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Summary of the Research Project
Around 1.8 million colorectal cancer cases were registered worldwide in 2018. In Germany, around 115,000 people undergo colon cancer surgery with partial removal (resection) and associated connection of hollow organs. Leaks in the connecting seam, so-called anastomotic leaks (AL) occur in between 3–30% of the patients, mainly in rectal anastomosis and include consequential risks such as sepsis, subsequent operations, longer hospital stays and increased mortality of up to 16%. Since there is currently no way of detecting an AL directly or in the process of its formation, a clarification by means of computed tomography (CT) or laboratory findings will be only carried out if the general condition of the patient deteriorates or the quality of a target drainage suggests an AL. This detection is complex, often unspecific and only takes place at an advanced stage which increases the severity of possible complications. On the other hand, the safe exclusion of AL could significantly reduce the duration of inpatient monitoring. The aim of the proposed project B12(N) is to develop an in vivo diagnostics implant relying on magnetically labeled synthetic receptors combined with a wireless magnetic-field readout system based on magnetoelectric sensors. To long-term goal is to continuously monitor for inflammation after surgery based on the elevated levels of inflammation biomarkers for early detection of AL. 
Analyte-specific recognition elements are generally of biological origin and exhibit low chemical stability, short shelf-life, and poor durability in harsh environmental conditions. By avoiding these limitations and offering animal-free cost-efficient production, molecularly imprinted polymer (MIP) based synthetic receptors have been attracting enormous attention for biosensing, in vitro, and in vivo applications. MIPs are synthesized via a templating technique for creating molecular recognition material displaying a receptor-like affinity for a variety of template structures, with templates being an entire molecule (e.g., protein, virus, bacterium) or a small fragment of it i.e., peptide epitope. First, we will define a suitable target biomarker within the framework of clinical studies through the discontinuous determination of different markers (e.g., interleukins, matrix metalloproteinases, and growth factors) from wound drainages which are placed close to the anastomoses and through immunohistochemical analysis of anastomotic tissue material from patients who have undergone a second operation due to AL. Next, we aim to determine the most suitable peptide epitopes of target biomarkers as templates using computational studies. The synthesis recipes of epitope-mediated MIPs are then established by screening the molecular interactions between the epitopes and the building block (i.e., functional monomers) with the aid of molecular dynamic simulations, which are expected to provide exceptionally higher sensing performance in comparison to conventional counterparts. The magnetically labelled in silico-designed MIPs targeting AL biomarkers are synthesized and characterized. Their influence on complex three-dimensional cell structures will be demonstrated in cell culture using anastomosis-mimicking cell assemblies with fibroblasts (holo- and paraclone). The materials are then incorporated into a hydrogel-forming implantable microneedle-based smart dressing.
A magnetoelectric sensor system will be investigated for excitation of the magnetic nanoparticles in the smart dressing and readout of the magnetic response. In the later application, the sensor system needs to be attached to the outside of the body while the biosensitive implant is at a distance of up to 15 cm away on the inside of the body. Thus, a magnetic excitation system based on an array of coils will be developed to allow for focused magnetic excitation at a distance. It is planned to use an alternating excitation field and record the magnetic response for frequency sweeps. The Brownian relaxation of the magnetic nanoparticles in an alternating magnetic field will be monitored. Since the relaxation time depends on the size of the particles as well as the matrix, an in-depth study of the relaxation of MIPS functionalized magnetic nanoparticles in different hydrogel matrices will be performed. The best response is expected for small particles with significant specific loading upon presence of inflammation biomarkers. A phantom system will be realized based on microfluidic plastic tubing to study distance, concentration, and size effects without mechanical moving parts. As an alternative to linear Brownian relaxation, third-order nonlinear effects will be investigated. A magnetoelectric sensor array will be combined with an excitation field compensation system to measure the magnetic-nanoparticle response. Affinity, selectivity, and specificity of the combined implant-sensor system will be determined. 
The present project aims to establish an innovative magnetosensor for real sample analysis for early detection of AL in gastrointestinal surgery. Its evaluation is carried out by functional proof in in vivo animal experiments. For this purpose, the hydrogel-forming implantable microneedle-based smart dressing will be positioned near the anastomosis during deliberately induced suture errors compared to correctly executed bowel sutures in large animals (pigs). This will provide proof of local parameter overshooting by statistical valuation and assessment of the applicability in human medicine.
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