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Abstract: DNA nanostructure plays an important role in intracellular detection strategies for its 
good biocompatibility and nontoxicity. Herein, we design a DNA nano-tweezer with aptamer and 
fluorophores to detect HER2 mRNA in living breast carcinoma cells. The designed nano-tweezer is 
self-assembled with ten DNA strands. It has one head and two arms with a long hangover each. A 
HER2 aptamer in its head is for targeting tumor cell and two overhangs with fluorophores can 
hybridize with HER2 mRNA. Following, the as-prepared nano-tweezer can effectively enter cancer 
cells by specific cross-talking between aptamers and overexpressed cell-surface receptors. Finally, 
the HER2 mRNA fluorescence detection is achieved by a confocal microscope, and the 
fluorescence intensity indicates mRNA expression quantity. Thus, this strategy provides a useful 
platform for efficient detection of HER2 mRNA in living cells. 

1.    Introduction 
In breast carcinomas, the amplification of the HER2 gene induces protein overexpression in the 

cell membrane, which plays an important role in aggressive human breast cancer. [1-4] Since cancer 
cells express diverse surface receptors (such as anti-nucleolin aptamer), [5] the DNA nano-tweezer 
can internalize in cancer cells by cell surface receptors mediated endocytosis. By using Watson-
Crick base-pairing, a variety of DNA nanostructures have been self-assembled, which show the 
advantages of flexible design, orientation, excellent biocompatibility, and demonstrate significant 
potential for clinic application in biosensing, early stage cancer diagnosis and targeted therapies.[6-
9] In this work, the specific HER2 aptamer is self-assembled in nano-tweezer to ensure highly 
efficient and specific cell targeting based on surface receptors expressed on tumor cells. By smart 
designing of the DNA strands, the two hangovers of nano-tweezer can bind to mRNA, resulting 
conversion of nano-tweezer from closed state to open state. Thus, the fluorophore is separated from 
quencher, achieving fluorescence imaging of the HER2 mRNA expression. This constructed nano-
tweezer is proved to be a simple and highly efficient platform for detection of HER2 mRNA in 
living cells. 

2.    Experimental 
2.1. Reagents 

All DNA oligonucleotides used in this work were synthesized and purified using high-
performance liquid chromatography by Sangon Inc. (Shanghai, China). Dulbecco's Modified Eagle 
Medium (DMEM) and Fetal Bovine Serum (FBS) were obtained from Gibco Inc. (Shanghai, China). 
Diethylpyrocarbonate (DEPC) was purchased from Solarbio Inc. (Beijing, China). The human 
breast cancer cell lines including SK-BR-3 and MDA-MB-231 cells used in this work were 
obtained from the American Type Culture Collection (ATCC). (Rockville, MD, USA). The DNA 
strands were dissolved in Tank buffer (pH 7.5, 20 mM Tris, 125 mM NaCl, 20 mM KCl) and stored 
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at -20 ℃ prior to use. All other reagents were of analytical grade, and Millipore-Q water (≥ 18 МΩ) 
was used in all experiments. 

2.2. Instruments 
Fluorescence signal was recorded by an Agilent Cary Eclipse fluorescence spectrophotometer 

(Agilent Technologies, USA). Immunofluorescence and confocal imaging were performed on a 
Nikon A1R Confocal Microscope (Nikon, Japan). The concentration of all RNA and DNA 
oligonucleotides were measured by a Thermo NanoDrop™ 1000 Spectrophotometer (Thermo 
Fisher Scientific, USA). 

2.3. Fluorescence detection 
DNA nano-tweezer was prepared with 0.8 μM of DNA strands from 1 to 10 in TAE/Mg2+ buffer 

(pH 8.0, 40 mM Tris, 20 mM acetic acid, 2 mM EDTA and 7.5 mM magnesium acetate, 20 mM 
potassium acetate). All samples were annealed in a thermostatic water bath for 5 min at 95 ℃ and 
naturally cooled to room temperature. Cells were cultured in DMEM supplemented with 10% FBS, 
penicillin (100 U/mL) and streptomycin (100 µg/mL) at 37 ℃ in a humidified incubator (5% CO2 
and 95% air). Cells (3×105 per well) were plated into 6-well plates for 12 h. Subsequently, the cells 
were added DNA nano-tweezer and stained immunofluorescence (DAPI for Cell nuclei) in different 
wells as indicted. Fluorescence images were collected by a Nikon A1R Confocal Microscope. 

3.    Results and discussion 
The DNA nano-tweezer was annealed with 0.8 μM of DNA strands from 1 to 10. Here we used 

SK-BR-3 (breast cancer cells) as an in vitro model system. 
As shown in Figure 1, DNA nano-tweezer was tagged with fluorescein isothiocyanate (FITC) 

and Cyanine3 (Cy3) at each arm. There was strong fluorescence intensity in the presence of DNA 
nano-tweezer than that of without DNA nano-tweezer, suggesting that DNA nano-tweezer entered 
cancer cells successfully. 
 

 
Figure 1. Confocal fluorescence microscopic images of SK-BR-3 cells incubated with and without 

DNA nano-tweezer. The cell nucleus was stained with DAPI. The merge image shows co-
localization of both fluorophores in cytoplasm of SK-BR-3 cells. Scale bars: 20 μm 

As shown in Figure 2, DNA nano-tweezer was only tagged with FITC, the effect of the reaction 
time was also evaluated; the maximum fluorescence intensity value was achieved at 2 h. 
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Figure 2. Confocal microscopy images of SK-BR-3 cells after incubation with 0.5 μM DNA  

nano-tweezer for 0.5 h, 1 h, 2 h and 4 h. Scale bars: 20 μm 
As shown in Figure 3, the recognition and uptake of DNA nano-tweezer were further verified 

with two different cells, SK-BR-3 cells as positive group, and MDA-MB-231 cells as negative 
group. The bright fluorescence was only observed within SK-BR-3 cells. Only little scattered 
fluorescence was observed from MDA-MB-231 cells, demonstrating the specific recognition and 
high-efficiency delivery of DNA nano-tweezer to target cells.  

 

212



 
Figure 3. Specificity of DNA nano-tweezer induced translocation. Confocal microscopy images of 
SK-BR-3 cells and MDA-MB-231 cells after incubation with 0.5 μM DNA nano-tweezer for 2 h. 

Scale bars: 20 μm 

4.    Conclusion  
In summary, we design a DNA nano-tweezer with aptamer and fluorophores to detect HER2 

mRNA in living breast carcinoma cells. The as-prepared rigid structure DNA nano-tweezer with 
defined geometry (both length and diameter) can effectively enter cancer cells by specific cross-
talking between aptamers and overexpressed cell-surface receptors. The results demonstrate that the 
nano-tweezer shows promise for intracellular delivery vehicle. Thus, this strategy provides a useful 
platform for efficient detection of HER2 mRNA in living cells. 
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