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Introduction
• Most aggressive skin cancer;
• Limited therapeutic option;
• Increasing incidence.

Malignant
Melanoma

J. Med. Life. 7 (2014) 572–576.

Early diagnosis is of utmost importance in order to decrease the mortality rate

Success of melanoma treatment is greatly related to the rate and magnitude of
Nat. Rev. Cancer 16 (2016) 345–358.
the primary tumor growth

Therapeutic Strategy

•
•
•
•
•

Surgery;
Chemoterapy;
Radioterapy;
Photodynamic therapy;
Immunotherapy. Technol. Cancer Res. Treat. 17 (2018) 1–15;
Contemp.Oncol. 22 (2018) 61–67.

Effective therapy without side effects, cost-effective and minimally
invasive is of critical importance
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Introduction
Aptamers

Targets

Single-stranded oligonucleotides

Recognize and
bind specifically

•
•
•
•

Proteins
Small molecules
Ions
Whole cells

Suitable drug-carriers to achieve an effective drug delivery
Adv. Drug Deliv. Rev. 134 (2018) 122–137;
Trends Mol. Med. (2020) 1–14

AS1411

Nucleolin

Overexpressed on the cell membrane of cancer cells

Proliferation
1.
2.
3.
4.
A G-quadruplex (G4) aptamer

Induces cancer cell death

Binding to cell surface nucleolin
Internalization of the aptamer-nucleolin complex
Cell cycle arrest
Apoptosis

Biochim. Biophys. Acta – Gen. Subj. 2017 (1861) 1414–1428;
Mol. Cancer Ther. 5 (2006) 2957–2962.

Introduction
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AS1411

Reached human clinical trials Phase 2
Shown low potency (µM)

Suboptimal pharmacology
(rapid clearance from body)
Biochim. Biophys. Acta – Gen. Subj. 2017 (1861) 1414–1428

Proved to be safe for humans
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Introduction
Acridine orange derivatives

G4 stabilizer with anticancer potential
High non-specific toxicity
Biochimie 144 (2018) 144–152.

(e.g.)

•

High affinity for G4 structures

•

When conjugated with G4 aptamers:
specific ligand internalization
toxicity in normal cells
Eur. J. Pharm. Biopharm. 142 (2019) 473–479;
Sci. Rep. 9 (2019): 7945.

Novel targeted delivery approaches based on two different conjugated systems:
(i) conjugation of aptamer AS1411 with the near infrared probe indocyanine green (ICG)
(AS1411-ICG);
(ii) AS1411-ICG complex conjugated with acridine orange ligand C8 (AS1411-ICG- C8).
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Methodology

Scheme 1. Schematic steps in the chemical synthesis of AS1411-ICG complex.

Circular dichroism (CD) spectroscopy
Fluorometric titrations

MTT assay

In vivo biodistribution
Ex vivo biodistribution

Results
1. Biophysical Characterization

(A) CD spectra and (B) CD melting of AS1411-ICG in the presence of increasing amounts of C8. Spectra acquisition was performed in
phosphate buffered saline (PBS).

C8 does not affect the parallel G4 topology of AS1411-ICG, whereas it
increases its thermal stability.
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Results
1. Biophysical Characterization

Fluorescence titration spectra of C8 with AS1411-ICG in PBS.; λex: 498 nm. Insets: saturation binding plots fitted to MichaelisMenten model.

The obtained KD value was 1.29 ± 0.10 μM, meaning that C8 presents
medium to high affinity to the aptamer.
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Results
2. In vitro evaluation in B16 cells

Percentage of viable B16 cells after incubation with C8, AS1411, AS1411-ICG or AS1411-ICG-C8 for 3 days.
Results are presented as mean ± SEM.

Free C8 and AS1411-ICG presented some cytotoxic effect;
AS1411-ICG-C8 presented a significant higher cytotoxicity for B16
tumoral cells was achieved.
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Results
3. In vivo effects of AS1411-ICG and AS1411-ICG-C8

Optical images of mice inoculated with a single injection of
B16 melanoma cells and injected intraperitoneally with
vehicle PBS (control, upper row), AS1411-ICG in the absence
(middle row) or presence of C8 (lower row), at different time
points (5, 7 and 10 days).

Control condition developed a
more evident tumor than the
other two groups.

Results
3. In vivo effects of AS1411-ICG and AS1411-ICG-C8

Ventral (A) and dorsal (B) fluorescence intensity along the experiment in the different mice: vehicle PBS (black
circles), AS1411-ICG (red squares), and AS1411-ICG-C8 (blue triangles), at different time points after tumor
induction.

No significant variations in fluorescent signal in ventral side;
In dorsal side, AS1411-ICG treated condition, the fluorescent signal
was always higher; AS1411-ICG-C8 presented a more variability in the
fluorescence intensity.
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Results
3. In vivo effects of AS1411-ICG and AS1411-ICG-C8

Organs ex vivo fluorescence of the different mice: vehicle
PBS (control black bars), AS1411-ICG (red bars), and
AS1411-ICG-C8 (blue bars).

Representative images of Hoescht (left column), C8 (middle
column) and merged signal (right column) in kidney of the
different mice: vehicle PBS (control, upper row), AS1411-ICG
(middle row), and AS1411-ICG-C8 (lower row) Scale bar: 20 µm.

Tumor had the highest difference between the control and treated mice;
After reaching the tumor, the C8 was eliminated, or at least accumulated
in the kidneys for ulterior urine elimination.

Conclusions
✓

The presence of ICG in the sequence does not affect the ability to form a G4
structure, which is essential for nucleolin recognition;

✓

C8 presents a medium-high affinity to this complex (KD = 1.29 ± 0.10 µM);

✓

Complex AS1411-ICG-C8 was able to increase the toxicity of C8 in cultured melanoma
cells;

✓

NIR in vivo fluorescence suggested that the complexes were mainly retained within
the tumor;

✓

The sectioned tissues analyzed by confocal microscopy showed renal staining
attributed to the C8 fluorescence of the complex, which could be related to the renal
clearance.

AS1411-ICG can be used to target drugs and follow their
biodistribution to the cancer cells.
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