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Cancer is one of the life-threatening diseases which is rapidly
becoming a global pandemic. Driven by the need, here we
report for the first time aptamer conjugated theranostic
magnetic hybrid graphene oxide based assay for highly
sensitive tumor cell detection from blood sample with
combined therapy capability. AGE-aptamer conjugated
theranostic magnetic nanoparticle attached hybrid graphene
oxide was developed for highly selective detection of tumor
cells from infected blood sample. Experimental data indicate
that hybrid graphene can be used as multi-color luminescence
platform for selective imaging of G361 human malignant
melanoma cancer cells. Reported results have also shown that
indocyanine green (ICG) bound AGE-aptamer attached
hybrid graphene oxide is capable of combined synergistic
photothermal & photodynamic treatment of cancer.
Targeted combined therapeutic treatment using 785 nm NIR
light indicates that the multimodal therapeutic treatment is
highly effective for malignant melanoma cancer therapy.
Reported data show that aptamer conjugated theranostic
graphene oxide based assay has exciting potential for
improving cancer diagnosis and treatment.

Introduction

Cancer is known for more than three thousand years, but till in
21st century, it is one of the most life-threatening diseases, causes
1 in 8 deaths worldwide . With advances on our understanding
of the signaling pathways, now we realize that the detection of
circulating tumor cells (CTCs) could be an invaluable tool for the
early stage detection of cancer and for monitoring the progression
+1° "Malignant melanoma is the most deadly human skin cancer,
which is responsible for 75.2% of skin cancer—related deaths.
Malignant melanoma cell line G361 is aggressive form of skin
cancer that is highly resistant to conventional therapies and
known to be resistant to apoptosis . As a result, simple blood
test for the finding of circulating G361 melanoma cells can help
to identify if melanoma has spread to other areas of the body.

? Department of Chemistry and Biochemistry, Jackson State University,
Jackson, MS, USA; E-mail:paresh.c.ray@jsums.edu; Fax:+16019793674

50

60

o
X

Dye bound Aptamer

Scheme 1: Schematic representation showing aptamer bound
theranostic magnetic nanoparticle attached hybrid graphene oxide
with targeted separation, diagnostic and combined synergistic
treatment capability of malignant melanoma cancer cells.

Since CTCs are the very few rare malignant cells in blood
containing several millions of red blood cells, extremely sensitive
and specific methods are required to detect early stage CTCs *7.
In the last decade, due to the remarkable electronic and structural
properties, graphene has revolutionized the scientific community
1933 However, the development of graphene-based material for
selective CTC detection and therapy is still in its infancy **'.
This requires graphene with novel functionality which has
selective bio-sensing and therapy capability. Driven by the need,
here we report that aptamer conjugated theranostic graphene
oxide based assay has exciting potential for improving cancer
diagnosis by detecting CTC from infected blood. Recently,
several articles have demonstrated that photoluminescence of
graphene can be observed by modifying with various oxygen-
containing groups or by reducing its size to the nanometer scale
30-33 " By using the wonderful tunable fluorescence properties of
graphene oxide (GO), here we demonstrate that hybrid graphene
can be used as multi-color luminescence platform for selective

This journal is © The Royal Society of Chemistry [year]

[journal], [year], [vol], 00-00 | 1



o

=3

@

20

25

3

S

3

&

4

S

45

w
=

60

Faraday Discussions

imaging of G361 human malignant melanoma cancer cells, as
shown in Scheme 1. Since AGE-aptamer is known to be selective
for G361 human malignant melanoma cancer cells °, we have
used AGE-aptamer attached hybrid graphene oxide for selective
imaging of malignant melanoma cancer cells. Our reported
results also show that the multimodal therapeutic action using
ICG-bound hybrid graphene oxide is highly promising for
malignant melanoma cancer therapy.

Molecular underpinnings of cancer drug resistance has advanced
significantly '*"’. We now understand that a single therapeutic
agent can have limited efficiencies in clinical environment due to
the drug-resistance profiles ', As a result, multimodal therapy
holds highly promising strategy with minimum side effects '*'".
Design of theranostic hybrid graphene oxide for selective
diagnostic and therapeutic cancer therapy can have revolutionary
impact on the pharmaceutical industry***’. In the last decade,
several different types of nanoparticle based therapeutic
approaches have been developed for possible cancer treatment ',
Among all these, near infrared light driven photothermal therapy
(PTT) and photodynamic therapy (PDT) have been shown to
possess unique advantages, including remote controllability, low
systemic toxicity and side effects >1>**%’. Since the combination
of therapeutic approaches may cooperatively suppress cancer
development '***7_ here we report the indocyanine green (ICG)
bound magnetic nanoparticle attached graphene oxide platform
for combined photodynamic and photothermal synergistic
targeted therapy of cancer, as shown in Scheme 1. ICG is a water-
soluble photosensitizer approved by the U.S. Food and Drug
Administration (FDA) ***7. Experimental data demonstrated that
due to the synergistic effect, the therapeutic efficacy of nano-
platform was enhanced significantly compared to PDT or PTT
alone.

Experimental

All chemicals, including graphite, KMnO,, sodium borohydride,
iron chloride, sodium citrate, were purchased from Sigma-
Aldrich and Fisher Scientific. We have obtained G361 melanoma
cells, growth media to grow cancer cells, buffered saline, trypsin,
and fetal bovine serum from the American Type Culture
Collection (ATCC, Rockville, MD).

Preparation of Amine functionalized magnetic nanoparticles

The magnetic nanoparticles were prepared using two-step
processes as shown in Scheme 2A. For this purpose, in the first
step we have dissolved FeCl; (1.0g) in ethylene glycol (30mL). In
next step, anhydrous sodium acetate (2.0g) and 1,6-hexadiamine
(6.5g) were added and stirred vigorously to acquire a transparent
solution. The mixture was sealed in a Teflon-lined stainless steel
autoclave and was heated at 198 °C for 6 h. The product washed
with hot water and ethanol (3 times) under ultrasonic condition
using a magnet to remove the solvent and unbound 1,6-
hexadiamine effectively, and then dried at 50 °C to gain the black
powder. Magnetic nanoparticles were characterized using JEM-
2100F transmission electron microscope (TEM) as shown Figure
1A, which shows that the average particle size is about 40 nm.
Magnetic properties were determined using a superconducting
quantum interference device (SQUID) magnetometer at room
temperature, which indicates super-paramagnetic behavior with
specific saturation magnetization of 43.5 emu g for the amine-
functionalized magnetite nanoparticles.

es Preparation of magnetic nanoparticle attached hybrid
graphene oxide

Magnetic nanoparticle attached graphene oxide was synthesized
using several step processes as shown in Scheme 2B. At first,
graphene oxide was prepared from graphite. For this purpose, we
have used modified Hummers reported method ** for graphite
exfoliation.
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Scheme 2: A) Schematic representation showing our synthesis
procedure to develop magnetic nanoparticle. B) Schematic
representation showing our synthesis procedure to develop

so magnetic nanoparticle attached hybrid graphene oxide.

S

We have used strong oxidizing agents to yield graphene oxide as
shown in Scheme 1B. For this purpose, 1g of graphite powder
was added to 1g of NaNOs in 45 mL of H2SO4, under stirring in
an ice bath. Then 3g of KMnO4 added very carefully, to not to
increase the temperature. Next, we have transferred the reaction
mixture container to a water bath, which is at 35 °C and stirred it
for 30 minutes. A thick paste was obtained. After that, 45 mL of
water was added drop wise very carefully. During the addition of
water, temperature raised to around 95 to 98 © C. Then we have
added 140 mL of water and kept the mixture for 30 more
minutes. Next, we have performed filtration and re-dispersed the
obtained graphene oxide in 100 mL of water. After that, we have
performed sonication for 1 hour for exfoliation. After that, we
have characterized water soluble graphene oxide using IR and
Raman spectroscopy, as we have reported recently.
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In the next step, for the attachment of amino-functionalized
magnetic nanoparticle with graphene oxide, acid chloride
functionalized graphene oxide were prepared. For this purpose, -
COOH functionalized graphene oxide was treated with thionyl
chloride in the presence of dimethylformamide catalyst. As
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shown in the Scheme 1B, the acid chloride group was
used as a chemical anchor for the connection with amine
functionalized magnetic nnaoparticles. Transmission electron
microscopy (TEM, JEM-2100F instrument) data, as shown in
s Figure 1B, clearly indicate that in hybrid graphene oxide,
magnetic nanoparticles are attached onto graphene oxide. Size of
magnetic nnaoparticle in hybrid graphene oxide is about 40 nm.
From Figures 1A and 1B, we can clearly see that the size and
shape of magnetic nanoparticle remain the same after
10 conjugation, which indicates that the morphology of magnetic
nanoparticle remains unchanged during coupling between
graphene oxide and magnetic nanoparticle. Our experimental data
also indicate that magnetic nanoparticle agglomeration is much
lower when nanoparticles are attached with graphene oxide, . . .
1s which will be useful for bio-medical applications. Figure 1D 800 1200 1600 2000
indicates that our hybrid graphene oxide is highly magnetic, and Wavenumber (cm'1)
as a result, we can separate them by using a small bar magnet.
superconducting quantum interference device (SQUID)
measurement indicates that hybrid graphene oxide exhibits super-
20 paramagnetic behavior with specific saturation magnetization { b J

4000

3000

2000

SERS Intensity (a.u.)

1000

26.4 emu g . Figure 1C shows the Raman spectrum of hybrid
graphene oxide, which displays a D-band at 1340 cm™ and a G-
band at 1612 cm™.'®% In the reported spectra, the strong D
band clearly indicates that the degree of oxidation is high. To
25 understand the amount of magnetic nanoparticle in the hybrid
graphene oxide, we have used thermogravimetric analysis (TGA),
using Perkin-Elmer thermogravimetric analyzer. From the TGA
data we have estimated that the mass fraction of magnetic
nanoparticle and graphene oxides are about 30 and 70 wt %,
30 respectively.

40
Figure 1: A) TEM picture shows the morphology of freshly
prepared magnetic nanoparticle. B) TEM picture shows the
morphology of freshly prepared magnetic nanoparticle attached
hybrid graphene oxide . C) Raman spectra showing graphene

45 oxide D-band at --1340 cm ! and G-band at --1612 cm™ in hybrid
material. D) Photograph shows that the magnetic nanoparticle
attached hybrid graphene oxide is highly magnetic, and as a
result, we can separate them by using a bar magnet. E) TEM
picture shows the morphology of freshly prepared aptamer bound

so magnetic nanoparticle attached hybrid graphene oxide

Preparation of aptamer-conjugated hybrid graphene oxide

For targeted imaging of malignant melanoma G361 cells and
synergistic therapy, we have modified nanoplatform with MB-
ss bound AGE- aptamer, which is known to be specific to malignant
melanoma G361 cells. For this purpose, initially, hybrid graphene
oxide was coated by thiolated polyethylene glycol (HS- PEG),

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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which helps to avoid nonspecific interactions with cells and cell
media. After PEGylation, NH-modified AGE- aptamers were
attached with acid chloride functionalized graphene oxide. As
shown in Figure 1E, TEM data clearly indicate that in aptamer
bound hybrid graphene oxide, magnetic nanoparticles are
attached onto graphene oxide. From the TEM data reported at 1B
and 1E, we clearly see that the morphology looks similar, which
indicate that during aptamer bounding process, the morphology
remains the same for hybrid graphene oxide.

Cell culture and incubation with hybrid graphene oxide

Malignant melanoma G361cells were grown according to the
ATCC procedure. We have grown cells in a 5% CO, incubator at
37°C using RPMI-1640 medium (ATCC, Rockville, MD)
supplemented with 10% premium fetal bovine serum (FBS)
(Lonza, Walkersville, MD) and antibiotics (10 IU/mL penicillin
G and streptomycin) in 75-cm’ tissue culture flasks. Once we
have a culture of 10° cells/mL, different numbers of malignant
melanoma G361 cells were spiked in citrated whole rabbit blood
at various densities. After that, different concentrations of
magnetic- hybrid graphene oxide were mixed with infected blood
for 30 minutes at room temperature before performing the
magnetic separation experiment. After magnetic separation, we
performed TEM and fluorescence analyses.

Fluorescence analysis

After malignant melanoma G361 cells separation by the magnet,
we used an Olympus IX71 inverted confocal fluorescence
microscope fitted with a SPOT Insight digital camera for
fluorescence imaging.

Combined destruction of malignant melanoma G361 cells and
determination of the percentage of live cells

For the PDT, PTT or combined destruction experiments, we have
used a continuous-wavelength OEM laser operating at 785 nm at
2 W/em? power for 10-25 minutes. For finding the amount of cell
death, we have used MTT (ATCC CA# 30-1010k) and typan
blue test, using our reported method *'°.

ROS generation measurement

To understand how ROS formation varies with PTT, we have
measured the amount of reactive oxygen species formed during
PDT and combined therapy process. For this purpose, we have
used singlet oxygen sensor green reagent (SOSG, Sigma) and
followed manufacturer's protocol. For fluorescence measurement,
we have used 485 nm light as excitation source and the
fluorescence intensity was measured at 528 nm using the
microplate reader.

Results and Discussions

Our label-free cancer cell imaging using aptamer-conjugated
hybrid graphene oxide is based on the graphene oxide
luminescence properties. As shown in Figure 2A, the
fluorescence properties of magnetic-graphene oxide can be tuned
just by varying the excitation energy without changing its
chemical composition and size. Our observed excitation energy
dependent photoluminescence spectral shift for hybrid graphene
oxide can be due to the several factors **** and these are as
follows: 1) excitation wavelength dependent fluorescence from

s the —OH moiety in the graphene oxide sheets; 2) Due to the local
reorganization of photoexcited GO sheets in a polar solvent, the
solvent relaxation time becomes comparable to the fluorescence

lifetime.
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Figure  2: A)  Excitation  wavelength  dependent

photoluminescence from freshly prepared magnetic nanoparticle
attached hybrid graphene oxide. Plot clearly shows that
photoluminescence can be tuned just by varying the excitation
energy, without changing the size. B) Fluorescent images of
aptamer conjugated hybrid graphene oxide attached G361 human
malignant melanoma cancer cell after separation from blood
sample using a magnet. We have used 470 nm light as excitation
source. C) Bright-field image of the same cells after magnetic
separation. D) Fluorescence image of aptamer conjugated hybrid
graphene oxide attached G361 human malignant melanoma
cancer cell, after separation from blood sample using a magnet.
We have used 560 nm light as an excitation source. E) Bright-
field image of the same cells after magnetic separation, F)
Fluorescence image of supernatant after magnet separation. Our
result clearly shows that aptamer attached hybrid graphene oxide
does not bind with blood cells. G) Bright-field image of same
supernatant after magnetic separation. H) Number of ML-IAP
positive cells before and after magnetic separation, measured by
immunosorbent assay.

To understand whether aptamer conjugated hybrid graphene
oxide developed by us can be used for G361 human malignant
melanoma cancer cell analysis from the blood sample in the
settings close to clinical diagnosis, G361 malignant melanoma
cancer cells were spiked at various densities into the suspensions
of citrated whole rabbit blood. After 80 minutes of gentle
shaking, we incubated 150 pL aptamer-conjugated hybrid
magnetic graphene oxide with 2.5 mL of G361 malignant
melanoma cells infected blood sample. Next, we have incubated
the mixture for 40 minutes at room temperature under gentle
shaking. After that, we have used a bar magnet to separate &
enrich malignant melanoma G361 cells attached with hybrid
magnetic graphene oxide. Next, the supernatant blood sample
was carefully removed with a pipette. After that, the suspensions
of the magnetic graphene oxide attached G361 malignant
melanoma cells and supernatant were characterized using TEM,
fluorescence  imaging and  enzyme-linked immunosorbent
assay (ELISA) assay analysis kits, as shown in Figure 2. The
melanoma inhibitor of apoptosis protein (ML-IAP) is well known
to over express in malignant melanoma cell, which is known to
help in disease progression and treatment resistance. As shown
in Figure 2H, our enzyme-linked immunosorbent assay results
reveal that no ML-IAP presence in the fractions of cell
suspensions that did not bind to aptamer conjugated magnetic
graphene oxide, which indicates the absence of malignant
melanoma G361 cells in cell suspension which are not separated
by the magnet. So, they are mainly blood cells. On the other
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hand, we find that ML-IAP was present in the magnetic graphene
oxide attached cell suspension. Enzyme-linked immunosorbent
assays result, as shown in Figure 2H, clearly indicates that
malignant melanoma G361 cells are attached with nanoplatform.
From the enzyme-linked immunosorbent assay experiments we
have estimated that the malignant melanoma G361 cell recovery
by the bar magnet was about 97%.

Figure 2A-2G shows confocal fluorescence microscope imaging
data, which clearly indicate that aptamer conjugated graphene
oxide can be used for label-free imaging of cancer cells. To
understand whether the luminescence of graphene oxide can be
tuned for multicolor cancer imaging, we have performed
fluorescence imaging experiment using 470 nm and 560 nm
excitation. Figure 2B and 2D clearly show that the luminescence
of graphene oxide can be used for multi-color cancer imaging and
it is due to the fact that single-photon photoluminescence from
graphene oxide can be tuned, just by varying the excitation
energy without changing its chemical composition and size, as we
have discussed before. As shown in Figure 2E, no fluorescence
was observed from the cell suspension which are not separated by
the magnet and it due to the fact that malignant melanoma G361
cells are absent in cell suspension which are not separated by the
magnet. Our fluorescence imaging results also indicate that our
hybrid magnetic graphene oxide can be used to separate
malignant melanoma G361 cells from the blood sample in
clinical environment. Similarly, TEM image, as shown in Figure
3A, shows magnetic graphene oxide attached malignant
melanoma G361 cells. All the experimental results described
above clearly show that aptamer-conjugated hybrid magnetic
graphene oxide developed by us is highly selective for binding
with the malignant melanoma G361 cell line and can be used for
selective detection of malignant melanoma from blood sample.

After successful targeted malignant melanoma G361 cells
separation, we have performed NIR light driving therapy
experiments using 785nm excitation light. Before therapy
experiment, to understand the cytotoxicity of hybrid graphene
oxide in the absence of NIR light, hybrid graphene oxide
attached G361 cells were incubated for 12 hours without any
laser light. Our experimental data, as shown in Figure 3D, clearly
show that no cell death was observed even after 12 hours of
incubation, which indicates that hybrid graphene oxide developed
by us is not cytotoxic in the absence of external NIR light. Next,
we have performed 785 nm light driven photothermal therapy
experiment. To determine the amount of cell death due to the
hybrid graphene oxide hypothermia effect, we added trypan blue
after NIR radiation exposure. Since living cells cannot bind with
trypan blue, they were colorless. On the other hand, dead cells
bind with the blue dye and became blue. Therefore, cell viability
can be qualitatively determined from the color of the cell
monolayer. As shown in Figure 3B, some of the cancer cells were
dead after 20 min of the PTT process. Using MTT test, we have
find out that 23% cancer cells were dead due to the PTT, as
shown in Figure 3D, when hybrid grapahene oxide attached G361
cells were irradiated with 785 nm light at 1 W/cm® power for 20
minutes. Since graphene oxide absorbed 785 nm light and
converted it into heat through nonradiative decay, G361
malignant melanoma cells were killed in the presence of 785 nm
NIR light, which is mainly due to the hypothermia. Since
graphene oxide absorption cross-section is very low at 785 nm,
the observed hypothermia effect is also low.

This journal is © The Royal Society of Chemistry [year]
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Figure 3: A) TEM image shows malignant melanoma G361 cells
inside the aptamer conjugated magnetic graphene oxide sheet
after magnetic separation. B) Bright-field inverted microscopic
images of hybrid graphene oxide attached malignant melanoma
G361 cells, after separation by a magnet and followed by
irradiation with 785 nm near IR light at 1 W/cm?® for 20 minutes.
For imaging, we have used 485 nm excitation and the
fluorescence has been collected between 520-535 nm. Bright
field image clearly shows that some cancer cells are dead after
PTT. C) Bright-field inverted microscopic images of ICG bound
hybrid graphene oxide attached malignant melanoma G361 cells
after separation by a magnet and followed by irradiation with 785
nm near IR light at 1 W/cm?® for 20 minutes. Bright field image
clearly shows that most cancer cells are dead after combined
therapy. D) Plot showing the percentage of cell viability in ICG-
bound hybrid graphene oxide attached malignant melanoma
G361 cells cell in the absence of laser light. It also shows how the
cell viability varies in the presence of laser light. Plot shows no
cytotoxicity in the absence of NIR light. It also shows dramatic
synergistic action in case of combined therapy. E) Plot showing
how ROS formation from ICG can vary in the presence of hybrid
graphene oxide at different temperatures.

To improve the NIR light driving cancel cell killing efficiency,
we have synthesized Indocyanine green (ICG) bound AGE-
aptamer attached hybrid graphene oxide as combined therapy
material. Next, to find out whether the combined therapy is much
superior to single therapy, we have performed several different
experiments which we will discuss now. At first, we have
measured the possible cytotoxicity of ICG attached hybrid
graphene oxide and for this purpose, ICG-bound hybrid graphene
oxide attached G361 malignant melanoma cells were incubated
for 12 hours without any NIR light. As shown in Figure 3D, our
experimental data indicate no cell death even after 12 hours of
incubation, which indicates that ICG-bound hybrid graphene
oxide is not cytotoxic in the absence of external NIR light. On
the other hand, as shown in Figure 3D, NIR light induced
experimental data clearly show that 99% of cells were dead,
when ICG-bound hybrid graphene oxide attached G361
malignant melanoma cells were irradiated with 785 nm light at 1
W/em® power for 20 minutes. Bright-field inverted microscope
images data as shown in Figure 3C, clearly show G361 malignant
melanoma cells were deformed during the combined therapy
process. The cell death following nanoplatform exposure to 785
nm NIR light could be due to numerous factors including ROS
induced cancer cell death due to the presence of ICG and thermal
disintegration by graphene oxide. Figure 3D also shows that
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about 50 % cancer cell is dead when only ICG was used for the
photodynamic therapy of G361 malignant melanoma cells using
785 nm light at 1 W/ecm® power for 20 minutes. Next, to
understand how the temperature varies during NIR radiation
based combined therapy process, we have used a MikroShot
Camera to measure thermal imaging at 1-minute intervals. Our
thermal imaging experiments indicate that the temperature
increased to about 40°C when ICG bound AGE aptamer attached
hybrid graphene oxide with G361 malignant melanoma cells were
exposed to 785 nm laser light at 1 W/cm? power for 20 minutes.
We have also noted that the temperature increased to only 28°C
for G361 malignant melanoma cells in the absence of hybrid
magnetic graphene oxide under the same light exposure
condition. All the above reported therapy data clearly indicate
that malignant melanoma cell viability was much lower in the
case of PDT & PTT combined therapy, than that by the individual
ones. Our experimental data show that when the two treatments
were combined under a single 785 nm NIR light irradiation,
synergistic therapeutic effect are expected for the G361 malignant
melanoma cells.

In ICG-bound AGE aptamer attached hybrid graphene oxide,
ICG utilizes his ability to form reactive oxygen species in the
presence of light to kill G361 malignant melanoma cells. As a
result, the efficiency of photodynamic killing by hybrid graphene
oxide is highly dependent on the formation of ROS capability by
ICG. To understand the mechanism for the synergistic combined
therapy to destroy G361 malignant melanoma cells, we have
measured the cellular ROS formation during PDT and combined
therapy process using singlet oxygen sensor green reagent
(SOSG, Sigma). The fluorescence intensity was measured using
the microplate reader with the excitation wavelength at 485 nm
and the emission wavelength at 528 nm. As reported in Figure
3E, our experimental data clearly show the elevated ROS
formation in the presence of AGE aptamer attached hybrid
graphene oxide, which indicate that the photothermal effect of
graphene oxide was able to enhance the formation of singlet
oxygen, which improved photodynamic cancer cell killing
efficiency. Due to the above fact, we observed synergistic
therapeutic effect.

Conclusion

In conclusion, in this manuscript, we have reported the
development of aptamer-conjugated hybrid graphene oxide which
can deliver targeted separation, diagnostic and combined
synergistic photothermal & photodynamic treatment of malignant
melanoma cancer cells. We have found that the AGE-aptamer
attached magnetic graphene oxide can be used for the ultra-
sensitive and label-free detection of G361 malignant melanoma
cells from infected blood sample. Excitation wavelength
dependent photoluminescence imaging data indicate that
aptamer-attached hybrid graphene can be used as multi-color
luminescence platform for selective imaging of malignant
melanoma cells. We have shown that in the absence of NIR light,
no cytotoxicity has been observed from hybrid graphene oxide.
Whereas, ICG-bound AGE aptamer attached hybrid graphene
oxide can be used for 785 nm NIR light activated combined PTT
& PDT therapy for G361 malignant melanoma cells. Reported
experimental data indicate that synergistic therapeutic effect can
be obtained using ICG-bound AGE aptamer attached hybrid
graphene oxide, which indicates that the multimodal therapeutic
material using ICG-bound hybrid graphene oxide may become a
more effective system for malignant melanoma cancer therapy.
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Though we are in a relatively early stage of development of
aptamer attached hybrid graphene oxide based CTC separation,
imaging and synergistic combined therapy of malignant
melanoma, we believe that the reported assay can have enormous
potential for real life applications, once it is optimized properly in
clinical settings.
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