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Abstract

Why should patents be granted on genes? This question is a provocative and troubling issue currently facing society. Looking at the commercial realities of gene patents, I conclude that on balance their effect is to retard, rather than to stimulate, both scientific and economic progress. The monopolies awarded by patents on genes as novel chemicals are not therefore in the public interest. Society would benefit from immediate change in the policy of patent offices to limit the allowance of patents on genes to specified uses with only narrow claims.


Our genes define us, as a species and as individuals, so for human genes there is strong opposition from some quarters, both religious and secular, to gene patents. A patent is a social contract that is intended to stimulate innovation for the public good and to reward inventors by allowing them a monopoly on their invention for a fixed term (Box 1). (Although the U.S. Constitution allows discoveries as well as inventions, in current practice patents are not allowed on a discovery [Box 1].) For a patent to be granted, in either Europe or the U.S.A., an invention must meet three similar criteria; it must be novel, inventive and show utility, or be capable of industrial application. It is important that the monopolies granted by the patent system should be accepted as being socially beneficial.

Patents with broad claims are being granted on genes (mainly by the United States Patent and Trademark Office [USPTO]) despite many arguments for keeping genes, especially human genes, in the public domain. Those arguments from the "moral high ground" have lost out to the pragmatism of the patent offices. It remains to be seen whether the broad claims will be justified when opposed or challenged (Box 1). In Europe, fewer than 5% of patents are ever opposed. In the U.S.A., the validity of patents and their claim structure will be tested in the courts. Therefore, unless there is a belated policy change by the USPTO, it will rest with the courts to determine the legally acceptable position on gene patents. Hopefully, this might also result in a more socially beneficial position. In the U.S.A., a challenge by patent holders against third parties who they deem to have infringed their patent will not be brought until the patentee can see a potential for substantial financial gain in winning the challenge. Therefore, challenges could take many years come to the courts and to be resolved there, during which time many more gene patents are likely to be granted, complicating the position further.

It is important to recognize that a patent cannot be granted on a gene as it occurs naturally. Isolation of the gene is required and the precedent cited is the purification of a natural product (e.g. penicillin). Patent offices have considerable experience in evaluating patent applications for novel chemical compounds, and they have chosen to treat each gene as a new chemical compound and to grant "composition-of-matter" patents (Box 2). The USPTO adopts the position that however obvious the method of isolation of a gene, the sequence determined for that gene is not obvious and, on this basis, a composition-of-matter patent is justified. Thus, "a patent granted on an isolated and purified DNA composition confers the right to exclude others from any method of using that DNA composition for up to 20 years from the filing date" (Boxes 1 and 2).

The USPTO have rejected the counter argument that a gene should be treated not as a novel chemical, but as biological software comprising a program written in the sequence of the nucleotides. DNA is a simple chemical polymer, a polynucleotide containing four types of subunit. The novelty of each gene lies in the complex information encoded by the sequence of the four nucleotides (designated A, C, G, and T) forming the polymer. The basic information contained within a gene can be written as the order of A, C, G, and T nucleotides (analogous to the series of 0s and 1s in a software program) without using chemical nomenclature. Patent protection on software has not usually been granted, and copyright has been the only commercial protection - a much weaker protection, although one of longer duration.

In contrast to the USPTO position, I hold the view that genes are essentially discoveries, rather than inventions (Box 1), and that the discovery process is now a routine one. As such, allowance of a composition-of-matter patent cannot be justified. However, where a useful function of a gene can be demonstrated, it might be reasonable to allow a use patent on the gene and/or its product. This leaves the way open for novel uses for the same gene to be claimed in subsequent patents.

How Valuable are Gene Patents to the Pharmaceutical Industry?
Gene patents are being filed not only by pharmaceutical and biotechnology companies, but also by academics. There are potentially valuable commercial uses for a few genes and gene products, either as therapeutic agents or as diagnostic reagents, but most genes will be used as tools in biological investigations. It is in the public interest that products are developed from our knowledge of genes and genomes. However, for few, if any, genes can a case be made that patent protection is essential for product development. Consider four commercial possibilities:

(1) A few genes might be used directly for gene therapy. Methods for the use of genes in gene therapy are still at an early stage of development. The inventive steps here will relate to the delivery vectors and technology. It is probable that no individual gene therapy will have a large market size, so delivery technology will have broader commercial value than the value of the gene itself.

(2) A handful of genes will encode proteins that could be novel therapeutic agents (e.g. human growth hormone, erythropoeitin). These agents require protection analogous to that afforded in other drug development. Intellectual property (IP) protection is essential for a viable pharmaceutical industry; without patent protection on each drug as a new chemical entity (NCE), companies would not undertake the long, expensive, and risky process of drug development. The research and development period averages about half of the 20-year monopoly allowing the remaining ten years for sales to recoup the costs and make a profit before generic competition becomes legal. The attrition rate in drug development is high, with nine out of ten NCEs that enter clinical trials failing in Phase I. Thus, where the product of a gene, rather than the gene itself, has utility as a therapeutic agent, a composition-of-matter patent will be needed before embarking on development process. A patent covering the protein product (analogous to the NCE) would suffice.

(3) Pharmaceutical companies need access to, but not ownership of, genes as potential drug targets (e.g. G-protein-coupled receptors, ion channels, enzymes). Indeed, making successful new drugs is difficult, and it is in the public interest that there is extensive competition to invent the best drug (or drugs) against each target. Monopolies on gene targets are thus not in the public interest. Broad, non-exclusive licensing of gene patents across the industry would be one solution, but this is not the norm. Compulsory licensing is another possible solution, but it has been questioned whether compulsory licensing can be applied in practice, because industry does not favor this approach. Currently, a compulsory license can be granted when the patentee fails to exploit their invention, but this would not cover the many of cases where a gene is being used under a patent monopoly. However, the threat of compulsory licensing when non-exclusive access to a gene is deemed to be of considerable economic importance might have a beneficial effect on the behavior of patentees in granting access.

(4) When a gene sequence has diagnostic utility (e.g. screening for mutations in BRCA1 to test for predisposition to breast cancer) a use patent would provide sufficient protection for commercial assay development. The inventive step in diagnostics is assay development. The best assay should win the market. Claims on a gene sequence that cover uses in all diagnostic assays are unlikely to be in the public interest.

I conclude that the pharmaceutical industry does not require gene patents in order to make new drugs.

How Valuable are Gene Patents to Biotechnology Companies and Academics?
For biotechnology companies and academics, gene patents are viewed as "value generators." The IP portfolio of a biotechnology company can enhance the value of that company in the eyes of investors. For academics, patents can be economically important, but their value is not so clear. Most academic research institutions have created Technology Transfer Offices (TTO) in the hope that the IP generated by their research will reap large financial rewards. The majority of TTOs do not cover their costs. Patents are often licensed by TTOs to biotechnology companies as a way of realizing potential value. For academia, the most lucrative patent to date has been the Cohen-Boyer patent on recombinant DNA technology. This was licensed non-exclusively worldwide, and earned about $200m for the host universities during the life of the patent. However, financial gain from such licenses is the exception rather than the rule. Any gains that are made must also be set against the hampering of academic research by the restrictions on the flow of information engendered by patenting genes [1], especially because exclusive licensing of gene patents is the norm. The restrictions begin with academic secrecy before patent filing and proceed to Material Transfer Agreements between academic institutions for exchanges of research tools that would previously have been easier to effect. Such restriction of academic research could have far-reaching effects.

Synergy Between Academia and Industry
Genomics is data intensive. Sequences of genes and genomes provide raw material for further research, either academic or industrial. Knowledge stemming from that research will underpin our future understanding of physiological and pathological processes. Drug research is information and knowledge intensive. Considerable biological information is required to justify undertaking a project on a potential new drug target. The conversion of data into information is mainly accomplished by academic research. Full and free access to genomics data, without the hindrance of patents, is essential for the most efficient pursuit of academic research. Industry is best placed to create new drugs when there is a good biological understanding, and that stems largely from academia. This synergy can be mutually and socially beneficial.

Europe versus the U.S.A.
Allowing patents on genes has political and nationalistic overtones. The USPTO has the most relaxed rules in allowing composition-of-matter patents with broad claims on genes. A cloned gene is recognized as an invention by the USPTO on the grounds that others could not have predicted the sequence of the gene. In the U.S.A., priority is based on "first to invent," whereas elsewhere it is on the based on "first to file" (Box 1), giving US-based inventors a distinct advantage. The USPTO accepts an electronic comparison with a structural analogue as the basis for utility, even though this contradicts their own criterion for obviousness that "prima facie obviousness requires a structural analogue in the prior art." The Bayh-Dole act, passed in 1980, was intended to retain intellectual property on government-funded research for commercial advantage to the U.S.A. Under the terms of the Bayh-Dole act, academic institutions supported by Federal Government funds are allowed to keep income from patents filed on the resulting inventions. This has led to a substantial increase in academic patent filings and encouraged many academics to found start-up companies.

The patent climate is only one factor (others include the supply of venture capital and a more entrepreneurial climate) that has encouraged the prolific growth of biotechnology companies in the U.S.A. The resultant breadth and depth of such companies there ensures that the U.S.A. is best placed to exploit genomics commercially and, therefore, to benefit economically from patent monopolies on genes. Although this might be seen by some as a fulfillment of the intentions of the Bayh-Dole act, domination by the U.S.A. of the commercial benefits of the Human Genome Project through aggressive patenting could evoke a backlash from the rest of the world.

In Europe, patenting of genes has not been accepted so readily, and it has been claimed that the difficulty in obtaining patents on genes could slow the growth of biotechnology in Europe. It has therefore been argued that care should be taken not to put Europe at a commercial disadvantage by withholding patents on genes. However, Europe traditionally has a strong pharmaceutical industry, and, if one accepts the conclusion (see above) that drug discovery requires access to, rather than ownership of, gene sequences, the dearth of gene patents could encourage an expansion of pharmaceutical R & D in Europe.

At one stage it appeared that a political consensus might be built to keep the human genome completely in the public domain. President Bill Clinton and Prime Minister Tony Blair issued a joint statement (March 14, 2000) proclaiming that, "the human DNA sequence and its variations should be made freely available to scientists everywhere." They acknowledged the many important discoveries that will stem from this free access and added that, "Intellectual property protection for gene-based inventions will also play an important role in stimulating the development of important new health care products." Many people hoped that this statement might be followed by action to ensure that the human genome remained a patent-free area. Action at the highest political level would have been courageous and far-sighted. However, no such action ensued and the moment has been lost.

Will Gene Patents Inhibit Research?
Both optimism and pessimism about the effects of gene patents on scientific and economic progress could be exaggerated. The patent monopoly extends for only 20 years, and it will take much longer to realize the full value of genomics, especially in commercial applications and profits. The extent of the adverse impact of gene patents on research will depend upon whether or not the research exemption (generally accepted in Europe) is upheld in the U.S. courts. An early affirmation would be desirable. The effect of gene patents on drug discovery will be limited by the time taken for patents to be granted in the U.S.A. In the U.S.A., use of a gene (or its product) as a drug target only infringes any patent thereon after the patent issues. The steps using a cloned gene(s) for screening and for refining drug leads might well be completed before the patent on the gene(s) is issued in the U.S.A. In Europe, infringement is held to occur with any use after the date of publication of the patent (i.e. 18 months after the date of filing). If necessary, companies can arrange to conduct screening using patented genes in countries where the patent does not apply.

In conclusion, society is entitled to see maximal benefit from the public funding of the Human Genome Project. True inventiveness deserves to be rewarded with patents. Discovering genes is now a routine process that does not warrant a "composition-of-matter" patent. By contrast, determining the function(s) of a gene might be an inventive step worthy of the allowance of a "use" patent on the gene product covering that function. In the few cases where there is a potential therapeutic use for a protein, a composition-of-matter patent on that protein would afford the necessary protection for undertaking clinical development. Ideally, genes should be patent free.
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