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A
bstract

This article exam
ines w

hat it m
eans to patent a gene. N

um
erous ethical concerns have been raised

about the effects of such patents on clinical m
edical practice as w

ell as on research and developm
ent.

W
e describe w

hat kinds of inventions are covered by hum
an gene patents, give several exam

ples and
sum

m
arize the sm

all body of em
pirical research perform

ed in the U
S exam

ining the effects of these
patents. There is little evidence that early fears about gene patenting placing substantial restraints on
research and clinical m

edicine have com
e to fruition. N

onetheless, there are areas of concern, and
policy m

akers, physicians and the public should be alert to ensure that the net social benefits of
patenting hum

an genes are m
aintained.

K
eyw
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G

ene patent; G
enetic invention; D
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IntroductionN
early 30,000 hum

an genes have been patented in the U
S [R

. C
ook-D

egan, pers. com
m

un.].
Patents w

ill often be secured in countries throughout the w
orld w

here the patent ow
ner thinks

there m
ay be a viable m

arket. Patents are granted by the U
S governm

ent to inventors for new
,

non-obvious and useful inventions and discoveries, and sim
ilar standards of patentability are

applied around the globe. A
 patent grants to its ow

ner the right to exclude others from
 m

aking,
using or selling a patented m

achine or com
position of m

atter, or using a patented m
ethod,

typically for a period of 20 years from
 the date of filing a patent application. In contrast to trade

secrets (w
hich m

ust be kept secret by their ow
ner and do not protect against independent

invention), patents require disclosure that teaches the w
orld how

 to m
ake and use an invention,

rew
arding the inventor w

ith a period of exclusivity during w
hich tim

e profits m
ay be earned

from
 its com

m
ercialization.

Throughout the developed w
orld, patents are aw

arded follow
ing an exam

ination by a patent
agency (e.g., the European Patent O

ffice, the U
S Patent and Tradem

ark O
ffice). Exam

ination
procedures ensure that inventions fulfill the standards for patentability, and that the patent
grants protection only for that w

hich has been invented, and no m
ore. The patent claim

 defines
the scope of patent protection. Typically, there is a negotiation betw

een the inventor and the
patent exam

iner, w
ith the form

er trying to get very broad protections, and the latter seeking to
allow

 a patent narrow
ly restricted to the technological im

provem
ents m

ade by an invention
and disclosed in the specification. B

road claim
s m

ay often be granted for breakthrough
inventions, such as those on the polym

erase chain reaction (PC
R

), recom
binant technology,

gene knock-out m
ethods and even for individual gene sequences. B

ecause broad claim
s to
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inventions such as a sequence or a recom
binant protein are so basic, they cannot easily be

invented around, and any im
provem

ents are likely to require licenses before they can be used
com

m
ercially. In biotechnology, such licenses m

ay be im
possible to secure, since the ow

ners
of the dom

inant patents are likely to depend upon them
 to m

aintain m
arket exclusivity [1,2].

In any technology, broad claim
s w

ill create a disincentive for dow
nstream

 developm
ent and

im
provem

ents [3].

A
 patent grants w

hat is called a negative right, i.e., the right to enjoin others from
 using the

claim
ed invention w

ithout perm
ission. A

 patent ow
ner m

ay turn to the governm
ent – through

law
suits for infringem

ent – to use its judicial and police pow
ers to block others from

 m
aking,

using or selling the invention and to collect dam
ages from

 those w
ho infringe. A

 patent does
not grant its ow

ner the positive right to use an invention, as its use or application m
ay be subject

to legal restraints (e.g., hum
an cloning) or regulatory licensing requirem

ents (e.g., drugs and
m

edical devices). Likew
ise, there is no legal com

punction for a patent ow
ner to ‘w

ork’ or
license others to use a patented invention, and, as a general rule, a patent m

ay even be used
w

holly to keep products from
 com

ing to m
arket [4]. Exceptions have been recognized for

com
pulsory licensing of patented inventions w

hen deem
ed necessary to protect public health

and w
elfare (such as w

eapons and drugs) [5]. The U
S Federal G

overnm
ent retains ‘m

arch-in’
rights to patents resulting from

 federally funded research if the inventions are not developed
for practical application or if necessary to alleviate health or safety needs w

hich are not
reasonably satisfied (although this right has never been exercised) [6].

H
um

an gene patents result from
 the cloning and description of the sequence of a gene, the role

or function of w
hich is som

ew
hat understood. A

s cloning and sequencing capabilities rapidly
evolved in the 1980s, patent applications on hum

an genes w
ere filed in increasing num

bers.
Q

uestions concerning the w
isdom

 of patenting genes w
ere highlighted by the 1991 patent

application filed by the U
S N

ational Institutes of H
ealth that w

as subsequently am
ended to

cover thousands of expressed sequence tags. Expressed sequence tags are unique nucleotide
strings, random

ly culled out of the genom
e, w

hich have no know
n function other than as a

distinctive m
arker. These applications w

ere ultim
ately w

ithdraw
n, but in 2001, the concerns

over the scope of gene patents led the U
S Patent and Tradem

ark O
ffice to clarify its patentability

standard for genes, requiring that a patent applicant m
ake a credible assertion of specific and

substantial utility of the genetic invention [7,8].

G
ene patents cover three distinct types of invention: (1) diagnostics, (2) com

positions of m
atter

and (3) functional uses. W
e discuss each in turn, providing exam

ples, highlights of areas of
concern and w

hat is know
n about each. This overview

 is centered on U
S patent law

 and w
hat

is know
n about how

 gene patents are being used in the U
S. Som

e of the problem
s discussed

have begun to spill over to Europe, C
anada and A

ustralia, as discussed elsew
here in this issue.

This is not m
eant to be a com

prehensive international review
 [9], but only an attem

pt to
dem

onstrate the breadth of gene patents, discuss concerns about how
 they are being used and

sum
m

arize relevant em
pirical data.

D
iagnostic U

ses
The first type of genetic ‘invention’ covers testing of genetic differences. W

e have referred to
these types of patents as ‘disease gene patents’, because they claim

 the characterization of an
individual’s genetic m

akeup at a disease-associated locus w
hen perform

ed for the purpose of
diagnosis or prognosis [10]. These patents typically cover all know

n m
ethods of testing,

including the use of hybridization, Southern analysis, PC
R

 and even D
N

A
 chips. Since the

fundam
ental discovery patented is the statistical observation of a genetic difference and a

phenotypic difference (such as the occurrence of disease), then any m
ethod for testing for that

genetic difference can be covered by the patent [11].
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W
ell-know

n exam
ples of disease gene patents include those covering genes im

plicated in
breast and ovarian cancers (B

R
C

A
1 and B

R
C

A
2), colon cancers (H

N
PC

C
, FA

P), cystic
fibrosis (C

FTR
), hem

ochrom
atosis (H

FE) and a grow
ing num

ber of neurological diseases
including late-onset A

lzheim
er’s disease (A

po-E), C
anavan disease, C

harcot-M
arie-Tooth

disease (C
M

T-1A
, C

M
T-X

), spinal m
uscular atrophy (SM

N
1), spinocerebellar ataxia (SC

A
1–

12) and others.

There are several characteristics of genes and disease gene patents that dem
onstrate how

 the
genom

e is being divided up by sm
all patent claim

s to overlapping genetic territory. First, any
one gene m

ay have m
ultiple patents claim

ing the diagnosis of different polym
orphism

s. Thus,
several patents have been issued for testing of different m

utations in the C
FTR

 gene [12].
Further, som

e diseases (at least the phenotypic expressions of them
) are caused by m

ultiple
genes, such as C

harcot-M
arie-Tooth disease [13]. Q

uestions about ow
nership and access get

m
essy w

hen there are m
any hundreds of know

n m
utations in m

ultiple causative genes, as
exem

plified by B
R

C
A

1 and B
R

C
A

2, for w
hich there are at least a dozen U

S patents on tests
of these tw

o genes [14]. Finally, patents can issue on the sam
e exact m

olecular test w
hen it is

perform
ed for different diagnostic or prognostic purposes. For exam

ple, an A
po-E test, in w

hich
the num

ber of E2, E3 and E4 alleles carried by a patient is assessed, can be perform
ed for each

of the follow
ing patented uses: (1) determ

ining w
hether a patient is at risk of early onset

A
lzheim

er’s disease [15]; (2) assessing an A
lzheim

er’s disease patient’s prognosis [16]; (3)
determ

ining a course of therapy based on pharm
acogenetic receptivity [17], and (4) assessing

a patient’s prostate cancer risk [18]. A
po-E is also used for the assessm

ent of cardiovascular
risk, but this use has not been patented. In these cases, a patent thicket is created that can lead
to difficulties in securing licenses and expenses in paying m

ultiple ‘stacked’ royalties to
m

ultiple patent ow
ners [19].

To the best of our know
ledge, the ow

ners of the overw
helm

ing m
ajority of issued gene patents

have not aggressively enforced their rights against clinical m
olecular diagnostics laboratories.

N
onetheless, a m

ajority of genetics laboratories across the U
S report that they have had one

or m
ore of the above disease gene patents asserted against them

 [20,21]. In som
e cases, these

patent ow
ners have been w

illing to grant a license to laboratories perform
ing a hom

e-brew
 test.

Per test royalties of w
hich w

e have becom
e aw

are include U
SD

 2 for the �F508 m
utation of

C
FTR

 (U
niversity of M

ichigan), U
SD

 5 for G
aucher’s disease (Scripps Institute), U

SD
 12.50

for C
anavan disease (M

iam
i C

hildren’s H
ospital) and reportedly m

ore than U
SD

 20 for H
FE

(B
io-R

ad). In som
e cases, an up-front license fee (not tied to volum

e) has been dem
anded as

w
ell [22]. W

hile these royalties arguably reduce access and create problem
s for laboratories,

they m
ust be exam

ined in the context of the U
S com

m
ercial, profit-centered health care system

.

C
linical as w

ell as research laboratories typically pay royalties for the use of patented
technologies. For exam

ple, the price of w
idely-used PC

R
 m

achines and reagents includes a
prem

ium
 paid for the use of the patented technologies. In addition, a royalty of about 9%

 is
paid for all testing done by licensed laboratories [21]. A

s discussed in great detail by N
icol

[23], the m
ost recent patents enforced against biotechnology com

panies and testing laboratories
are those that claim

 the extrem
ely broad uses of intronic and extra-gene sequences for

generating haplotypes and identifying allelic variation [24]. D
isease gene patents vary in

significant w
ays from

 these m
ore typical patented tools that are used by laboratories for testing

for a variety of specific disease genes. C
ritically, since a disease gene patent claim

s all m
ethods

of testing for a specific gene, there is no plausible w
ay of w

orking around these patents and
the patents m

ay be used to m
onopolize a test.

Fortunately, in only a handful of cases, patent ow
ners have refused to grant licenses to

laboratories to allow
 them

 to perform
 specific tests. In a few

 cases, patent ow
ners have used

the patents to m
onopolize the testing service, requiring physicians and laboratories to send
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sam
ples for testing to the ow

ner or its specified licensees. Thus, tests for breast and ovarian
cancer genes (M

yriad G
enetics) and a set of neurological disorders (A

thena D
iagnostics) are

generally available from
 only these com

m
ercial laboratories. Sm

ithK
line B

eecham
 C

linical
Laboratories m

ade a brief attem
pt at capturing the testing m

arket for hem
ochrom

atosis before
the business unit w

as sold to Q
uest D

iagnostics, w
hich then transferred ow

nership to B
io-R

ad
[22]. M

yriad has extended its reach beyond the U
S borders, seeking to enforce its B

R
C

A
 patents

in, am
ongst others, France [25], C

anada [26] and the U
K

 [27]. The test for C
anavan disease,

despite being easily included in panel assays that m
any laboratories can run, w

as restricted to
selected laboratories around the U

S by the patent ow
ner, M

iam
i C

hildren’s H
ospital [28].

In these cases, laboratories have been told w
here patient sam

ples m
ust be sent to have the

patented tests perform
ed and how

 m
uch it w

ill cost. B
eing com

pelled to stop providing testing
services has serious im

plications for the ability of m
olecular pathologists to m

aintain currency
in their field, to treat their patients w

ith com
prehensive m

edical services, to train residents and
fellow

s, to perform
 research and to run their laboratories in an efficient m

anner. H
ospital-based

laboratories m
ust often absorb part of the fixed m

onopoly costs of the tests w
hich they are

com
pelled to offer patients but for w

hich health insurance m
ay not cover the full price. Seen

in this light, these patents raise the costs of clinical services and restrict physicians’ ability to
practice m

edicine [4,29].

C
om

positions of M
atter

The second broad type of genetic invention relates to com
positions of m

atter (i.e., chem
icals

and m
aterials), including the isolated and purified gene (cD

N
A

) and all derivative products
(e.g., recom

binant proteins or drugs, viral vectors and gene transfer ‘therapies’, transfected
cells, cell lines and higher order anim

al m
odels in w

hich the patented gene has been inserted
or knocked out). A

ccording to the B
iotechnology Industry O

rganization, there are m
ore than

200 biotechnology drugs and vaccines that have been approved by the U
S Food and D

rug
A

dm
inistration [30], and m

ore than 370 drugs are in clinical trials [31].

Patents on hum
an genetic com

positions of m
atter cover a broad array of chem

icals and
technologies. For exam

ple, hum
an insulin, hum

an grow
th horm

one and m
any other proteins

that can be isolated and purified from
 hum

an blood or urine can be patented. Further,
synthesized products can be covered by various patent claim

s, including (1) claim
s to the

sequences used (both the sequence to be transcribed into R
N

A
 and proteins as w

ell as prom
oter

sequences); (2) the virus or other vectors containing the claim
ed sequence; (3) transfected cells,

cell lines and nonhum
an organism

s created and used in these processes, and, perhaps m
ost

im
portantly, (4) the proteins or other therapeutic products m

ade by these claim
ed processes.

The last, called ‘product by process’ claim
s, allow

 patent ow
ners to prohibit the use or sale of

products m
ade by the claim

ed processes, regardless of w
here the product is m

ade.

Functional U
se

Finally, a third and em
erging class of gene patents is that w

hich claim
s the functional use of a

gene. These patents are based on discovery of the role genes play in disease or other bodily
and cellular functions or pathw

ays, and claim
 m

ethods and com
positions of m

atter (typically
called ‘sm

all m
olecule’ drugs) used to up- or dow

nregulate the gene. N
ote that these drugs are

not likely gene products, but rather other types of chem
icals found to effect gene functioning,

and the drugs are likely patentable them
selves as unique chem

ical entities useful as therapy.
For exam

ple, a patent that w
as recently invalidated claim

ed m
ethods and com

positions of
m

atter for the selective inhibition of the C
ox-2 gene, w

hich prevents inflam
m

ation and pain.
The patent w

as invalidated because the patentee, the U
niversity of R

ochester, failed to disclose
a chem

ical entity that w
ould perform

 such selective inhibition [32]. The patent claim
ed the

m
echanism

 by w
hich three drugs that later cam

e to m
arket w

ork: C
elebrex, w

hich is co-
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m
arketed by Pharm

acia (of w
hich Searle is part) and Pfizer, Pfizer’s B

extra and M
erck’s V

ioxx.
Each one of these chem

ical entities m
ay be patented as a new

, non-obvious and useful drug
for the treatm

ent of inflam
m

ation and pain, but the C
ox-2 patent attem

pted to claim
 all drugs

that w
ork by m

anipulating the function of the target gene.

A
 sim

ilar case to the C
ox-2 litigation involves a patent aw

arded to H
arvard and M

assachusetts
Institute of Technology and exclusively licensed to A

riad Pharm
aceuticals. The patent claim

s
the basic regulation of any genes by reducing intracellular activity of the transcription factor
N

F-kB
 [33]. U

pon aw
ard of the patent, A

riad sued Eli Lilly for infringem
ent by their

osteoporosis drug Evista and their sepsis drug X
igris and has asserted the patent against

num
erous other com

panies. Lilly’s patent applications for these tw
o com

pounds predate the
filing of the N

F-kB
 application [34]. A

riad should have a hard tim
e w

inning, both because,
like the selective C

ox-2 inhibition patent, the N
F-kB

 patent fails to disclose specific agents for
regulating the factor and because the com

pany is trying to assert its patent in a w
ay that w

ould
rem

ove from
 the m

arket chem
ical entities that predated the discovery and disclosure of the

functional pathw
ay by w

hich those drugs w
ork.

Finally, w
e have the case of V

iagra. Pfizer, w
hich has had its erectile dysfunction drug V

iagra
on the m

arket for several years, recently received a patent claim
ing the m

olecular pathw
ay by

w
hich V

iagra w
orks. The patent claim

s any selective PD
E5 inhibitor used to treat im

potence
[35]. Im

m
ediately upon allow

ance of its patent in late 2002, Pfizer sued B
ayer and

G
laxoSm

ithK
line for their drug Levitra and Eli Lilly and their partner Icos for their drug C

ialis,
w

hile both drugs w
ere proceeding tow

ards the Food and D
rug A

dm
inistration approval (and

have since been approved) [36]. The difference betw
een the V

iagra case and the C
ox-2 case

is that Pfizer actually has and claim
s a specific class of drugs that w

ork by the claim
ed

functional pathw
ay. W

hether this is an adequate basis on w
hich to allow

 Pfizer to lay claim
 to

all drugs that w
ork by the sam

e m
olecular m

echanism
 is a fundam

ental legal question that
loom

s over the pharm
aceutical industry.

C
oncerns about G

ene Patents and R
esearch

O
ne of the prim

ary concerns about hum
an gene patents is that they w

ill m
ake it m

ore difficult
to perform

 research, thereby delaying or im
peding discovery and developm

ent of diagnostics
and therapeutics [37]. In the U

S, there is no statutory research exem
ption, but only an extrem

ely
narrow

 court-defined exem
ption. A

s recently sum
m

arized by the C
ourt of A

ppeals for the
Federal C

ircuit in a law
suit against D

uke U
niversity, ‘regardless of w

hether a particular
institution or entity is engaged in an endeavor for com

m
ercial gain, so long as the act is in

furtherance of the alleged infringer’s legitim
ate business and is not solely for am

usem
ent, to

satisfy idle curiosity or for strictly philosophical inquiry, the act does not qualify for the very
narrow

 and strictly lim
ited experim

ental use defense’ (italics added) [38]. D
uke w

as not
excused from

 potential infringem
ent of patents covering laboratory equipm

ent sim
ply because

the equipm
ent w

as used solely for research and educational purposes, w
hich the C

ourt found
to be the core of D

uke’s business. A
 strong argum

ent can be m
ade that the research exem

ption
should be m

uch broader, encom
passing research aim

ed at better understanding of the claim
ed

invention, such as how
 it w

orks and w
hether it w

orks as taught by the patent, how
 to im

prove
upon it and how

 to w
ork around it. Indeed, practically speaking, this m

ay in fact be how
 patents

are m
ost com

m
only used. A

s a colleague stated it, research on the invention should be exem
pt

w
hile research using the invention is infringem

ent [P. D
ucor, pers. com

m
un.]. A

s m
entioned

earlier, the patent law
 trades a period of exclusivity for disclosure, and com

petitors should not
have to w

ait for the period of exclusivity to end before learning from
 that disclosure and

attem
pting to im

prove upon it. The fact that com
petition occurs is show

n by a sim
ple exam

ple:
a U

S patent search for different com
binations of PD

E or PD
E5 or phosphodiesterase and
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erectile or dysfunction in patent claim
s yields 76 patents assigned to 18 different com

panies
and 2 universities [39].

Little is know
n about how

 gene patents are being used and w
hether they are having a net

beneficial or detrim
ental effect on scientific research and com

m
ercial product developm

ent.
Patents are clearly seen as a necessary stim

ulus for the infusion of venture and risk capital in
the bio-technology industry; the role patents play in m

otivating academ
ic researchers is less

clear. Som
e data have been generated about the licensing of biotechnology patents. These

studies suggest that m
ost genetic inventions are not patented, but w

hen they are, they are being
licensed on exclusive term

s [40,41]. In turn, researchers and firm
s appear to have developed

various strategies to m
inim

ize the potential detrim
ental effects of the patents, including taking

licenses w
hen possible, inventing around patent inventions, going offshore, using publicly

available resources, litigation and infringem
ent [42]. N

onetheless, m
uch rem

ains unknow
n

about the effects of these practices on basic research and com
m

ercial com
petition.

C
onclusionIn conclusion, w

e see that ‘gene patents’ cover a broad range of invention. Each type has its
ow

n potential uses and m
arketable products, and each raises potential problem

s depending on
how

 the patents are used in the relevant m
arketplace. M

uch rem
ains unknow

n, and indeed, the
m

arket is still adapting to these patents. Thus, it is extrem
ely im

portant to continue to study
and m

onitor how
 gene patents are being used, licensed and enforced in order to develop policy

interventions if deem
ed necessary.
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