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You see things; and you say, ‘Why?’ But I dream things that never were; and I say, ‘Why not?’”









George Bernard Shaw (1856-1950)

Imagine if we could personalize our healthcare, eradicate paralysis, disease, physical and mental challenges, eliminate pollution, secure our homeland safety, enhance our communication skills, and improve how we think, learn, work, and play.  Might such a world exist in the near future? Why not? Converging technologies has the revolutionary potential to convert hopes into realities that we thought were only dreams just a few years ago.

Through the multidisciplinary blending of four science and technology provinces: (i) nanoscience and nanotechnology; (ii) biotechnology and biomedicine, including genetic engineering; (iii) information technology, including advanced computing and communications; and (iv) cognitive science, including cognitive neuroscience (frequently referred to as “NBIC”), and other related sciences and technologies,  we stand at the threshold of unimaginable improvements in human performance.

As a result of these impending NBIC possibilities, we will begin to notice differences and changes in how we: (i) educate our students; (ii) conduct business; (iii) manufacture, deliver and market products; (iv) create new jobs; (v)  train our workforce; (vi) communicate; (vii) receive medical care and drugs; (viii) travel; (ix) expend energy; (x) synthesize and develop new categories of materials; and (xi) conduct new scientific discoveries.  These changes also will impact the law, our judicial systems, regulatory agencies, and policy and decision makers – converging legal practice areas and traditional systems, as well as creating new specialized areas of law and policy.

What is NBIC and what are some of the challenges emerging from these discoveries?

With Nanotechnology as an enabling tool, the ability exists to measure, organize and manipulate matter from the atomic to the supramolecular level permitting the creation of new biological, chemical and electrical applications, structures, materials, devices and systems. Estimates are that by the year 2015, the annual global market for nano-related products and services will exceed $1 trillion, making it one of the fastest growing industries in history.  

However, with any new or revolutionary process, there always will be risks, challenges, and unintended consequences accompanying the benefits.  Because nanoscience intersects with several scientific and engineering disciplines such as biology, physics, chemistry, engineering, and computer science, its multidisciplinary impact will affect cross-jurisdictional and cross-border socio-political and socio-economic sectors.  

How do we begin the dialogue to consider and proactively address the possible societal implications resulting from exponential advances in the convergence of science, medicine, engineering, and technology?

How will we know the differences between a medical device, a drug, a biological or a chemical entity and reconcile the fact that a product may look like food but act like medicine?  Who will take responsibility for the oversight and monitoring of the risks and safety issues associated with new materials, manufacturing processes and technologies that have unknown risks?

James Rogan, U.S. Undersecretary of Commerce for Intellectual Property and Director of the United States Patent and Trademark Office (“USPTO”), has used the term “crisis” to describe the state of the USPTO today, claiming that there is an average pendency of two years to process patent applications, with a three to five year pendency for complex technologies and applications.  Today’s backlog is estimated at 500,000 with projected pendencies to be at one million by 2008 unless changes are made.

Because nano-electronic and nano-therapeutic drug delivery devices, or nanobiotechnology-related products additionally may require Food and Drug Administration (“FDA”) approval, delays in the USPTO will cause further delays at the FDA, postponing the commercialization of innovative processes and necessary services which could save or prolong a life.

Although the National Nanotechnology Initiative is considered to be one of the government’s largest scientific initiatives to date, the USPTO has yet to establish a separate specialized examining group focusing on nanotechnology.  The FDA regulates products, not processes or materials. Yet, how will the regulators handle an enabling technology such as nanotechnology which is based on scale?  How will potential nanobots designed to eat bacteria, repair individual cells and deliver precise drug doses to exact locations be tested, monitored and approved?  The Toxic Substance Control Act gives the Environmental Protection Agency (“EPA”) the power to acquire plausible information on all new and existing chemical substances in relation to “excessive risk” to the public or the environment.  How will “excessive risk” be defined at the nano scale?

Biotechnology combined with nanotechnology could transform humanity and fundamentally alter our healthcare systems forever.  The ability to map an individual’s entire genetic code in seconds will allow for the development of: (i) pharmacogenomics and the delivery of therapeutics targeting specific tissues or cells while monitoring a disease’s progression in real-time; (ii) nanoscale encapsulated medicines automatically dispensing needed bodily biochemicals; (iii) smart embedded sensors with the capacity to automatically replace worn or damaged body parts; (iv) testing tools to discover predispositions to diseases; and (v) processes to maintain physical capacity and mental acuity during aging.

The National Institutes of Health, through their recently announced “Roadmap for Medical Research” initiative, reinforces the U.S. government’s commitment to investing in the potential for groundbreaking research and development in biotechnology, which includes nanomedicine and bioinformatics.  Yet, the President’s Council on Bioethics in their October 2003 report, “Beyond Therapy: Biotechnology and the Pursuit of Happiness”, calls for specificity on the meaning of biotechnology.

Today, the USPTO allows for biotechnological creations, or transgenics, to be patented claiming that genetically engineered life forms are “non-naturally occurring” and “a product of human ingenuity”. Diamond v. Chakrabarty, 447 U.S. 303; 100 S. Ct. 2204; 65 L. 2d 144 (1980) was the first U.S. case to hold that live, human-made microorganisms, were patentable.

Genetic interventions offer not only the possibility of miraculous medical advancements, benefits and cures, but also pose critical social, ethical, moral and legal issues which cut across several practice areas and socio-political arenas.  How should we address distinctions between a genetic “improvement” and an “enhancement”, in particular when these alterations can take place in a fetus?  How do we assure that medical experiments are conducted under conditions that are not contrary to human dignity, and that society does not discriminate based on genetic heritage?  How do we monitor the e-commerce selling of gametes over the Internet?

In October 2003, the U.S. Senate unanimously approved a genetic discrimination bill protecting people who have a genetic predisposition or risk to disease.  However, the bill did not address the potential reach of genetic testing and accompanying privacy issues.  Bioinformatics creates such supercomputing powers about one’s biomedical information and propensity for illness or addiction that dissemination and subsequent patenting can occur without our knowledge.

Envision the possibility of tiny sensors which travel through your bloodstream sending constant signals to nearby computers which relay information about you to your doctor, attorney, local fire or police station, grocer, creditor or financial institution.  How can you guard your privacy from radio frequency identification tags (RFID) already entering the marketplace?  Who will have the ability to access, view and use your genetic data, and for what purpose?  

As nanotechnology advances, the computing power of Information Technology will exponentially increase and redefine what is meant by a computer and human-machine interaction.  Expect nanotechnology-assisted data gathering, storing, transmitting, processing and retrieving processes to transform and expand our network and communication capabilities, how we conduct computer forensics, e-discovery, and comply with federal, state and local mandates.  The power of computing advances will create worlds digitally invisible to us today.

Through Cognitive Science and Neuroscience and the advances in pharmacology, neuroimaging, and genetics our ability to study human, non-human and machine intelligence, including perception, memory, decision and understanding has been augmented.  The convergence of neuroscience with bioengineering has advanced our understanding of how brains work, think, reason and remember, allowing for the possibility of developing brain prostheses and neural interfaces, as well as brain simulators which might help identify and simulate new forms of treatment and cures for damaged brains and spinal cords.

However, surgical procedures on the brain currently are unregulated.  Are there ethical and moral dilemmas in using genomics, molecular imaging and pharmaceuticals to alter the human brain?  What are the effects of such alterations?  How do we distinguish between repairing, treating or improving a deficit versus enhancing or augmenting a normal state?  Who will be the “enhancement” or “improvement recipients?  Who will take responsibility? How will this potential impact the workforce, labor market, medical fields, educational systems, socio-economic infrastructures, and legal structures currently in place?  Should guidelines be established to evaluate and define the applicability of research claims, how they are to be used and translated into practice?  What might be the impact of a premature scientific claim and the dissemination of the results? Are scientists and researchers bound by ethical standards as are attorneys and physicians?  How do we weigh the benefits against the risks?

Converging technologies has the force to challenge current public policies, regulations, laws, ethical, moral social, medical and business models. Through open dialogue and unique collaborations with stakeholders, we must now put into place strategies, anticipatory measures, best practices and options to address the transformative possibilities, potentials, capabilities, and unintended consequences of scientific advancement to improve human performance and see things that never were.
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