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Abstract In an era of aging populations and rising health-care costs, 
the shift of medical paradigms towards rapid, accurate, early 
diagnoses of diseases is inevitable. In addition to further development 
of ultrasensitive in vitro tests, the focus of attention in both 
diagnostics and the early drug discovery process is increasingly 
trained on the cell. The immense complexity of biological processes in 
disease requires developing enabling tools and technologies capable of 
rapid, dynamic imaging of high-content information with high spatial 
and temporal resolution. This enterprise automatically requires cross-
cutting multidisciplinary teams that can integrate advanced imaging 
and detection technology, fundamental biological and biochemical 
knowledge, bioconjugate chemistry, nanotechnology and advanced 
image processing and data storage. Below I present a short summary 
of key enabling technologies currently in use or in development, and 
explore challenges for the future. 

 
 
Introduction 
 
The grand challenge of contemporary healthcare is to impact the efficiency of 
delivery and the cost of the care process by addressing compelling biomedical 
questions and unmet clinical needs. One key paradigm is the so-called “find, fight, 
follow” approach; this paradigm essentially breaks the care process down into the 
stages of diagnostics, therapy and follow-up care. The focus is increasingly 
moving towards early events in the care cycle, with a particular emphasis, where 
possible, on detection of disease before the onset of symptoms. The socio-
economic impact of early detection is immense, and can have a fundamentally 
disruptive effect on the costs and provision of health care. 

The scientific challenge for diagnostics is the need to measure 
• Specific biomarker and/or intermolecular interactions 
• In a complex, heterogeneous medium (blood, serum, cells) 
• At low concentrations 
• With high spatial and temporal fidelities. 
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The diagnostic and measurement targets include 
• Rare or diseased cells 
• Viruses and bacteria 
• Protein-nucleic acid, protein-protein, or receptor-ligand interactions 
• Ligands and metabolites. 

The diagnostic challenge is one that spans a range of length scales, from that of 
a single molecule (~nanometers) to that of the cell (~ microns). Tools and 
techniques need to be developed that are in principle able to address these very 
different length scales, in the complex context of cells. There is a pressing need to 
be able to measure more than one analyte or event at a time. Thus, the challenge is 
to provide key information with respect to the biology of the target, and its 
surrounding context. Although the push towards single analyte or single cell 
analysis is an important factor in the context of ultrasenstive early diagnostics, the 
intrinsic variability of biology also requires that multiple measurements can be 
made easily and effectively to provide the requisite statistics for reliable 
conclusions. 
 
 
An Integrated Strategy 
 
The challenge of making systematic, specific, and sensitive diagnostic 
measurements for early diagnostics requires an integrated strategy unifying the 
development of enabling technologies, innovative research tools, and smart data 
handling and analysis. All three components are key to devising point of care 
solutions for early diagnostics of disease. 
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Nanotechnology and advanced biomedical instrumentation and methods are 
playing, and will continue to play, an essential role in making a success of such an 
integrated strategy. 

The enabling technology drivers of such a unified approach include: 
• High throughput visualization methods 
• Automated multiparameter microscopy enabling quantitative measurement 

of multiple targets and processes 
• Combinations of microscopy and spectroscopy yielding functional 

microscopies 
• Advanced approaches such as fluorescence lifetime and polarization 

methods in imaging to provide insights into the mechanisms of processes 
• Hybrid microscopy methods (such as combinations of scanning probe and 

optical microscopy) 
• Cell handling methodologies incorporating aspects of patterning and 

nanostructuring of biocompatible surfaces, (micro)cytometry, 
microfluidics, and micro- and nano-manipulation of individual cells. 

Innovative research tools are revolutionizing the ability to quantitatively 
visualize and measure multiple specific biological processes in cellular systems. 
These tools include: 

• Nanotechnology-based contrast agents for imaging and therapy, including 
o Semiconductor nanocrystals (quantum dots) 
o Gold and silver nanoparticles 
o Magnetic nanoparticles 

• Genetically encodable probes, such as 
o Visible fluorescent proteins 
o Specifically addressable peptide recognition sequences and tags 

• Novel small molecule probes for fluorescence, Raman, absorbance, MRI 
and PET scanning 

• New and efficient bioconjugation strategies to link these probes to 
biological targets 

• Targeting and delivery strategies to get the biosensor to the site of disease 
or incipient disease. 

Finally, all of these techniques will yield a vast quantity of data that needs to be 
rapidly and reliably analyzed, preferably online, to deliver a clear readout enabling 
a therapeutic decision to be made. 
 
 
Summary 
 
The key task for the coming years is to leverage the enormous advances in 
sensitive molecular imaging techniques, biophysics, new research tools, and data 
management and analysis to 

• Yield quantitative high-content biology 
• Better understand fundamental cell processes and biophysics 
• Enable rapid, inexpensive diagnostics 
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• Better understand mechanisms of disease and pharmaceutical specificity 
• Enable specific targeted therapy. 

Rapid advances in areas such as regenerative medicine will also require us to 
rethink our current models for diagnosis and deal with the complexities of three-
dimensional cell culture and tissue. We will have to continue to develop new tools 
to address the unique problems associated with these complex 3-D systems to 
provide diagnostic capabilities for the new millennium. 
 
 
 
 
 
 


