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We present here the feasibility of utilizing miniaturized biosensor for cancer diagnosis and treatment efficiency utilizing the electrochemical distinction of cancerous cells activity. We have demonstrated a proof-of-principle experiment of multiplex electrical detection of colon and brain tumors and their response to therapy.

High-throughput detection of nanovolume tissue and cell samples offers great potential for increasing the amount and quality of biomedical data and has a wide range of applications. In cancer research this technology can greatly improve diagnosis and therapy, including basic research, detection of cancer markers, and testing of patients' response to different treatment modalities and thereby tailoring the treatment to an individual patient. For these goals we have monitored electrochemically the enzymatic activity in the test tumor samples. The measurement system used was based on an array of nanovolume electrochemical cells 

First we demonstrate a multiplexed amperometric biosensor for colon cancer diagnosis based on the difference in the amperometric signal between cancerous and normal epithelia, relying on the observed down-regulation of Alkaline Phosphatase (AP) enzyme secretion by the cancerous cells. Detection of AP activity enabled to distinguish cancer tissue from healthy tissues, according to the expression level of the enzyme. Current signal, following the substrate p-aminophenyl phosphate addition provided a clear distinction between cancerous and healthy tissue and yielded reproducible results.  Moreover, we offer the possibility of sampling small volume biopsies rather than cell cultures thus eliminating the need for pretreatment and strenuous preparation steps. This approach offers rapid and straightforward detection as biopsies may be analyzed directly upon their removal and results are obtained within minutes. 

The system described above was also applied in a rapid, sensitive and high-throughput detection of colon cancer cells response to differentiation therapy. The efficacy of each of the differentiation inducing agents was evaluated through electrochemical detection of the cellular enzymatic activity level, while reappearance of normal enzymatic activity denotes effective therapy. The results demonstrate the ability to evaluate simultaneously multiplex drugs effect on miniature tumor sample (~15 cells) rapidly (5 min) and sensitively, with quantitative correlation between the cancer cell number and the induced current. 

In addition, we have tested the effect of several prodrugs on human brain cancer cells (Neuroblastoma U-251) by measuring released formaldehyde. The enzyme formaldehyde dehydrogenase (FDH) was immobilized on the surface of carbon nanotubes (CNT) modified graphite electrode.  Formaldehyde is released from the human neuroblastoma cell line (U-251) in response to treatment with anticancer prodrugs, of butyric acid (Fig 2). The prodrugs were added to U-251 cells situated in the biosensor chamber and the current induced by added prodrugs was monitored. This sensor is rapid, sensitive, selective, inexpensive and disposable, as well as simple to manufacture and operate.

In conclusion, electrochemical biosensors as cancer diagnostic tools present exciting opportunities and may pave the way towards decentralized clinical applications. 
