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The "tragedy of the commons" metaphor helps explain why people overuse shared 
resources. However, the recent proliferation of intellectual property rights in biomedical 
research suggests a different tragedy, an "anticommons" in which people underuse 
scarce resources because too many owners can block each other. Privatization of 
biomedical research must be more carefully deployed to sustain both upstream research 
and downstream product development. Otherwise, more intellectual property rights may 
lead paradoxically to fewer useful products for improving human health. 

T h i r t y  years ;ieo in Scizniz ,  Garrett Hardin 
~ntrodrtceil the  metaphor "tragedy of the 
c i )mmcx~~"  ( 1 ) to help explain OI-erpopula- 
tion, air L ~ i i l l ~ ~ t i o n ,  and Lpecles cxt~nct ion.  
P c c ~ ~ ~ l e  ottcil o\-eru\c resources they o\vn in 
co~l l~l lol l  I~cca~tse  they ha\,e n o  incenti\-e to 
con\erve. Tilila!-, Hardln's metaphor i. cen- 
tral t ~ )  Jel~ate5 in economics, l an ,  anil sci- 
ence anil is a ron.erfrll 1r1stificatiiin for ari- 
1-ati:ill c~ )mmons  property ( 2 ) .  ,.iltho~tgh 
the 1netaphL)r highl1~11t5 the coqt of 01-errtse 
1v11c.n po\~ernmentz allo\v too manr- people 
to use a .;carer resortrce, it 01-erloc~l~s the  
possil~llity ot  rtniderrtse \ rhen go\-crnments 
nil e too man\- people rlphts to crclrtde 0th-  
era. Prlvatiration call sol\-e one tragedr- llut . , 

ca~~ ,qc  an i~ the r  ( 3 ) .  
Since Harilin's artlclc appeared, 1110- 

llledical rcsearcll has l ~ r c n  mo\.ing frc~nl a 
common> model tL).ivaril a privatization 
moJel 14). Uniicr the  coillll1illls moilel. 
t he  fcileral go\-emment 5pon.ored premar- 
ket or "upstream" research and encouraued 
llroad d~sseiuinatlon of results 111 t he  pub- 
lic ilom,?ln. Unpatented hiomeilical dis- 
coverles \\-ere treelr- incor~ioi-atcd in  

promote ciilllillercial ~le\-clolimcnt c ~ t  n a v  
technolo:ies, Congreqs began encortr;iging 
~tni\.ersities and other institutions to  
pat t ' i~ t  iI~.co\-erles ;irisilly t1.011l teclerallr- 
suppi)rteil research and dcvelopmcnt anil 
to tranqfer their t c i h ~ ~ ( ~ l o ~ \ .  t o  the  private 

Lector (5). S ~ t p p o r t e r ~  ~iplllaud the  result- 
ing increase in patent t l l l n y ~  anLl prlvatc 
invc.tment (6), \\-hereas critics fear dete- 
rioration 111 t he  culture c7f upstream re- 
5c;irch ( 7 ) .  Building o n  Heller's theory of 
;inticommons propert!- ( 3 ) ,  thlh article 
iilentifie. a n  u n i n t e i ~ ~ l e d  anil p;ir;iJoxical 
conseqrtcncc o t  hiiimeilical prir atiration: 
..i prolltrration of intellectual property rights 
upstream may be stitliilg llie-savlnp innova- 
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tion5 further dolvnstream in the coL1r.e o t  
research and proilrtct t l r ~ e l o ~ ~ m e n t .  

The Tragedy sf the Antiesmmons 

Antic,>mmon5 property can b e ~ t  be uniler- 
~ t o o d  as the lllirror inlage of common.. p r o p  
erty ( 3 ,  8). ,A resource is prone to (31-cruse in 
;i traneiiv o i  the  coillinoils when too many 
on.ner.; each have a privilege to use a :I.\-en 
rc.ource xinil n o  one has ;i right to escluJe 
another (9 ) .  RT- contrast, ;i resource 1s prone 
to rtnJcrrtse in a "trageiir- of the anticc>m- 
mons" \vhen m u l t i ~ ~ l e  onrnrrs each have ;i 
rlaht to exclude others tiom a scarce rc- 
sortrce anil n o  one has an  etfective pri\-ilege 
of use. In  theor!-, in ;i .iyorlJ of cc~st lcs~ 
transactions, people cc)rtlil ;il\.i-a!-h avoii1 
commons or ;inticommons tragciiie< b7. 
trail111 their right. ( 1  c?!. In practice, 11on.- 
ever, a\-oidlng trqeiiy 1-e~lu~i-e.; o\.erci)mlny 
transaction cost,, strategic heha\-iors. anil 
cognitive 1-iast's o t  participants i 1 1 !, \\-it11 
succehs more likely n.itl1111 close-knit corn- 
munlties r11;in ainolnp hostile straiyers ( 12- 
14).  Once an  anti common^ cmeryes, col- 
lectillg riyhts into usable prir-ate property is 
often I?rut;il ancl qlon. ( 1.5). 

Pril-ati:atian 111 pi~at,socl;ili~t economies 
starkl!- illustrates ho\\- anticonlmc~nq proper- 
ty can emerpe and persist (3) .  O n e  promise 
of the  trailsitlo11 to .i tiec market \vas that 
11el.i- rntrcarencur.; ~voulil fill .tore5 that 
iociallit rule had left l1;irc. 1-et attrr  ie\-era1 
\-ear.; ot reform. illan\- pri\-atl;eLl ~tilrefi-i~nt\  
rcmalneJ empty, nhi le  fl~ms\- illeta1 kiosk., 
stoclied full of giloJs, mushroomed 011 the  
htrcetb. Why iliil the  ne\v merchants not 
come in from the  cold! O n e  reason \yxs that 
trail\itiiiil ~ o ~ ~ e i - ~ l i l l e n t s  often fC~lled to en- 
dow ailr inLlivlLlual with a l~unille o t  right> 
that represents t~l l l  on-ncrship. Instrail, hag- 
illented riuhts w r e  distributecl to variorts 
soc~alist-era stakeholilers, including prir-ate 
or quasi-yri\-ate cntrrprl\c., n-orkers' collec- 
tives, i~ri\~atizatlon ;i:encies, and local, re- 
gional, anL1 federal g~.\-ernments.  No one 

ciiulLl set up sholi ~ i t h o u t  iirst collectillg 
rights trom each of the  other olvners. 

Privati:atlon (>f upstream I:iometl~cal re- 
earth in tllc UillteJ State. ma\- create 
anticommonq property that i. less \.isiblc 
tllail emptl <rorcfi.onts llut cr,en illore cco- 
nom~cally anil soclalll costly. In  thil v t -  
ring, pri\-ati:ation takes the fixm of intel- 
lectrtal propert\- c1;ilms to the  sort5 of re- 
search results that,  in a n  earlier era, n.oulJ 
have heen matlt ireel\ a\ ailable in the p~tl3- 
llc ilom;iii~. Rc\yonLling to x shift in U.S.  
go\-emillent pollcl (4) in tllc past tn.o dc- 
cades, research ins t i tu t ic~n such as the  Na- 
tiiiilal Inqtltutes of Health ( N I H )  and lllajor 
uni\ .er~ltiei  ha\-e created technology trans- 
i;r oftices to patent anil license their ills- 
cor,cries. ,At the siiille time, coinlllerclal 
1~iotechnolog~- firms 1x11-e einergeil kin re- 
search anil ilevelopment (RSrD) niches 
>ome\.ihere I?ct \~een the  pro\~erhi;il "trtnd;i- 
n~ental"  seearch o i  acailemic laboratories 
anil the targetrii prodrtct der~elopment of 
pharmaceutical firms (7).  Today, upstream 
research in the hiollledical sc i ence  is in- 
cre,~singly likely to he "p r l~a te"  in one or 
more Leil5e5 of the  term-supported h\- pri- 
vate t~tnils, carried out in  a pri\.atc 1nstitr1- 
tion, or pr l~ate l \ :  appropriated throui.11 pat- 
ents, traile hecrec\-, or agreements that re- 
strict the  rtse of materials anLl data. 

In  I?ii~medic;il research, a5 111 postsoclal- 
1st transition, pri\~;iti:ation holil5 I?oth 
promi.es ancl risks. Patents and other form> 
of inccllectr1al property pi-otectlon for up- 
stream discoveries may tortity inceintire to 
uililertalic rlblcy rc~ea rch  projects and coulil 
rrsrtlt in ;i more cilultal~le Llistrib~~tion of 
profits acrosi ;ill stage.; of R L D .  Rut privat- 
~zation call 9 astral n ~ l ~ e n  too man\- owners 
hold rights 111 prevli~us dlscovcries that cc~n-  
stitltte abstaclei to h t u r c  rese~irch (16). 
U p t w a i n  patent riphtl, initiall\- offereil to 
11elp attract turther pri\.ate ~nres tmen t ,  are 
increasingly regarded as elltitlcllleilts by 
those n.ho do  research n1th public iund5. ,.i 
re5earcher \vho may have felt cnt~t le i l  to 
coau thorh i~ i  or a cltatioil 111 an  earlier era 
ma\- i ~ o ~ \ ~  feel eiltltled to he a coinventor o n  
a patent or to recelve a royalty under a 
materlal transfer aFrecmcnt. T h e  result has 
been a spiral otoverlapping patent claim5 111 

tllc hands o i  different on.ncrs, reaclling ever 
Llrther upstredm 111 the  course of hiomeili- 
cal research. Researcher5 and their institrt- 
tions ma\: reseilt restrictions 011 access to 
the  l iatei~ted ~liscoverics of ilthers, je t  110- 
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body wants to be the last one left dedicating 
(RTL.As) on patented research 

- I through license agr& - findings to the public domain. 
The problem we identify is distinct from tools illustrates another path by which an 

the routine underuse inherent in any well- anticommons may emerge. As we use the 
functioning patent system. By conferring term, an RTLA gives the owner of a patent- 
monopolies in discoveries, patents necessar- ed invention, used in upsfream stages of 
ily increase prices and restrict use-a cost research, nghts in subsequent downstream 
society pays to motivate invention and dis- discoveries. Such rights may take the form of 
closure. The tragedy of the anticommons ' a royalty on sales that result from use of the 
refers to the more complex obstacles that upstream research tool, an exclusive or non- 
arise when a user needs access to multiple exclusive license on future discoveries, or an 
patented inputs to create a single useful fragments. A proliferation of patents on option to acquire such a license. In principle, 
product. Each upstream patent allows its hdividual fragments held by different own- RTL.As offer advantages to both patent 
owner to set up another tollbooth on the ers seems inevitably to require costly future holders and resewhers. They permit re- 
road to product development, adding to the transactions to bundle licenses together be- searchers with limited funds to use patented 
cost and slowing the pace of downstream fore a finn & have an effective right to research tools nght away and defer payment 
biomedical innovation. develop these products (21 ). until the research yields valuable results. 

Patents on receptors useful for screening Patent holders laray also prefer a chance at 
How a Biomedical Anticommons potential pharmaceutical products demon- larger payoffs from sales of downstream prod- 

May Arise strate another potential "concurrent frag- ucts rather than certain, but smaller, upfront 
ment" anticommons in biomedical re- fees. In practice, RTL.As may lead to an 

Current examples in biomedical research search. To learn as much as possible about anticommons as upstream owners stack over- 
demonstrate two mechanisms by which a the therapeutic effects' and side effects of lapping and inconsistent claims on potential 
government might inadvertently create an potential products at the preclinical stage, downstxam products. In effect, the use of 
anticommons: either by creating too many firms want' to screen products against all RTL.As gives each upstream patent owner a 
concurrent fragments of intellectual proper- known members of relevant receptor fami- continuing right to be present at the bargain- 
ty rights in potential future products or by lies. But if these receptors are patented and ing table as a research project moves down- 
permitting too many upstream patent own- controlled by different owners, g a t h e m  stream toward product development. 
ers to stack licenses on top of the future the necessary licenses may be difficult or So far, RTLAs have had a mixed recep- 
dkoveries of downstream users. impossible. A recent search of the Lexis tion as a mechanism for licensing upstream 

Concurrent fragments. The anticom- patent database disclosed more than 100 biomedical research patents, but they appear 
mons model provides one way of under- issued U.S. patents with the term "adrener- to be becoming more prevalent. When Cetus 
standing a,widespread intuition that issuing gic receptor" in the claim language. Such a Corporation initially p q m d  RTLAs on 
patents on gene fragments makes little' proliferation of claims presents a daunting any products developed through the use of 
sense. Throughout the 1980s, patents on bargaiiing challenge. Unable to procure a the polymerase chain reaction (PCR) in re- 
genes generally corresponded closely to complete set of licenses, firms choose be- search, they met strong n+tance from 
foreseeable commercial products, such as tween diverting resources to less promising downsman users concerned with developing 
therapeutic proteins or diagnostic tests for prqqts with kwer licensing obstacb or commercial products (22). Larer, Hohann- 
recop~ized genetic diseases (1 7). Then, in proceeding toanimal and then clinical test- La Roche acquired the nghts to PCR and 
1991, NIH pointed the way toward patent- ing on the basis of incomplete information. offered licenses that do not include reach- 
ing anonymous gene fragments with its no- More thorough in vitro screening could through obkations (23). The resulting pay- 
torious patent applications on expressed se- avoid premature cliical testing that ex- as-you* approach increases the upfront cost 
quence tags (ETs)  (18). NIH subsequently poses patients to unnecessary risks. . ofalicemetousePCR,butitdeneasesthe 
abandoned these patent applications and Long delays between the filing and is- likeliood of an anticommons emerging. 
now takes a more hostile position toward suance of biotechnol~g~ patents aggravate More recently, some universities and 
patenting ESTs and raw genomic DNA se- the problem of concurrent fragments. Dur- other nonprofit research institutions have 
quences (19). Meanwhile, private firms ing this period of pendency, there is sub- balked at terns DuPont Corporation has 
have stepped m where NIH left off, filing stantial uncertainty as to the scope of offered for licenses to use patented onco- 
patent applications on newly identified patent rights that will ultimately issue. mouse (24) and m-lox (25) technologies, 
DNA sequences, including gene fragments, Although U.S. patent law does not recog- although others have acquiesced to the li- 
before identifymg a c o q d i n g  gene, nize enforceable rights in pending patent cense terms (25). These patents cover ge- 
protein, biological function, or potential applicatiorls, firms and universities typi- netically engineered mice useful in research 
commercial product. The Patent and a l l y  enter into license agreements before that could result in produets falling outside 
Trademark Office (PTO), in examining the issuance of patents, and firms raise the scope of the patent claims. DuPont has 
these claims (20), could create or avoid an capital on the basis of the inchoate rights offered noncommercial research licenses 
anticommons. preserved by patent filings. In effect, each and sublicenses on terms that seem to re- 

Although a dhtabase of gene fraginenk is potential patent creates a specter of tights quire licensees to return to DuPont for fur- 
a useful resource for discovery, defining &at may be larger than the actual nghn, if 
property rights around isolated gene frag- any, eventually conferred by the FTQ. 
ments seems at the outset unlikely to track Worked into the calculations of both risk- 
socially useful bundles of property rights in taking investors and risk-averse product 
future commercial products. Foreseeable developers, these overlapping patent fil- 
commercial products, such as therapeutic ings may compound the obstacles to de- 
proteins or genetic diagnostic tests, ace velaping new products. 
more likely to require the use of multiple Stacking Itcenses. The use of reach- 
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DuPont to leverage its pr~~prie tary  positioli 
in upstream research tools into a broad i-eto 
right cii.er iioii-nstream reaearch aiid prociuct 
development. 

.Aa RTLl\s ti) uae p,itented research 
tools multipl\~,  researchers \\-ill face in- 
creablng Liit'iicultleb coiii-el-in? clcar title 
to firms that  ~niyl i t  cievelop future cllscov- 
eries. If a pa r t i c~~ la r ly  valllahle commercial 
pro~luct  i> In i-ieiv, iion.nstream prociuct 
iievelopers illipht he motivated ancl able to  
reach agreement? 'i'i.itli multiple holders o t  
RTLA?.  But it t he  proipects f i r  iuccess are 
Illore ~uiicertaiii or  the  expected commer- 
cial val~le  is small, the  parties ma!- fail to 
liargain past the  anticommons. 

(29).  Moreoi-er, the lack of substit~utes for 
certain bionieiiical ciiscoveries (such as pat- 
eiiteci eenes or receptors) ma!- illcrease tlie 
leverage of wine patent holLlers, thereb!~ 
ageravatine holdout problem,. Rii-als ilia>- 
not I:e able to invent around patents in 
re\earcl~ aimed at  ~uiiiierstaiiJing the genet- 
IC base. of diseases as tliev occur in natlure. 

money) (33, 34 ) ,  but in  tliis setting, there 
are reasoni to fear tliat o\vners \\-ill hai,c. 
conflictini. aacndas that make it ~lifficult to .- 0 
reach agreement. For es,lmple, a politicall\- 
accountable government agency such as 
N I H  may further ~ t s  pllblic health 111ission 
h>- using its in t e l l ec t~~a l  property rights to 
ensure ~vides~~reaci ai,ailahilit\- o t  nelv tlier- 

More generall>-, tliree s t ruc t~~ra l  co11- 
cerns caution agaiilst uncritical reliaiice o n  

ape~ttic proiiucts a t  reasonable prices. LVlien 
N I H  iought tc) estal~lish i t  co-o~vnersliip of 
patent rights lielii by Burrouglis-LVellcoi~le 
o n  tlie use of a:iciothymi~line (AZT)  to 
treat the human immunodeticicncy virw 
(HI\:) (ji), its purpose 11-aa to lo\\-er the  
price of AZT a~ i i i  promote puhlic hcalt11 
rather t l i a ~ i  a~ i~ ip ly  to maxiini:e i t  financial 
retllrn. By c~)ntras t ,  a private fir111 la  iilore 
likely to  use intellectual propert\- to main- 

marketa ancl iiorms to ai-old a biomedical 
a i i t icommon~ trageiiv: the transaction coats 
of rearranging entitlements, heternpeneo~~s 
in tere~ts  of o i i -ner ,  anLl cognitii,e biases 
ailioiluesearclieri. 

Transaction costs of bundling rights. 
High transaction costs may he a n  eiiciuri~y 
impeiiiment to efficient hunilli~ig ot  intel- 
lectual property right5 in biomedical re- 
search. First, many (~pstrc.am patent o w n e r  
are yubllc in?ritut~ons with l imite~l reaourc- 
es for al-sorhinp traliaaction coats a n ~ l  lim- 
ited competence in fast-paced, market-ori- 
eiiteJ bargallling. Secrnnii, the rights 111- 

volveLl co\,er a iiii.erse set of tecli~iiclrues. 

Transition or Tragedy? 
rain a 1ucratil.e proiiuct rilonopoly that re- 
\\~ariis shareholders and f ~ ~ n J s  t ~ ~ t u r e  arociuct Is a l~iomeiiical aiiticommoiii likell- to en- 

dure once ~t eiilergesi Recent empirical lit- 
er'iture iucgesti that comm~~ni t i e s  of intel- 

iiei-elopmeiit. \Y%en 0x1 neri have conflict- 
iiig goal. and each can deploy ~ t s  riphts to 
blocl; the strateyies of the others, the\- may 

. ~ 

lectual property olviiers 11-110 deal ivith each 
otlier 1 ~ 1 1  a recurring basis havc ometime.: 
Llevelot>ecl i n s t i t ~ ~ t i o ~ i s  to reduce traniaction 

iiot he able to reach a11 agreeme~it that 
leaves enougli nrivate value for iioivnstream 

c o t s  o t  b l~ i id l~ng  multiple licenses (28) .  For 
example, 111 the music i~idustry. copyriplit 
collectii-es 1iai.e evc)lved to facilitate licens- 

reagents, DN.1 sequences, and ins t r~u~l~ents .  
Ditficulties 111 coilipariilg the vallues o t  these 
patent? n.ill likely iilipede iievelopment of a 
ataii~lard distrilx~tion scheme. Third, the 
lieterogelieiti- of interests and reaourcea 

L, 

Llevelopers to l~r ing proJl~cts to the  market. 
.A illore subtle contlict in agenilas ariaes 

bet\\-cen ci\vners that pursue enci-nrociuct cic- 
ilig transactic)ns so that lxoaclcasters ancl 
other producers mai- readily ol>tain permis- 

i.elopment and those that focus primarily o n  
upstream research. T h e  goal of enil-product 
ilei.el<>pment may he better e r i - e ~ l  hy mak- 
ing patenteJ research tool> \viilelj- available 
1111 ;1 nonescl~~alve liaai?. \\-hereaa the coal of 

amoily '~thlic a i d  pri\.ate patent c)nliier; 
ma>- complicate the  elliergelice of btaniiarJ 
license terms, requirin: costly caae-hy-caie 
negotiat~ons. Fourth, l i cens in~  transaction 
costs are likelv to arise earll- 111 the  course k i t  

sion to use niuuerci~ts copyrlgliteci work? 
held by ilifferc~it an.ners. Similarly, in the 
automobile. aircraft manutacturinir. and 
svnthetic rubber inill~striea, patent pools 
have einergeci, sonletiines \\.it11 tlie help of 

pr~>curini,. upstream research f ~ ~ n ~ l i ~ i g  may be 
better s r i -e~l1 .v  offering escluaive licenses to 

R&D nl ien the  outcome of a project is 
uncertain, the  potential gains are .pec[ula- 
tii-e, anil it is liot yet clear that the i-alue of 
cio\vmtream proiiucts justities the  tro~thle of 

s p o ~ ~ s ~ r s  or reiearch partners. Differences 
amoiit! tiatelit o n n e r  in their tolerance for 

govel.nment, when licenses under multiple 
patent right. have heel1 neces5ary to dei-el- 
op importai~t neli- pmLiucts ( 2 8 ) .  W h e n  the 
backornund legal rules threaten to \I-aste 

., 

trallsaction cobts may further complicate the 
ellieyelice of infc)rmal licensing norms. Uni- 
i-ersitie may be ill eq~tippeii to haniile mul- resources, people otteil rearrailye riehta sen- 

sil-l>- and cre<lte order tliro~tph prii-ate ar- 
rangementa ( 1  2-14). Perhapa sc>me of tlie 
k-?rolilems caue i i  bv 'rolikrating upstream 
patent rizhts in biomedical researcli a-ill 

01-ercomi~ig the anticoi~imons 
E\.en ivhen u ~ ~ s t r e a m  on-tiers aee poten- 

tial gains from cooneration and are moti- 
tiple transactions for acquiring licenses tc> 
use research tools. Delays in nepotiating 

i~a ted  to Llevise iilechaliiail~a for reducing 
tran\action coats, thei- may be deterred b>- 
other leyal con?traints, ?uch a antitrust 
1an.s. Patelit pools have been a target o t  
antitrust acrutiiiy in thv past (3?), which 
ma>- explain 1 ~ 1 1 ~  fen., it any, such poc~ls 
exist today. Although antitrust law mar- he 

multiple agreelnelits to use patenteii process- 
es, reapelits, and Sene fragments coulci atifle 
tlie creative ~ive-anci-take of academic re- recede as lice~iaora and licensees pain expe- 

rience \\-it11 intellectual property rights aiiii 
institutions evol1.e to help o i \ ~ n e r  and u.era 

iearch. Yet acaciemic reserircliers 11 ho  fail to 
adopt lieu ~liscoveries anil iiisteaci rely a n  

reacli agreeme~ita. T h e  aliiirt-term costs 
troll1 cielaved J e v e l o ~ m e n t  of ne\a- treat- 

ol~solete puhlic clomain technoloyies may 
ti~iii themselves losing grant coi~lpetitions. 
Larpe corporations ~v i th  substantial legal ~ l e -  illelits for disease may be worth incurriiig if 

frayi~ie~ltecl privati:ation allolvs (upstream 
researcli ti1 pa\ ita on-n \x-av anil l i e l ~ s  to 

leas hostile to patent pools today than it \vas 
in 1975 n-hen a coibent iiecree dislnantled 
the  aircraft patent pix11 (31 ), the  antitrust 
cli l l~atc changes t~-clm one aiiminiitratii~n to 
the nes t  (32) .  Even a remote proipect 
~ ' I C L L I ~  treble damages anLi an  injunction 
mav give firmi pause about entering iiito 

partmenti may have considerably greater re- 
sources for ilegotiatinp licenses o n  a caae-by- 

L ,  

ensure ita long-run viability. Patent barriers 
to prixiuct cievelopment may 1.e a transi- 
tional pheliolllellol~ rather than a11 endur- 
ing tragedy. 

On the otlier hanil. there mar- he reaiolis 

case has1 t h a ~ i  puhlic sector ~ns t~ tu t ions  or 
sm,xll start-up firm?. Thi; asymmetry ma>- 
make it iiifficult to ieientify mutually ailvan- 
tageous cross-l~censinp arrangements. Patent 
o\vner> are alic likely to ;iltfer 111 the time iuch agreements. 

Heterogeneous interests of rights hold- 
ers. Intellectual property rights in  upitream 
biome~lical research belolie to a laro,e, di- 
i-erie group of oii-neri h the  public anLl 
prii-ate sectors 1vit11 divergent inititutional 
agendas. Sometimei heterogeneity of inter- 
ests call tacilltate mutuallv aoreeable 2110- 

ti1 fear that a patent anticommons coulcl 
tirove more illtractable in bii~medical re- 

frame\ they call tolerate for recoupmg cur- 
relit investments in tralisaction costi. 

O ~ v i i e r  are also likely to differ in  their 
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700 SCIENCE \OL 1 P G  1 L1.4'1' 139" \v\\-\x-.scie~iceill 
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