in Figure 4, cell inhibition was
greater in the combined therapy group than in either
the carbon dot group or the doxorubicin group (p <
0.05). This may indicate that combined administration
could increase the therapeutic efficacy of conventional
chemotherapy drugs.
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4. Conclusion
The current study found that carbon dots prepared
from red beans were able to inhibit the proliferation
and migration of various types of cancer cells. A
combination of carbon dots and a conventional
chemotherapy drug inhibited cancer cells more than
either therapy alone. Taken together, these findings
suggest that carbon dots might be an effective
alternative and complementary medicine for the
treatment of cancers.
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