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Conclusions
l	 Nucleolin is present on the surface 

of tumor cell lines 

l	 AS1411 binds directly to plasma 
membrane nucleolin; binding 
may be partially inhibited by pre-
incubation of cells with anti-
nucleolin antibodies 

l	 Uptake of AS1411 is greater in 
cells which exhibit higher nucleolin 
expression levels 

l	 Knock-down of nucleolin expression 
results in decreased uptake of 
AS1411 into cells 

l	 AS1411 is a targeted therapy which 
binds cell-surface nucleolin prior to 
cellular uptake

Introduction
l	 AS1411 is a 26-base, G-rich oligonucleotide aptamer that forms a 

G‑quadruplex structure resistant to nuclease degradation1,2

l	 A phase I clinical trial of AS1411 demonstrated objective 
responses in patients with advanced metastatic renal cancer. No 
serious toxicity related to the drug was observed3

l	 AS1411 is currently in phase II clinical trials in acute myeloid 
leukemia (AML) and renal cell carcinoma

l	 Preliminary findings from a phase II trial of AS1411 in combination 
with cytarabine have suggested that the combination has activity 
in AML, and is well tolerated4

l	 In vitro, AS1411 has been shown to exert an initial cytostatic 
effect on cells, followed by induction of apoptotic markers and 
cell death. One way in which AS1411 has a cytotoxic effect is by 
regulation of Bcl-2 family members5,6

l	 AS1411 binds to nucleolin, which is present at elevated levels in 
the cytoplasm and on the surface of cancer cells. Binding to surface 
nucleolin results in targeted uptake into cancer cells, disrupting 
normal functions of nucleolin including DNA replication and cell 
proliferation7,8

l	 The work presented here provides evidence that plasma membrane 
nucleolin is a functional receptor for AS1411 in MV4-11 (AML) 
cells, and allows its uptake into AML cells

Results
Nucleolin is present on the cell surface of  
MV4-11 Cells

Fig 1. Confocal images of plasma membrane nucleolin in MV4-11 cells

Fig 2. Cell-surface and plasma membrane nucleolin in MV4-11 and K-562 cells 

A: �Biotinylation of cell-surface 
nucleolin in MV4-11 and 
K-562 cells. Cell-surface 
proteins was labeled with 
the membrane-impermeant 
probe EZ-link-sulfo-NHS-
biotin and the biotinylated 
plasma membrane were 
purified by avidin affinity 
chromatography. Nucleolin, 
calnexin and β3-integrin were 
identified by immunoblotting. 
Lane 1 and 4, total soluble 
protein; lanes 2 and 5, avidin-
bound fraction; lanes 3 and 6, 
avidin-unbound fraction. 

B: �Immunoblot of nucleolin, 
calnexin and b3-integrin in the 
plasma membrane fractions 
purified by sucrose density 
gradient centrifugation. Lanes 
1 and 4, total soluble protein; 
lanes 2 and 5, soluble plasma 
membrane nucleolin; lanes 
3 and 6, insoluble plasma 
membrane nucleolin. 

AS1411 binds to plasma membrane nucleolin

Fig 3. Phosphor-image of immunoprecipitated [32P]AS1411 nucleolin complexes

MV4-11 cells were incubated with either  
[32P]AS1411 or [32P]CRO-26 (-ve control) and cross-
linked with formaldehyde. Immunoprecipitation 
of the purified soluble plasma membrane 
fraction with anti-nucleolin antibody was 
followed by phosphorimaging of the solubilized 
immunoprecipitates. Lane 1, molecular weight 
markers; lane 2, free [32P]AS1411; lane 3, 
control immunoprecipitation of [32P]AS1411-
treated cells with an irrelevant IgG antibody; 
lane 4, immunoprecipitation of [32P]AS1411-
treated cells with anti-nucleolin antibody; lane 
5, immunoprecipitation of [32P]CRO-26-treated 
cells with a non-specific IgG antibody; lane 6, 
immunoprecipitation of [32P]CRO-26-treated 
cells with anti-nucleolin antibody.

Fig 4. Anti-nucleolin antibodies partially inhibit binding of AS1411 to 
plasma membrane nucleolin

Fig 6. Uptake of AS1411 into cells expressing varying amounts of nucleolin 

Cells were incubated with 2 x 105 CPM of [32P]AS1411 and sufficient unlabeled 
AS1411 to achieve a final concentration of 400 nM. Uptake of [32P]AS1411 into the 
S100 cytoplasmic fraction was determined by liquid scintillation counting and the 
results were normalized to the amount of protein in each sample. 

A: �Aliquots of MV4-11, a high 
nucleolin expressing cell line 
(open circles), and K-562, a 
lower nucleolin expressing cell 
line (closed circles). Results are 
expressed as the means of six 
determinations ± SE. 

B: �Uptake of AS1411 into nucleolin 
knockdown cells. MCF-7 cells 
previously transfected with either 
a nucleolin shRNA (closed circles) 
or a scrambled shRNA (open 
circles). The levels of nucleolin 
mRNA in the stable nucleolin 
siRNA–transfected clones were 
reduced to 24 ± 3% SE of the 
corresponding levels measured 
in two MCF-7 clones transfected 
with the scrambled siRNA. Results 
are expressed as the means of 
three separate experiments ± SE.

A: MV4-11 cells were incubated 
with 10 µg/ml monoclonal anti-
nucleolin antibody MS-3 
followed by 10 μM FITC-AS1411. 
Cells were then washed and 
resuspended in PBS and the 
fluorescence intensity (485 nm / 
530 nm) was quantitated using 
a plate reader.

B: Plasma membranes from 
MV4-11 cells were isolated by 
sucrose density gradient 
centrifugation and resuspended. 
5 μg of membrane protein were 
incubated with the indicated 
antibodies (10 μg/ml) and then 
with 2 nM [32P]AS1411.  
The plasma membranes were 
washed and the radioactivity 
counted by liquid scintillation 
counting.

Receptor-specific uptake of AS1411 into tumor cells 

Fig 5. Inhibition of [32P]AS1411 uptake into MV4-11 cells by excess 
unlabeled AS1411

Aliquots of MV4-11 cells were incubated for 2 hr with increasing concentrations 
of [32P]AS1411 only or with the same concentrations of [32P]AS1411 plus a 20-fold 
excess of either unlabeled AS1411 or unlabeled CRO-26 (-ve control). The amounts 
of radioactivity in the S100 cytoplasmic fractions were determined by liquid 
scintillation counting and the results were normalized to the amount of protein 
in each sample. Results are expressed as the means of three determinations ± SE. 

Nucleolin localization was determined by indirect immunofluorescence 
using an anti-nucleolin primary antibody and a FITC-conjugated 
secondary antibody. Co-localization of nucleolin staining with the 
cell membrane marker dye FM4-64 demonstrates the presence of 
nucleolin in the plasma membrane of non-permeabilized MV4-11 
cells. This is a representative picture from two separate experiments.

FM4-64FX FITC-nucleolin Overlay

1

98 kDa

17 kDa

2 3 4 5 6

A: Cell-surface biotinylation

MV4-11

KDa

98

64

90

105

1

Unb
ou

nd

Unb
ou

nd
Bou

nd
Bou

ndTo
tal

To
tal

42 53 6

K562

Anti-nucleolin

Anti-Calnexin

Anti-b3-integrin

B: Purified plasma membranes

MV4-11

KDa

98

64

90

105

1

Ins
olu

ble

Ins
olu

ble

So
lub

le

So
lub

le
To

tal
To

tal

42 53 6

K562

Anti-nucleolin

Anti-calnexin

Anti-b3-integrin

Fl
u

o
re

sc
en

ce
 in

te
n

si
ty

 4
88

/5
30

 n
m

AS1411

A

B

AS1411 +
AntiNuc

IgG
–ve control

CytC-oxidase
–ve control

β3-integrin
+ve control

20

10

15

5

0

C
PM

/µ
g

 p
ro

te
in

AS1411
+ IgG

AS1411
+ MS-3

AS1411
+ H-250

AS1411
+ K-14

500

300

400

200

100

0

C
PM

/u
g

 p
ro

te
in

0 20
Concentration of [32P]AS1411(nM)

12

10

6

8

4

2

0
161284

[32P]AS1411
[32P]AS1411+20× AS1411
[32P]AS1411+20× CRO

C
PM

/u
g

 p
ro

te
in

0 5
Time (hr)

3

4
A

B

2

1

0
64321

C
PM

/u
g

 p
ro

te
in

0
Time (hr)

50

60

40

30

20

10

0
4321


