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The convergence of supportive public policy 
after years of federal opposition, significant 
funding opportunities at the state and fed-
eral level, the first ever US clinical trials using 
human embryonic stem cells and advances in 
basic science may indeed have set the stage for 
breakthrough innovation. With this in mind, 
we sought to evaluate the genesis and develop-
ment of innovation in stem cell technologies by 
reviewing and analyzing stem cell patent filings, 
both in the United States and internationally.

Network analysis
Patent applicants are required by law to cite 
the most relevant prior patents and technical 
publications as compared to the applicant’s 

because human embryos are destroyed to 
isolate the cells, research using these cells has 
attracted much opposition. Adult or somatic 
stem cells, on the other hand, are isolated from 
already formed tissues or organs but are more 
limited in their ability to differentiate or form 
distinct tissue types.

In 2007, a new cell type, called human 
induced pluripotent stem (iPS) cells, were 
created by two research teams7,8 by insert-
ing genes encoding transcription factors into 
somatic human skin cells. It is hoped that this 
new technology will bring the benefits of the 
pluripotency of human embryonic stem 
cells without the controversial use of human 
embryos.

The future is bright for US science and tech-
nology that use or rely on stem cell research. 

On March 9, 2009, the Obama administration 
reversed former President George W. Bush’s 
limitation on the use of federal monies to sup-
port research on embryonic stem cell lines 
derived before August 9, 2001 (ref. 1). The Stem 
Cell Research Enhancement Act, introduced 
in 2005 to override the 1996 Dickey–Wicker 
Amendment that forbids the use of federal 
monies to support research that is inconsis-
tent with the generation of new embryonic 
stem cell lines, has been reintroduced in the 
111th Congress and is currently in Committee2. 
More than $30 billion in funding has been 
allocated to the National Institutes of Health 
in the Omnibus Bill and $10.4 billion in fund-
ing has been allocated for biomedical research 
in the Economic Stimulus Package3. Various 
initiatives and referendums pledge state funds 
to support adult and embryonic stem cell 
basic and translational research4,5. California, 
through its state agency the California Institute 
for Regenerative Medicine, has released over 
$761 million to researchers in the public and 
private sectors6. And recently Geron (Menlo 
Park, CA, USA) announced US Food and Drug 
Administration approval of the first US clini-
cal trial of a medical treatment using human 
embryonic stem cells.

Broadly speaking, stem cells are of two types: 
embryonic and adult or somatic. Embryonic 
stems cells are isolated from embryos that 
develop from eggs that have been fertilized in 
vitro and then donated for research purposes. 
These are termed ‘pluripotent’ because under 
select conditions, the cells can differentiate or 
form over 200 distinct tissue types. However, 
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Table 1  The five most dominant patents in the field of hematopoietic stem cells
US patent no. Title Issue date Assignee

5,004,681 Preservation of fetal and neonatal hematopoietic 
stem and progenitor cells of the blood

4/2/1991 Pharmastem Therapeutics 

5,635,387 Methods and device for culturing human 
hematopoietic cells and their precursors

6/3/1997 CellPro (Seattle)

5,199,942 Method for improving autologous transplantation 4/6/1993 Immunex (Seattle)

5,226,914 Method for treating connective tissue disorders 7/13/1993 Osiris Therapeutics 
(Columbia, MD, USA)

5,192,553 Isolation and preservation of fetal and neonatal 
hematopoietic stem and progenitor cells of the 
blood and methods of therapeutic use

3/9/1993 Pharmastem Therapeutics

Table 2  The five most dominant patents in the field of culturing hematopoietic stem cells
US patent no. Title Issue date Assignee

5,399,493 Methods and compositions for the optimiza-
tion of human hematopoietic progenitor cell 
cultures

3/21/1995 Regents of the University of 
Michigan (Ann Arbor, MI, 
USA)

5,612,211 Stimulation, production and culturing of 
hematopoietic progenitor cells by fibroblast 
growth factors

3/18/1997 New York University and 
Sloan-Kettering Institute For 
Cancer Research (New York)

5,436,151 Method for culturing human hematopoietic 
stem cells in vitro

7/25/1995 Regents of the University of 
Minnesota (Minneapolis)

5,728,581 Method of expanding hematopoietic stem 
cells, reagents and bioreactors for use therein

3/17/1998 Novartis (Basel)

5,460,964 Method for culturing hematopoietic cells 10/24/1995 McGlave, Verfaillie, Miller
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95% of all patent applications and issued pat-
ents since 1973.

The search identified just over 8,000 pat-
ent documents having the search term in the 
claims, 288 of which were identified as impor-
tant based on cross-citations between or among 
the patent documents. Figure 1 maps the results 
and gathers the patent citations into six topical 
clusters. Each important patent document is 
identified by a color-coded disk and citation 
connections between patents are indicated by 
a solid line. The yellow disk indicates that the 
patent document is among the oldest, having 
been published some time from 1970 to 1999. 

Using this tool, we sought to identify impor-
tant or dominant stem cell inventions and map 
the evolution of the technology by searching 
the terms “stem cell” or “stem cells” that appear 
in the claims of English-language published 
patent applications and issued patents. By 
limiting our search to the patent claims, which 
embody the invention in the patent document, 
we avoided patent literature making inciden-
tal or background reference to stem cells. The 
search was conducted using a proprietary  
patent database containing over 30 million pat-
ent-family documents from 71 patent offices 
worldwide. The database is reported to cover 

invention. Patent offices also independently 
search and cite to the applicant the closest work 
by others, whether in a patent document or a 
technical or scientific publication. The citation 
of these documents becomes part of the patent 
document9.

Patent citations have been extensively 
used in innovation studies to assess a pat-
ent’s importance and as a metric of economic 
value; some claim that the most cited patents 
are generally the most important and there-
fore the most valuable10. An alternative and 
less limiting approach to using patent citations 
is to consider them as genealogical connec-
tions between a patent pair and to consider 
the connection between different citation trees 
as the technological trajectory of a particular 
research field. We used the scientific method 
known as network analysis to describe both 
the complex structure of the underlying stem 
cell patent landscape and the special position 
of individual patents within that landscape. 
Network analysis is derived from graph theory 
and has proven well suited to provide a visual 
overview illuminating important patent clus-
ters and the relationship between the clusters. 
It also evaluates each patent not only on its 
attributes, but also on its value or role as a part 
of the greater landscape.

A1
Hematopoietic stem cells

A2
Culturing hematopoietic stem cells

Embryonic
stem cells

B2
Neural
stem cells

B1
Embryonic-like stem cells

C1
Non-human stem cells

� 1970–1999
� 2000–2004
� 2005
� 2006–2008

Figure 1  Patent citation clusters whose claims include the terms “stem cell(s),” divided by topic. A cluster is a set of strongly inter-linked nodes, relative to 
the rest of the network.

Table 3  The five most dominant patents in the field of embryonic-like stem cells
US patent no. Title Issue date Assignee

5,591,625 Transduced mesenchymal stem cells 1/7/1997 Case Western Reserve 
University (Cleveland)

7,255,879 Post-partum mammalian placenta, its use and 
placental stem cells therefrom

8/14/2007 Anthrogenesis 

5,437,994 Method for the ex vivo replication of stem cells, 
for the optimization of hematopoietic progenitor 
cell cultures

8/1/1995 Regents of The University 
of Michigan (Ann Arbor, 
MI, USA)

7,311,905 Embryonic-like stem cells derived from post- 
partum mammalian placenta, and uses and  
methods of treatment using said cells

12/25/2007 Anthrogenesis 

5,464,764 Positive-negative selection methods and vectors 11/7/1995 First Union National Bank 
(Charlotte, NC, USA)
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latter patent document is linked to 10 later filed 
patents that only play a little role within their 
patent cluster or between the clusters.

The stronger the connection between or 
among patent documents, the thicker the line. 
The strength of the connection is based on cita-
tions and is an expression of the autocatalytic 
relationship between two patents in a collection 
of several entities deriving or creating knowl-
edge from each other (that is, measuring how 
valuable the knowledge provided by patent A 
to patent B was with regards to producing new 
knowledge for a patent C or D). Patents that are 
part of a larger patent family or revolve around 
a similar context therefore have a stronger con-
nection, whereas patent pairs which more or less 
exclusively broker knowledge between different 
fields have a weaker, yet in some cases, a strate-
gically more important relationship. Many such 
strong autocatalytic relationships across patent 
families may create a network structure that has 
a higher density compared to its neighboring 
environment. These dense environments are 
identified as patent clusters.

The patent clusters
From the six clusters identified from patent 
documents, the five most dominant patent 
documents were identified in each cluster 
(Tables 1–6). Patent literature related to 
manipulating adult or somatic stem cells 
dominated the literature from 1970 until 
2006, when non-human embryonic or human 
embryonic stem cell patents were published 
or issued. The earliest patents covered tech-
nology relating to the isolation and use of 
hematopoietic stem cells for the treatment 
of blood and connective tissue disorders. 
Based on the US Patent and Trademark Office 
(USPTO) assignment records, the five most 
dominant patents are owned by the private 
sector. However, because recording of owner-
ship changes by assignment is not mandatory, 
the USPTO records may not actually identify 
current ownership.

The patent clusters with the earliest dates 
concern inventions relating to HSCs (Fig. 1, 
cluster A1) and the culturing, transduction 
and expansion of these cells (Fig. 1, cluster 
A2). Pharmastem Therapeutics (Larchmont, 
NY, USA) is the listed assignee of two of the 
five most important patents in cluster A1, 
and all five are assigned to commercial enti-
ties (Table 1). Highlighting that the patents 
identified as important are relevant not only 
within their technical classification but also 
across technologies is US patent 5,226,914 
for “Method for treating connective tissue 
disorders,” which does not claim HSCs as the 
invention but rather the use of mesenchymal 
stem cells to repair connective tissue. However, 

was only correlative with the number of times 
a certain patent document was cited by others, 
both US patent 5,591,625 for “Transduced mes-
enchymal stem cells” and US patent 5,939,391 
for “Hemoglobin alpha chain peptide frag-
ments useful for inhibiting stem cell prolif-
eration” would be attributed the same weight. 
Both patents were cited by 10 other patent 
documents and were published within a time 
span of 16 months. While by means of those 
10 linkages the first patent document plays an 
integral role in brokering knowledge between 
research conducted around hematopoietic stem 
cells, culturing hematopoietic stem cells and 
embryonic stem cell research, and its affiliated 
literature plays an equally important role, the 

A green disk identifies the document as being 
published from 2000 to 2004, and a red disk as 
being published in 2005. The most recent pat-
ent literature, published from 2006 to 2008, is 
identified by a blue disk. Relative importance 
of the patent documents is indicated by the size 
of the color-coded disk assigned to each docu-
ment: the more important the individual pat-
ent, the larger the disk identifying the patent.

The ‘importance’ weight assigned to each 
patent is based on not only its immediate local 
importance within each cluster but also on the 
patent’s evolutional role in brokering knowledge 
within and across patent clusters, such as the 
manipulation of stem cells or embryo-like stem 
cell research. For example, if patent importance 

Table 4  The five most dominant patents in the field of neural stem cells
US patent no. Title Issue date Assignee

5,750,376 In vitro growth and proliferation of genetically 
modified multipotent neural stem cells and their 
progeny

5/12/1998 NeuroSpheres Holdings 
(Calgary, Alberta, Canada)

5,851,832 In vitro growth and proliferation of multipotent 
neural stem cells and their progeny

12/22/1998 NeuroSpheres Holdings

5,968,829 Human CNS neural stem cells 10/19/1999 Stem Cells California  
(Palo Alto, CA, USA)

6,171,610 Guided development and support of hydrogel-cell 
compositions

1/9/2001 The Children’s Medical 
Center Corp. (Boston)

5,945,337 Method for culturing CD34+ cells in a serum-free 
medium

8/31/1999 Quality Biological 
(Gaithersburg, MD, USA)

Table 5  The five most dominant patents in the field of non-human stem cell research

Patent no. Title
Publication 

date Assignee

US 5,175,384 Transgenic mice depleted in mature T cells 
and methods for making transgenic mice

12/29/1992 GenPharm International 
(San Jose, CA, USA)

US 5,523,226 Transgenic swine compositions and methods 6/4/1996 The Board of Trustees of 
the University of Illinois 
(Urbana, IL, USA)

WO 9003432 Derivation of pluripotential embryonic cell 
lines from domestic animals

4/5/1990 Animal Biotechnology 
Cambridge (Cambridge, UK)

US 5,453,357 Pluripotential embryonic stem cells and  
methods of making same

9/26/1995 Vanderbilt University 
(Nashville, TN, USA)

US 5,487,992 Cells and non-human organisms containing 
predetermined genomic modifications and 
positive-negative selection methods and  
vectors for making same

1/30/1996 First Union National Bank 
(Charlotte, NC, USA)

Table 6  The five most dominant patents in the field of embryonic stem cells
US patent no. Title Issue date Assignee

5,843,780 Primate embryonic stem cells 12/1/1998 WARF, National Institutes 
of Health 

6,200,806 Primate embryonic stem cells 3/13/2001 WARF

6,280,718 Hematopoietic differentiation of human  
pluripotent embryonic stem cells

8/28/2001 WARF

7,297,539 Medium for growing human embryonic stem cells 11/20/2007 Geron 

5,340,740 Method of producing an avian embryonic stem  
cell culture and the avian embryonic stem cell 
culture produced by the process

8/23/1994 North Carolina State 
University (Raleigh, NC, 
USA)
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compositions containing human embryonic 
stem cells. It links the other five clusters because 
of the inherent pluripotency of the stem cells. 
Not surprisingly, three of the five most domi-
nant patents in this cluster are assigned in 
whole or in part to Wisconsin Alumni Research 
Foundation (WARF; Madison, WI, USA) 
whose patents broadly cover all primate and 
human embryonic stem cell lines derived from 
a pre-implantation embryo (Table 6).

The most important bridging stem  
cell patents
Our listing of the top 20 patent documents 
(Table 7) identified many of the patents gen-
erally known to represent groundbreaking 
technologies in this field, such as WARF’s 
embryonic stem cell patents and Anthrogenesis’ 
stem cell compositions isolated from placental 
tissue. The ‘important’ patents were equally 
split between commercial and the not-for-
profit sector (universities and hospitals).

for “Transduced mesenchymal stem cells” even 
though the term “embryonic-like stem cell” 
does not appear in the patent document. Its 
importance therefore lies in its brokering of 
knowledge between the clusters. Brokering of 
knowledge can occur when similar utilities exist 
for the stem cells or alternatively, when simi-
lar background technology, such as culture or 
differentiation conditions, is used between or 
among the clusters.

Cluster B2 covers technology relating to the 
isolation, culturing and use of stem cells iso-
lated from neuronal tissue. Three of the five 
most dominant patents are assigned to com-
mercial entities (Table 4). Cluster C1 relates 
to non-human stem cell research and covers 
non-human transgenic animals as well as non-
human embryonic stem cells. Only one of the 
five most dominant patents are assigned to a 
commercial entity (Table 5).

In Figure 1, the center cluster, “embryonic,” 
is the most recent and relates to methods and 

the patent was identified as important within 
this patent cluster and is likely one of the first  
patent documents claiming mesencyhmal stem 
cells. Its closest prior art relates to HSCs.

Cluster A2 concerns in vitro methods to cul-
ture HSCs such as the use of certain growth 
factors (US patent 5,612,211) or by co-culture 
with stromal cells (US patent 5,728,581). In 
contrast to cluster A1, only one of the five most 
dominant patents in cluster A2 were assigned 
to a commercial entity (Table 2).

Cluster B1 covers technology relating to 
embryonic-like stem cells. In this technology, 
embryonic-like stem cells are those that are 
adult in origin but have identifying character-
istics that overlap with those only previously 
identified in embryonic stem cells. Two of the 
five most dominant patents are assigned to 
Anthrogenesis (Cedar Knolls, NJ, USA) and 
are relatively recent, having been issued in 
2007 (Table 3). The most important or domi-
nant patent in this field is US patent 5,591,625 

Table 7  Top 20 important patents identified as brokering knowledge in stem cell research
Rank US patent no. Title Publication date Assignee

1 5,635,387 Methods and device for culturing human hematopoietic cells and their 
precursors

6/13/1997 CellPro (Seattle)

2 7,255,879 Post-partum mammalian placenta, its use and placental stem cells 
therefrom

8/14/2007 Anthrogenesis 

3 5,968,829 Human CNS neural stem cells 10/19/1999 Stem Cells California (Palo Alto, CA, USA)

4 5,004,681 Preservation of fetal and neonatal hematopoietic stem and progenitor 
cells of the blood

4/2/1991 Pharmastem Therapeutics

5 5,192,553 Isolation and preservation of fetal and neonatal hematopoietic stem 
and progenitor cells of the blood and methods of therapeutic use

3/9/1993 Pharmastem Therapeutics

6 5,453,357 Pluripotential embryonic stem cells and methods of making same 9/26/1995 Vanderbilt University (Nashville, TN, USA)

7 5,851,832 In vitro growth and proliferation of multipotent neural stem cells and 
their progeny

12/22/1998 NeuroSpheres Holdings (Calgary, Alberta, Canada)

8 7,311,905 Embryonic-like stem cells derived from post-partum mammalian  
placenta, and uses and methods of treatment using said cells

12/25/2007 Anthrogenesis 

9 6,200,806 Primate embryonic stem cells 3/13/2001 WARF

10 5,750,376 In vitro growth and proliferation of genetically modified multipotent 
neural stem cells and their progeny

5/12/1998 NeuroSpheres Holdings (Calgary, Alberta, Canada)

11 5,523,226 Transgenic swine compositions and methods 6/4/1996 The Board of Trustees of the University of Illinois 
(Urbana, IL, USA)

12 4,714,680 Human stem cells 12/22/1987 The Johns Hopkins University (Baltimore)

13 7,067,316 Methods and devices for the long-term culture of hematopoietic  
progenitor cells

6/27/2006 Cytomatrix (Woburn, MA, USA)

14 7,312,078 Methods of controlling proliferation and differentiation of stem and 
progenitor cells

12/25/2007 Gamida Cell (Jerusalem), Hadasit Medical 
Research Services and Development (Jerusalem)

15 5,635,386 Methods for regulating the specific lineages of cells produced in a 
human hematopoietic cell culture

6/3/1997 The Regents of the University of Michigan  
(Ann Arbor, MI, USA)

16 7,297,539 Medium for growing human embryonic stem cells 11/20/2007 Geron 

17 5,843,780 Primate embryonic stem cells 12/1/1998 WARF, National Institutes of Health 

18 6,828,145 Method for the isolation of stem cells by immuno-labeling with HLA/
MHC gene product marker

12/7/2004 Cedars-Sinai Medical Center (Los Angeles)

19 6,548,299 Lymphoid tissue-specific cell production from hematopoietic progeni-
tor cells in three-dimensional devices

4/15/2003 Cytomatrix, The General Hospital Corp. (Boston)

20 7,204,979 Generation of hematopoietic cells from multipotent neural stem cells 4/17/2007 NeuroSpheres Holdings (Calgary, Alberta, Canada)

All 8,000 stem cell patents were analyzed applying citation network analysis. This methodology allows to efficiently sort through thousands of patents and their inter-
relationships, ranking their importance within and across stem cell sub-technologies, without subjectively studying the patent claims. Yet, many of these top 20 are generally 
agreed to represent groundbreaking technologies in the field of stem cells.
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stem cells therefrom”) but also to constitute 
an alternative bridge between clusters A1 and 
C1—suffer disinvestment?
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same or similar technology. Additionally, the 
exclusory effect of a patent can be amended 
or eliminated by subsequent evaluation by 
reexamination within a patent office (e.g., the 
reexamined WARF patents identified as most 
important in the embryonic stem cell cluster) 
or by the courts.

Nevertheless, our analysis has provided an 
overview of a complex and evolving technol-
ogy. The increase in funding for these tech-
nologies will likely change this landscape as 
newer technologies create new clusters (e.g., 
iPS and the supporting or enabling technolo-
gies to create and maintain the stem cells) and 
connections with existing technologies. It will 
be equally interesting to follow the changes in 
the stem cell landscape brought about by the 
legislative changes under the Obama admin-
istration. If more financial resources and 
intellectual capital will again be invested into 
embryonic stem cell technologies, will tech-
nologies evolving around embryonic-like stem 
cells—which came not only to be the subject 
of the most ‘important’ patent documents 
(e.g., US patent 7,255,879 for “Post-partum 
mammalian placenta, its use and placental 

In 2007, Bergman and Graff analyzed stem 
cell patents also using patent citations to  
identify and rank patent documents11. Although 
many of the patents identified by Bergman and 
Graff were identified in our study, their posi-
tions on the respective lists differed because 
of the ranking criteria. Our analysis not only 
ranked patent literature by the number of ingo-
ing and outgoing citations but also considered 
a patent’s overall connectedness to the other 
8,000 patents bearing the search term “stem 
cell” in the claims, which was not reportedly 
factored in the earlier study.

Our analysis of the most important bridg-
ing patents is useful to identify technological 
innovation not only within the specific patent 
cluster but also across closely related patent 
clusters. This information is useful to identify 
the key patent literature in a technology or 
supporting technologies (identified by rela-
tionship lines between, for example, clusters 
A1 and A2) but we caution against using the 
term ‘dominant’ in describing the patent lit-
erature. Patent dominance implies commercial 
importance measured by the patent’s ability 
to exclude others from practicing or using the 
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