97N.C.L.REv. 1497 (2019)

THE PICK-AND-SHOVEL PLAY: BIOETHICS
FOR GENE-EDITING VECTOR PATENTS’

JACOB S. SHERKOW™ & CHRISTOPHER THOMAS SCOTT™

Concerns over patent protection covering new forms of gene
editing have largely focused on the intellectual property covering
the editing mechanism itself, most notably CRISPR (clustered
regularly interspaced short palindromic repeats), but also ZFNs
(zinc finger nucleases) and TALENs (transcription activator-like
effector nucleases). Some of the most important technical
advances in these areas, however, relate not to these technologies
themselves but to vectors—the means for introducing the gene-
editing machinery into human cells. In this Article, we discuss the
implications of one intellectual property strategy used by some
commercial developers of gene-editing vectors: a divided strategy
of keeping some of the most significant information about vectors
secret while patenting, cryptically, other aspects. We liken this to
the business strategy of a “pick-and-shovel play”: using secrecy as
informational arbitrage to sell gene editing’s necessary equipment.
Such a strategy raises specific ethical and safety issues pertaining
to many gene therapy interventions—namely, the uncertainty of
risk, a reliance on insufficient preclinical evidence, the detriment
of patient-physician decisionmaking, and increases in monetary
costs. At the same time, these bioethical issues seem to illuminate
the importance of patents’ disclosure function to, perhaps
surprisingly, consumers, users, and standards developers.

* © 2019 Jacob S. Sherkow & Christopher Thomas Scott.

** Professor of Law, Innovation Center for Law and Technology, New York Law
School; Adjunct Assistant Professor, Columbia University Mailman School of Public
Health; Permanent Visiting Professor, Center for Advanced Studies in Biomedical
Innovation Law, University of Copenhagen.

*#% Dalton Tomlin Professor of Medical Ethics and Health Policy, Associate Director

of Health Policy, Center for Medical Ethics and Health Policy, Baylor College of Medicine.
Thanks to Jorge L. Contreras, Shubha Ghosh, Dmitry Karshtedt, Lisa Larrimore
Ouellette, and W. Nicholson Price II, and to participants of the University of Crete
Department of Economics TECHNIS Seminar, the University of Utah Law and Bioscience
Colloquium, and the Stanford Center for Law and the Bioscience’s Biolawlapalooza for
their superb comments. The authors would also like to thank Brian Champion and Zan Eric
Newkirk for their excellent shovel work, Henry Zaytoun and the editorial staff, and the
organizers and faculty overseeing this issue of the North Carolina Law Review’s annual
symposium. JSS was also supported by the New York Law School Summer Research Fund.



97N.C.L.REv. 1497 (2019)

1498 NORTH CAROLINA LAW REVIEW [Vol. 97
INTRODUCTION ....uttiiiiiiieeeiiiieeeireeeesrreeesssreessssseessssseessssssesessnnees 1498
I. GENE EDITING, VECTORS, AND IP......cccccviieiierienee. 1508
A. Gene-Editing Technologies.................ccccoeveeeucacnncn. 1508
B. Invention, Disclosure, and the Gene-Editing Patent
ESTATO. ..o 1510
C. The Importance Of VeCtOrsS.........c.couvceeecencerievcucnnennens 1513
D. Gene-Editing Vectors and Safety.............cccccuuen.... 1515
II. THE GENE-EDITING VECTOR PICK-AND-SHOVEL
PLAY it 1522
A. Secrecy in Pick-and-Shovel Plays ..................cccc..... 1522
B. The Pick-and-Shovel Play, Gene-Editing Vectors, and
PAIERLS ...t 1524
III. BIOETHICS OF VECTOR PICK-AND-SHOVEL PLAYS..... 1530
A. Uncert@in RiSK.........ccocevveninieviniininciencnenceecnennens 1531
B. Insufficient Preclinical Evidence............................... 1534
C. Opacity to Informed CONSENt ...........ccccevereveuenuenne. 1538
D. Increased COSIS.......ccoueeeueveninveesenineeeenineeeeneeneeae 1540
IV. PICKS, SHOVELS, AND PATENT DISCLOSURE................ 1543
A. Expanded Audiences for Patent Disclosure............. 1544
B. Informing the Costs of Inventing Around................ 1547
C. Channeling Therapies and Platform
StandardizatioN.............coccocevivveeveininieeeinineeeenenaes 1549
(60, [(@) B8] (0 PSS 1551
INTRODUCTION

Huck Finn, did you ever hear of a prisoner having picks and
shovels, and all the modern conveniences in his wardrobe to dig
himself out with? Now I want to ask you—if you got any
reasonableness in you at all—what kind of a show would that give
him to be a hero? Why, they might as well lend him the key, and
done with it. Picks and shovels—why, they wouldn’t furnish ‘em
to a king.

—Mark Twain, Adventures of Huckleberry Finn'

Much has been made about recent developments in genome-

editing technologies such as CRISPR that, depending upon one’s

1. MARK TWAIN, ADVENTURES OF HUCKLEBERRY FINN (TOM SAWYER’S

COMRADE) 306 (Collectors Reprints Inc. 1991) (1885).
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perspective, promise both the salvation and destruction of humankind.?
But perhaps an equal amount of commentary on the technologies has
been reserved for the patent estates covering them. Bioethicists, legal
scholars, and the popular press have dissected, analyzed, and critiqued
the genome-editing patent landscape in minute detail across a wide
variety of publications that rival the number of papers describing uses
of the technologies themselves.” A substantial reason for this interest
lies in the amount of money involved in patent licensing and litigation
in this area: patent licenses for gene-editing technologies routinely
command tens of millions of dollars that, in total, are likely worth many
billions.* The four principal companies, all publicly traded, that are
today closest to delivering a genome-editing product are collectively

2. Compare, e.g., Giedrius Gasiunas & Virginijus Siksnys, RNA-Dependent DNA
Endonuclease Cas9 of the CRISPR System: Holy Grail of Genome Editing?, 21 TRENDS
MICROBIOLOGY 562, 562 (2013) (“Targeted genome editing technology that enables the
generation of site-specific changes in the genomic DNA of cellular organisms is a Holy Grail
for genome engineers.”), with Sheila Jasanoff, J. Benjamin Hurlbut & Krishanu Saha,
CRISPR Democracy: Gene Editing and the Need for Inclusive Deliberation, 32 ISSUES SCL
& TECH., Fall 2015, http://issues.org/32-1/crispr-democracy-gene-editing-and-the-need-for-
inclusive-deliberation/ [https:/perma.cc/ WKN4-KRWM] (“CRISPR raises basic questions
about the rightful place of science in governing the future in democratic societies.”).
CRISPR is an acronym for “clustered regularly interspaced short palindromic repeats.”
Francisco J.M. Mojica et al., Intervening Sequences of Regularly Spaced Prokaryotic Repeats
Derive from Foreign Genetic Elements, 60 J. MOLECULAR EVOLUTION 174, 174 (2005).

3. See, e.g., Knut J. Egelie et al., The Emerging Patent Landscape of CRISPR-Cas
Gene Editing Technology, 34 NATURE BIOTECHNOLOGY 1025, 1025 (2016) (discussing
some ethical issues with the CRISPR patent landscape); Jacob S. Sherkow, The CRISPR
Patent Landscape: Past, Present, and Future, 1 CRISPR J. 1, 3-4 (2018) [hereinafter
Sherkow, CRISPR Patent Landscape] (opining on the future of the CRISPR patent
landscape); see also Sharon Begley, As CRISPR Patent Fight Nears the Endgame, Where Are
Settlement Talks?, STAT (May 2,2018), https://www.statnews.com/2018/05/02/crispr-patent-
fight-settlement-talks/ [https:/perma.cc/3VB3-HDQK (dark archive)] (reporting on the
global CRISPR patent landscape).

4. See Caroline Chen & Doni Bloomfield, Gene-Editing Tool on Every Drugmaker’s
2016 Wish List, BLOOMBERG (Dec. 24, 2015), http://www.bloomberg.com/news/articles/
2015-12-24/the-gene-editing-tool-on-every-drugmaker-s-wish-list-this-year [https:/perma.cc/
USEP-5CDS (dark archive)] (reporting on value of license payments); Jacob S. Sherkow,
How Much Is a CRISPR Patent License Worth?, FORBES (Feb. 21, 2017, 5:00 AM),
https://www.forbes.com/sites/jacobsherkow/2017/02/21/how-much-is-a-crispr-patent-license-
worth/#786147e6b777 [https://perma.cc/38QL-EWY4] (estimating the value of a CRISPR
patent license).
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worth roughly $5.5 billion.> With no sense of understatement, genome-
editing intellectual property has been described as a new “gold rush.”®

But as the adage goes, the best business to be in during a gold rush
isn’t mining but selling picks and shovels.” The same may ultimately be
true for gene-editing intellectual property: the best bet may be
licensing patents that make gene editing possible.® In particular, gene-
editing technologies rely on critically important pieces of necessary
equipment—vectors—that catalyze the introduction of the editing

5. As of the end of trading on May 8, 2019, Sangamo Therapeutics, Inc. had a market
cap of $1.31 billion, Stock Quote: Sangamo Therapeutics, Inc., BLOOMBERG,
https://www.bloomberg.com/quote/SGMO:US [https://perma.cc/LICF-MICN (dark archive)]
(last updated May 8, 2019), Editas Medicine, Inc., $1.24 billion, Stock Quote: Editas
Medicine, Inc., BLOOMBERG, https://www.bloomberg.com/quote/EDIT:US [https://perma.cc/
3YBY-3GPH (dark archive)] (last updated May 8, 2019), CRISPR Therapeutics AG, $2.11
billion, Stock Quote: CRISPR Therapeutics AG, BLOOMBERG, https://www.bloomberg.com/
quote/CRSP:US [https://perma.cc/WC46-Y92A (dark archive)] (last updated May 8, 2019),
and Intellia Therapeutics Inc., $751 million, Stock Quote: Intellia Therapeutics, Inc.,
BLOOMBERG, https://www.bloomberg.com/quote/NTLA:US [https://perma.cc/UR7E-M2XN
(dark archive)] (last updated May 8, 2019).

6. Deborah Netburn, UC Berkeley Suffers Big Loss in CRISPR Patent Fight: What's
Next for the Powerful Gene-Editing Technology?, L.A. TIMES (Feb. 15, 2017, 8:00 PM),
http://www.latimes.com/science/sciencenow/la-sci-sn-crispr-patent-decision-20170215-story.html
[https://perma.cc/3STNH-4SGY (staff-uploaded archive)] (“CRISPR is a gold mine, and
that’s why you are seeing a gold rush.”).

7. G.Thomas Goodnight & Sandy Green, Rhetoric, Risk, and Markets: The Dot-Com
Bubble, 96 Q.J. SPEECH 115, 125 (2010) (“The [new] gold rush is following the classic
pattern. It is not the diggers themselves who make the first money, but the manufacturers
of picks and shovels.”); Elicia Maine, Sarah Lubik & Elizabeth Garnsey, Process-Based vs.
Product-Based Innovation: Value Creation by Nanotech Ventures, 32 TECHNOVATION 179,
184 (2012) (describing fuel cell test equipment as a “‘pick and shovel’ niche strategy”);
Christine Williamson, Cryptocurrency Concerns Keeping Investors at Bay, 45 PENSIONS &
INV. 4,6 (2017) (“As the old adage goes: In a gold rush, money is made by selling picks and
shovels.”); Julia Fortier, There’s More than One Way to Make It in Biotech, BOS. GLOBE,
Sept. 3, 1985, at B39 (“But hitting the pay dirt is still years in the future for most biotech
companies. In the meantime, just as in the 1849 California Gold Rush, it’s the ‘picks and
shovels’ people who are quietly raking in sales.”).

8. See Claudia Carbone et al., Lipid-Based Nanocarriers for Drug Delivery and
Targeting: A Patent Survey of Methods of Production and Characterization, 2
PHARMACEUTICAL PAT. ANALYST 665, 667-75 (2013) (analyzing patents covering lipid-
based nanocarriers); Virginia Picango-Castro, Elisa Maria de Sousa Russo-Carbolante &
Dimas Tadeu Covas, Advances in Lentiviral Vectors: A Patent Review, 6 RECENT PATENTS
ONDNA & GENE SEQUENCES 82, 82-90 (2012) (surveying the patent landscape of lentiviral
vectors); Christopher Thomas Scott, The Zinc Finger Nuclease Monopoly, 23 NATURE
BIOTECHNOLOGY 915, 917 (2005) [hereinafter Scott, ZFN Monopoly] (“How did Sangamo
reach its catbird’s seat? Credit CEO Edward Lanphier. In 1995, Lanphier was head of
business development and chief financial officer of Alameda, California’s Somatix Therapy,
a vector-based gene therapy company. . . . Somatix’s proprietary core was a gene vector
delivery system.”).
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equipment into cells that do not normally have them.” And like most
pick-and-shovel businesses, the companies responsible for gene-
editing vectors operate by strategically using secrecy to their
advantage'°—if everyone knew how to procure a gold rush’s necessary
equipment, they would do it themselves. This Article explores a few of
the ethical problems with this approach and what it says more generally
about patent policy.

While the phrase “pick-and-shovel play” sounds suggestive of
unethical profiteering, the term is used today in a much more anodyne
fashion simply to describe businesses that sell necessary equipment or
services to other, often flashier, businesses.!" Internet network

9. James E. DiCarlo, Anurag Deeconda & Stephen H. Tsang, Viral Vectors,
Engineered Cells and the CRISPR Revolution,in ADVANCES IN EXPERIMENTAL MEDICINE
AND BIOLOGY 3 (Stephen H. Tsang ed., 2017); Christopher E. Nelson & Charles A.
Gersbach, Engineering Delivery Vehicles for Genome Editing, 7 ANN. REV. CHEMICAL &
BIOMOLECULAR ENGINEERING 637, 640-49 (2016); Christopher Thomas Scott & Laura
DeFrancesco, Gene Therapy’s Out-of-Body Experience, 34 NATURE BIOTECHNOLOGY
600, 601-04 (2016); Gayong Shim et al., Therapeutic Gene Editing: Delivery and Regulatory
Perspectives, 38 ACTA PHARMACOLOGICA SINICA 738, 739-40 (2017); Hao Yin, Kevin J.
Kauffman & Daniel G. Anderson, Delivery Technologies for Genome Editing, 16 NATURE
REV. DRUG DISCOVERY 387, 388-90 (2017).

10. See, e.g., Sergey Anokhin & Joakim Wincent, Technological Arbitrage
Opportunities and Interindustry Differences in Entry Rates, 29 J. BUS. VENTURING 437, 440
n.6 (2014) (“[E]ffective information exchange may even be purposefully sabotaged by
innovator firms.”); Andrei Shleifer & Robert W. Vishny, The Limits of Arbitrage, 52 J. FIN.
35,40 (1997) (“[A]rbitrageurs do not share all their knowledge with investors, and cultivate
secrecy to protect their knowledge from imitation.”); Wesley Gray, Information Exchange
and the Limits of Arbitrage 4 (Munich Pers. RePEc Archive, Paper No. 11918, 2008),
https://mpra.ub.uni-muenchen.de/11918/1/MPRA _paper_11918.pdf [https:/perma.cc/M9UT-
UFKE]| (“Why are arbitragers telling other arbitragers about their investment
opportunities? According to efficient market logic, the rational arbitrager should act alone,
drive the price to the fundamental level, and reap all the rewards of the arbitrage he has
found.” (citation omitted)). See generally Matteo Acquilina et al., Asymmetries in Dark Pool
Reference Prices 10 (Fin. Conduct Auth., Occasional Paper No. 21, Sept. 2016),
https://www.fca.org.uk/publication/op16-21.pdf [https://perma.cc/SLMX-RM7N] (concluding
that “dark pools” of traded equities take advantage of price information “[1]atency [to] give
rise to arbitrage opportunities”); Huy N. Chau, Andrea Cosso & Claudio Fontana, The
Value of Informational Arbitrage (arXiv, Paper No. 1804.00442v1), https://arxiv.org/
pdf/1804.00442v1 [https://perma.cc/AMKX-G737] (modeling the value of information
asymmetries in arbitrage opportunities).

11. Jason Stutman, Who’s Making the Picks and Shovels of Tech?, WEALTH DAILY
(Jan. 20, 2017, 7:00 PM), https://www.wealthdaily.com/articles/whos-making-the-picks-and-
shovels-of-tech/8495 [https://perma.cc/95SSR-WY93] (“A pick-and-shovel play is, at its core,
a company that sells products needed for a larger, overarching industry to operate.”); Pick-
And-Shovel Play, INVESTOPEDIA, https://www.investopedia.com/terms/p/pick-and-shovel-
play.asp [https:/perma.cc/Q37F-WUWH] (“A pick-and-shovel play is an investment
strategy that invests in the underlying technology needed to produce a good or service
instead of in the final output. It is a way to invest in an industry without having to endure
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equipment, product testing services, oil and gas storage, railcar
equipment, and chemical manufacturers are all modern examples of
pick-and-shovel plays.'? The origins of the phrase, however, are
perhaps more instructive as to both why and how pick-and-shovel plays
are often profitable ventures. In 1848, Samuel Brannan, a store owner
at Sutter’s Fort, California, bought tin pans for 20¢ and sold them to
prospectors for $15 each, all while publicizing the discovery of gold on
the American River outside Sacramento.” He quickly became a
millionaire." But the core of his success was not so much his skills as a
salesman but his knowledge—hidden from his customers—about
where to obtain the equipment they otherwise needed.” If everyone
knew where to buy tin pans for 20¢, no one would have bought them
from Sam Brannan for §15. The lesson of Brannan’s sale of tin pans is
this: at the core of most good pick-and-shovel plays lies a devil’s
bargain of secrecy and publicity.'®

If gene-editing technologies are gold, then the vectors used to
implement the technologies are picks and shovels. Most gene-editing
technologies rely on enzymes—typically DNA-cutting enzymes called
nucleases—that are not naturally expressed in human cells.!” Physically
getting those enzymes into human cells is a recurrent challenge in
genetic engineering, and the vehicles used to do so are the enzymes’
vectors.'® Recent advances in vector technology have eased this process
and appear to be especially promising in the implementation of gene-

the risks of the market for the final product. It is named after the tools needed to take part
in the California Gold Rush.”).

12. E.g., Goodnight & Green, supra note 7, at 125; Maine et al., supra note 7, at 184;
AnnaLisa Kraft, A Golden Portfolio with 5 Pick-and-Shovel Stocks, MOTLEY FOOL (Oct.
18, 2013, 6:00 PM), https://www.fool.com/investing/general/2013/10/18/five-picks-and-
shovel-stocks-that-get-er-done.aspx [https://perma.cc/ KU2F-RQQH].

13. FRANK K. MARTIN, A DECADE OF DELUSIONS: FROM SPECULATIVE
CONTAGION TO THE GREAT RECESSION 21 n.9 (2011) (“A metal pan that sold for 20 cents
a few days earlier was now available from Brannan for 15 dollars.”); Douglas S. Watson,
Herald of the Gold Rush: Sam Brannan, 10 CAL. HIST. SOC’Y Q. 298, 301 (1931) (“Rushing
into San Francisco’s Plaza, he doffed his broad-brimmed black hat, and holding aloft a bottle
of glittering particles in his left hand, he bellowed in his great bull voice: ‘GOLD! GOLD!
GOLD! From the American River!” The Gold Rush was born that instant.”).

14. Newell G. Bringhurst, Samuel Brannan and His Forgotten Final Years, 79 S. CAL.
Q. 139, 139 (1997).

15. See id. at 145 (“Before Brannan allowed word of the discovery to leak out, the
enterprising businessman scoured northern California purchasing and stocking his store
with any and all merchandise of any conceivable use to the gold seekers.”).

16. See supra note 10 and accompanying text.

17. See supra text accompanying note 9.

18. See supra text accompanying note 9.
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editing technologies like CRISPR.” Given the interest—and likely
profitability—of  gene-editing  therapies, underlying vector
technologies are especially valuable.”® As such, vector technology
companies have deployed a strategy reminiscent of Brannan: they have
publicized and patented the basic contours of some aspects of their
technology while keeping others entirely secret. For example, uniQure
touts a “Best-in-Class” vector delivery system,?! protected by a host of
patents that cover its technology.”® But—by uniQure’s own
admission—“significant aspects of the process by which we
manufacture our gene therapies are based on unpatented trade secrets
and know-how.”” MaxCyte, another vector company, similarly
provides a “patented, high-performance cell-engineering platform.”*
But its patent applications do not disclose critical aspects of the
platform, such as important manufacturing details.” And Spark
Therapeutics—a gene-therapy company proud of its “cutting-edge
vector design,” with several pending patent applications to boot—
quietly makes use of an important safety-enhancing trade-secret
technology owned by another company, Selecta Biosciences.*

19. See supra text accompanying note 9; see also infra Section L. A.

20. See Scott, ZFN Monopoly, supra note 8, at 917 (discussing the profitability of
Somatix); Scott & DeFrancesco, supra note 9, at 603 (noting bluebird bio’s then market cap
of $1.35 billion). In addition, Spark Therapeutics, a viral vector platform company, has a
market cap of almost $4.16 billion. Stock Quote: Spark Therapeutics, Inc., BLOOMBERG,
https://www.bloomberg.com/quote/ONCE:US [https://perma.cc/7BYY-2S3S (dark archive)]
(last updated May 8, 2019).

21. uniQure’s Technology: Excellence in Gene Therapy Through Innovative Modular
Technology, Proprietary Manufacturing and the Experience to Achieve Success, UNIQURE,
http://www.uniqure.com/gene-therapy/uniqure-technology.php [https://perma.cc/6FSN-9B6E]
[hereinafter uniQure’s Technology].

22. Gene Therapy: Intellectual Property, UNIQURE, http://www.uniqure.com/gene-
therapy/gene-therapy-intellectual-property.php [https:/perma.cc/69UM-4GJ6].

23. UNIQURE N.V., ANNUAL REPORT 2017, at 16 (2018), http://www.uniqure.com/
uniQure %20Annual %20Accounts %202017.pdf [https://perma.cc/ATD3-5TZK].

24. About Us: Driving a New Generation of Cell-based Medicines, MAXCYTE,
https://www.maxcyte.com/about-us/ [https://perma.cc/7SQF-9WE3] [hereinafter About Us].

25. See, e.g., U.S. Patent No. 9,132,153 (filed May 24, 2013) (claiming methods of
modifying certain cells with mRNA, without disclosing specific mnRNA sequences); U.S.
Patent No. 8,450,112 (filed Apr. 9, 2009) (same).

26. Selecta Biosciences, Inc., Annual Report 4 (Form 10-K) (Mar. 27, 2017),
http://ir.selectabio.com/static-files/35d1c085-9947-4d8d-aa61-dd3c05d0b280 [https://perma.cc/
3C4F-P7NS]; Spark Therapeutics, Inc., Annual Report 19 (Form 10-K) (Feb. 27, 2018),
http://ir.sparktx.com/static-files/28cb5c84-8bf4-4aea-b028-60a3d5278b8b [https://perma.cc/
SDFR-HTT3].
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This divided strategy of patenting, commercialization, and secrecy
is not atypical in the biotechnology space.” But it poses some specific
ethical problems for gene editing as a therapeutic. First, it makes the
risk of gene-editing therapies wholly uncertain and difficult to assess.”®
Given gene editing’s recent successes, and the horrifying nature of
many genetic diseases, patients and subjects may be pressured into
experimental therapies with imperfect information about a vector’s
overall safety profile.” Historically, it is difficulties with gene therapies’
vectors—not the therapies’ genetic modifications themselves—that
have resulted in trial subjects’ deaths and adverse events.** Second,
where patent information does exist, it may not be trustworthy—for a
number of reasons, the information disclosed in patents tends to be
unreliable and based on entirely insufficient preclinical evidence.™
Third, the lack of sufficient information about the mechanisms and

27. Karl F. Jorda, Patent and Trade Secret Complementariness: An Unsuspected
Synergy, 48 WASHBURN L.J. 1, 29 (2008) (describing the case of Premarin (conjugated
estrogens)); W. Nicholson Price II, Expired Patents, Trade Secrets, and Stymied Competition,
92 NOTRE DAME L. REV. 1611, 1624-26 (2017) (describing this dynamic for biologics);
Brenda M. Simon & Ted Sichelman, Data-Generating Patents, 111 Nw. U. L. REV. 377, 406
(2017) (discussing the “use of patents and trade secrets as complements . . . in fields in which
some disclosure of post-patenting data is required for regulatory purposes, such as medical
devices or pharmaceuticals”).

28. See Clare E. Thomas, Anja Ehrhardt & Mark A. Kay, Progress and Problems with
the Use of Viral Vectors for Gene Therapy, 4 NATURE REV. GENETICS 346, 346 (2003)
(reviewing “the advances in the development of viral vectors, as well as discussing the
substantial challenges that remain before gene therapy can truly fulfil all of its promises™);
Aaron D. Levine, Revolutionary New Cancer Therapies Come with Big Risks. Drug Makers
Must Be Prepared, STAT (Nov. 8,2017), https://www.statnews.com/2017/11/08/car-t-cancer-
death-pharma-companies/ [https://perma.cc/G3QM-ZWDE)] (discussing some of the risks
of immunotherapy vectors).

29. See NAT’L ACADS. OF SCIS., ENG’G, & MED., HUMAN GENOME EDITING:
SCIENCE, ETHICS, AND GOVERNANCE 7 (2017) [hereinafter NASEM, HUMAN GENOME
EDITING] (noting gene editing’s potential to create “social pressure[s] for people to use
technologies they would not otherwise choose”); id. at 49-51 (listing some of the
uncertainties surrounding new viral vectors); Levine, supra note 28 (noting “the clamor of
individual patients and patient organizations to rapidly expand the use of CAR-T therapy
... and accompanying pressures” despite clinical trial subjects’ deaths).

30. See NASEM, HUMAN GENOME EDITING, supra note 29, at 88-89 (describing
safety issues with gene-editing vectors); Thomas et al., supra note 28, at 347 (discussing
adverse events of gene-editing vectors); Levine, supra note 28 (discussing the potential for
CAR-T clinical trial deaths).

31. See Jacob S. Sherkow, Patent Law’s Reproducibility Paradox, 66 DUKE L.J. 845,
883-85 (2017) [hereinafter Sherkow, Patent Law’s Reproducibility Paradox] (“[D]rug
developers often rely on early preclinical studies to bolster their patents. By design, these
studies often have small sample sizes; employ little statistical power; and, of course, suffer
from conflicts of interest between industrial researchers and their employers—all hallmarks
of irreproducibility.”).
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reliability of gene-editing vectors—through published research that
would fully test them—hampers physicians’ ability to properly inform
their patients of the benefits and burdens of a given course of
treatment.”*> And fourth, having an additional layer of patent
protection for gene-editing technologies is likely to contribute to
relatively higher monetary costs of treatment where such therapies are
available.” This is especially problematic where new DNA- and RNA-
based therapies already routinely command close to a half-million
dollars for a course of treatment, prices that threaten to break health-
care payer systems.*

At the same time, these problems with patents’ role in the pick-
and-shovel play shine some light on patent law’s disclosure function.®

32. See NASEM, HUMAN GENOME EDITING, supra note 29, at 26 (“[O]utside of a
study, ‘off-label’ use in clinical care is entirely legal, and has become a common practice
among physicians with respect to drugs, and might be available for a gene transfer product
using genome editing once it is approved. Physicians use their own expertise and sources of
information, as well as the advice of professional societies.”); George A. Beller, President’s
Page: Convocation Address, 35 J. AM. C. CARDIOLOGY 1694, 1695 (2000) (“A second
ethical challenge arises with the need to disclose to patients all the risks from potentially
dangerous new treatments such as gene therapy using viral vectors. We must let patients
know all the risks, and we must explain those risks in language that is easily understood.”);
Edmund D. Pellegrino, Patient and Physician Autonomy: Conflicting Rights and Obligations
in the Physician-Patient Relationship, 10 J. CONTEMP. HEALTH L. & POL’Y 47, 52 (1994)
(arguing that “physician’s autonomy as a physician is also grounded in the possession of
expert knowledge needed by sick people and society”); Scott, ZFN Monopoly, supra note
8, at 918 (reporting that some “physician-scientists” support an “open resource” of gene-
editing information); see also Dianne Nicol et al., Key Challenges in Bringing CRISPR-
Mediated Somatic Cell Therapy into the Clinic, 9 GENOME MED. 85, 87 (2017) (“Issues
surrounding patent ownership and validity feed into clinical delivery.”).

33. See Lori Knowles, Westerly Luth & Tania Bubela, Paving the Road to Personalized
Medicine: Recommendations on Regulatory, Intellectual Property and Reimbursement
Challenges, 4 J.L. & BIOSCIENCES 453, 492-94 (2017) (describing the literature on the
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Ideally, patents’ disclosure function goes beyond merely a tit-for-tat
trade of technical information—it allows markets and physicians to
critically assess whether, how, and to what extent to adopt a new
technology, and how much to pay for it.* Contrary to pick-and-shovel
strategies, generally, robust disclosure in patents also allows users to
assess the costs of inventing around a particular technology rather than
licensing from the patent owner—that is, to decide whether to find tin
pans on one’s own or buy them from Sam Brannan.”” And lastly, it

freely available to the public as soon as the patent issues; the patent holder may not
thereafter monitor or control access to it.”); Jeanne C. Fromer, Patent Disclosure, 94 ITOWA
L. REV. 539, 548 (2009) (“[Patent disclosure] permits society at large to apply the
information by freely making or using the patented invention after the expiration of the
patent.”); Timothy R. Holbrook, Possession in Patent Law,59 SMU L. REV. 123, 131 (2006)
(“[T]he public benefits from the disclosure of the invention because the public storehouse
of knowledge is thus enhanced, allowing others to rely upon the teachings of the patent to
generate even further, follow-on innovation.”); Sean B. Seymore, The Teaching Function of
Patents, 85 NOTRE DAME L. REV. 621, 624 (2010) (“[T]he technical information disclosed
in the patent document has potential immediate value to the public, which can use the
information for any purpose that does not infringe upon the claims.”).

36. See J. Jonas Anderson, Nontechnical Disclosure, 69 VAND. L. REV. 1573, 1575
(2016) (“[A] patent can inform innovators, investors, and consumers about the value of an
inventive idea.”); Alan Devlin, The Misunderstood Function of Disclosure in Patent Law, 23
HARV.J.L. & TECH. 401, 425 (2010) (“Disclosure may provide a better justification [of the
patent system]. . .. [T]hese inventions are presumably of some worth to third parties as well,
be they competitors, scientists, or consumers.”); Fromer, supra note 35, at 548-49
(“[DJisclosure can stimulate others to design around the invention or conceive of new
inventions—either by improving upon the invention or by being inspired by it—even during
the patent term.”); Shubha Ghosh, Decentering the Consuming Self: Personalized Medicine,
Science, and the Market for Lemons,5 WAKE FOREST J.L. & POL’Y 299, 337-38 (2015) (“As
information flourishes in personalized medicine, disclosures for consumers can become
more meaningful and provide guidance in how to respond to identified disease proclivities
and risk. This more liberal patent regime, combined with disclosure solutions, may provide
the best set of regulations to allow the market for personalized medicine to mature and the
field to progress for the benefits of patients.”).

37. See Kevin Emerson Collins, The Structural Implications of Inventors’ Disclosure
Obligations, 69 VAND. L. REV. 1785, 1786 (2016) (“From the moment patent disclosures are
published, the public has a privilege to freely engage in activities such as disseminating the
disclosed knowledge and employing the disclosed knowledge as an input into the creative
cognition that conceives yet further innovation, including both improvements and design-
arounds.”); Fromer, supra note 35, at 541 (“[P]atent disclosure indirectly stimulates future
innovation by revealing the invention’s design so that others can use it fruitfully when the
patent term expires and design around, improve upon, or be inspired by the invention, even
during the patent term.”); Jorda, supra note 27, at 26 (“Patent applications and patents, after
they are published and the invention is disclosed, often spur competitors to invent around
and develop improved products. These products may be separately patented, may not be
dominated, and may become commercially more important than the earlier, more basic
invention.”); Dmitry Karshtedt, The Completeness Requirement in Patent Law, 56 B.C. L.
REV. 949, 996 (2015) (noting that a “completeness” requirement in patent disclosures
“would encourage productive design-arounds”); Sean B. Seymore, Uninformative Patents,
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shows that poor disclosure may lead to suboptimal and early platform
standardization—users being locked into a particular iteration of a
required technology because it is one of few widely available.® With
respect to gene-editing vectors, this means letting information about
vectors, rather than knowledge of diseases and the biology of vector-
payload systems, control which therapies are ultimately developed.®
This Article proceeds in four parts. Part I gives a brief overview of
gene editing, vectors, and intellectual property, including a discussion
of the importance of vectors for gene-editing technologies and
historical concerns about their safety. Part II then describes the gene-
editing vector pick-and-shovel play at the core of this Article. On this
foundation, Part III explores several ethical issues arising from this
pick-and-shovel play—namely its unwarranted risk to patients and
clinical subjects, its reliance on unreliable preclinical evidence, its
effects on physician-patient decisionmaking, and its increased cost of

55 HOUS. L. REV. 377,395-96 (2017) (“Theory posits that disclosure inspires others to learn
about the invention, design around it, improve upon it, or conceive of entirely new
inventions—all during the patent term.”); Ted Sichelman & Stuart J.H. Graham, Patenting
by Entrepreneurs: An Empirical Study, 17 MICH. TELECOMM. & TECH. L. REV. 111, 135
(2010) (discussing the connection between patents’ disclosure and entrepreneur’s decisions
to avoid licensing); Gerald Sobel, Patent Scope and Competition: Is the Federal Circuit’s
Approach Correct?, 7 VA. J.L. & TECH. 3, 59 n.181 (2002) (“Disclosure may permit
competitors to ‘invent around’ or invent improvements of the patented invention.”).

38. Cf. Jonathan M. Barnett, The Host’s Dilemma: Strategic Forfeiture in Platform
Markets for Informational Goods, 124 HARV. L. REV. 1861, 1865 (2011) (identifying the
“host’s dilemma” as attempts to “platform” the host’s technology without expropriating
user investment); Jorge L. Contreras, Much Ado About Hold-Up, 2019 U. ILL. L. REV.
(forthcoming 2019) [hereinafter Contreras, Much Ado] (manuscript at 7-8),
https://dc.law.utah.edu/cgi/viewcontent.cgi?article=1106&context=scholarship [https:/perma.cc/
C522-HM3D] (“[T]he manufacturer’s cost of switching from the standardized technology to
an alternative may be prohibitive (a situation often referred to as ‘lock-in’).”); Mark A.
Lemley, Patenting Nanotechnology, 58 STAN. L. REV. 601, 606-13 (2005) (recounting the
history of early patents on “building blocks” of nascent technologies); Joseph Scott Miller,
Standard Setting, Patents, and Access Lock-In: RAND Licensing and the Theory of the Firm,
40 IND. L. REV. 351, 386 (2007) (“[A] central licensing entity [is] an example of the
corporate form as an access lock-in governance mechanism.”); Jesse L. Reynolds, Jorge L.
Contreras & Joshua D. Sarnoff, Solar Climate Engineering and Intellectual Property:
Toward a Research Commons, 18 MINN. J.L. SCI. & TECH. 1, 58-59 (2017) (describing how
patent platforming risks “technological lock-in” for solar climate engineering).

39. See, e.g., Luigi Naldini, Gene Therapy Returns to Centre Stage, 526 NATURE 351,
351 (2015) (noting the importance of vector biology in making gene therapy successful);
Michael F. Naso et al., Adeno-Associated Virus (AAV) as a Vector for Gene Therapy, 31
BIODRUGS 317, 317 (2017) (“There has been a resurgence in gene therapy efforts that is
partly fueled by the identification and understanding of new gene delivery vectors.”);
Thomas et al., supra note 28, at 346 (“The message we have extracted from a history of
anticipation and disappointment is that the future success of gene therapy will be founded
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treatment. Finally, Part IV uses this analysis to illuminate several
aspects of patents’ disclosure function including consumer assessment,
the costs of inventing around, and early platform standardization.

I. GENE EDITING, VECTORS, AND IP

A. Gene-Editing Technologies

Genome editing is “a powerful new tool for making precise
additions, deletions, and alterations to the genome—an organism’s
complete set of genetic material.”* Since 1997, a suite of new gene-
editing approaches has emerged, with the CRISPR/Cas9 system
perhaps the most promising.* This system—guided by flexible and
“programmable” strands of RNA, DNA’s molecular cousin—has
made editing of the genome more precise, efficient, feasible, and less
costly relative to previous protein-based technologies such as zinc
finger nucleases (“ZFNs”) or transcription activator-like effector
nucleases (“TALENSs”).#

With these advances has come an explosion of interest in the
possible applications of genome editing, both in conducting basic
research and the potential to prevent, treat, and cure disease and
disability. Genome editing could provide insights into reproductive
failures and improve contraception and fertility treatments.* In
embryos, CRISPR has been used to study the genetics of early human

40. NASEM, HUMAN GENOME EDITING, supra note 29, at 1; see also NUFFIELD
COUNCIL ON BIOETHICS, GENOME EDITING: AN ETHICAL REVIEW 4 (2016),
http://nuffieldbioethics.org/wp-content/uploads/Genome-editing-an-ethical-review.pdf
[https://perma.cc/HOQF-7NIU] (“What we will refer to as ‘genome editing’ is the practice
of making targeted interventions at the molecular level of DNA or RNA function,
deliberately to alter the structural or functional characteristics of biological entities.”); Jin-
Soo Kim, Genome Editing Comes of Age, 11 NATURE PROTOCOLS 1573, 1573 (2016).

41. See Le Cong et al., Multiplex Genome Engineering Using CRISPR/Cas Systems, 339
SCIENCE 819, 819-22 (2013); Jennifer A. Doudna & Emmanuelle Charpentier, The New
Frontier of Genome Engineering with CRISPR-Cas9, 346 SCIENCE 1077, 1077 (2014);
Patrick D. Hsu, Eric S. Lander & Feng Zhang, Development and Applications of CRISPR-
Cas9 for Genome Engineering, 157 CELL 1262, 1263-64 (2014).

42. Rajat M. Gupta & Kiran Musunuru, Expanding the Genetic Editing Tool Kit: ZFNs,
TALENs, and CRISPR-Cas9, 124 J. CLINICAL INVESTIGATION 4154, 4156-57 (2014); see
also Jeffrey C. Miller et al., A TALE Nuclease Architecture for Efficient Genome Editing,
29 NATURE BIOTECHNOLOGY 143, 143 (2011); Fyodor D. Urnov et al., Genome Editing
with Engineered Zinc Finger Nucleases, 11 NATURE REVIEWS GENETICS 636, 636 (2010).

43. Meizhu Bai et al.,, Spermatogenic Cell-Specific Gene Mutation in Mice via
CRISPR/Cas9, 43 J. GENETICS & GENOMICS 289,