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Abstract

In the first section, aptamer against human breast cancer cell line MCF-7 was
selected in vitro. Breast cancer is the most common female cancer. However, the
effective specific biomarkers for breast cancer are still scarce. Since abnormal
membrane proteins serve as ideal biomarkers for disease diagnoses,
therapeutics and prognosis, single-stranded oligonucleotide molecules (aptamer)
with molecular recognition properties can be used as efficient tools to sort cells
based on differences in cell surface architecture between normal and tumor cells,
and discover novel biomarkers. The aim of this study is to screen aptamer against
human breast cancer cells MCF-7, laying foundation for identification of specific
effective biomarkers for breast cancer. Therefore, cell-based Systematic
Evolution of Ligands by Exponential enrichment (Cell-SELEX) process was
performed to identify aptamers that targeting surface proteins of human breast
cancer cells MCF-7, human mammary epithelial cells MCF-10A as control cell
line. The process was repeated until the pool was enriched for sequences that
specifically recognizing MCF-7 cells which monitored by flow cytometry.
Subsequently, the enriched pool was cloned into bacteria, and positive clones
were sequenced to obtain individual sequences. Representative sequences were
chemically synthesized, labeled with FAM and determined specificity against
MCF-7 cells, using MCF-10A, human breast cancer cells MDA-MB-231 and MDA-
MB-453 as control cell lines. As a result, one aptamer against MCF-7 cells named
S1 with high binding affinity and equilibrium dissociation constant (Kd) value of
29.9 + 6.0 nM was identified. Aptamer S1 may be useful for discovery of
biomarkers and early diagnosis of breast cancer.

In the second section, we have developed a novel method for efficiently screening
affinity ligands (aptamers) from a complex single stranded DNA (ssDNA) library

by employing single-molecule emulsion polymerase chain reaction (PCR) based



on the agarose droplet microfluidic technology. In a typical SELEX process, the
enriched library is sequenced first, and tens to hundreds of aptamer candidates
are analyzed via a bioinformatic approach. Possible candidates are then
chemically synthesized, and their binding affinities are measured individually.
Such a process is time-consuming, labor-intensive, inefficient, and expensive. To
address these problems, we have developed a highly efficient single-molecule
approach for aptamer screening using our agarose droplet microfluidic
technology. Statistically diluted ssDNA of the pre-enriched library evolved through
conventional SELEX against cancer biomarker Shp2 protein was encapsulated
into individual uniform agarose droplets for droplet PCR to generate clonal
agarose beads. The binding capacity of amplified ssDNA from each clonal bead
was then screened via high throughput fluorescence cytometry. DNA clones with
high binding capacity and low Kd were chosen as the aptamer and can be directly
used for downstream biomedical applications. We have identified an ssDNA
aptamer that selectively recognizes Shp2 with a Kd of 24.9 nM. Compared to a
conventional sequencing-chemical-synthesis-screening work flow, our approach
avoids large-scale DNA sequencing and expensive, time-consuming DNA
synthesis of large populations of DNA candidates. The agarose droplet
microfluidic approach is thus highly efficient and cost-effective for molecular
evolution approaches and will find wide application in molecular evolution

technologies, including mRNA display, phage display, and so on.

Keywords: aptamerbreast cancer cells MCF-7Systematic Evolution of Ligands by
Exponential Enrichment (SELEX) agarose droplet microfluidic technology single-
molecule emulsion polymerase chain reaction (PCR) Shp2 proteinmolecular

evolution
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