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Abstract Recent years have seen a number of attempts to define the field of regenerative

medicine (RM) published in the scientific literature. Key issues addressed include which

technologies belong under the umbrella of RM, where the proper origins of the field lie, and

what the prospects are for its future. I argue that these competing visions for the field are

qualitatively different from the initial technological expectations deployed when RM began to

emerge in the 1990s and represent a qualitatively different ‘stage’ of the field’s development.

A significant characteristic of this stage is that proponents of RM must not only continue to present

hope for the field, but also account for prior sets of expectations that have been, at least partly,

unfulfilled. Drawing on work from the sociology of expectations and STS (science and technology

studies)-informed studies on scientific disciplinarity, these recent definitions of RM are analysed in

terms of the promissory work they do and the means they employ to do it. Particular attention is

drawn to the deployment of historiographic ‘origin stories’ to support competing accounts of RM.

These ‘possible pasts’ act as a discursive means of colonising the past in order to reconcile prior

unfulfilled promises with current visions of the field.
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Introduction

Regenerative medicine (RM) has often been described as an interdisciplinary field of science

and medicine (Polykandriotis et al, 2010), a treatment strategy (Daley and Scadden, 2008),

an area of interdisciplinary research and product technology (Williams and Sebastine, 2005),

an industry (Mason and Dunnill, 2008), and a field of research and therapeutics (Bajada

et al, 2008) committed to augmenting the human body’s capacity for self-repair. In a general

sense, RM concerns the study and application of human cells, including stem cells, as novel

therapies for disease. However, many accounts of the field also incorporate other

technologies such as biodegradable ‘scaffolds’ to guide and stimulate cell re-growth, genetic

modification of cells, and the construction of replacement organs. In addition, within the
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field of stem cells, a rhetorical separation of cells by source – into ‘adult’, ‘foetal’ and

‘embryonic’ stem cells (among others) – has been effected, with different technical and

therapeutic expectations associated with different ‘types’ of stem cell. Recent years have seen

a number of attempts to delineate the field of RM published in the scientific literature (for

example, Kemp, 2006; Daar and Greenwood, 2007; Mason and Dunnill, 2008). At issue are

questions of exactly which technologies belong under the umbrella of RM, where the proper

origins of the field lie and what the likely prospects are for its future.

These papers often position themselves as strategic documents, claiming for themselves

specific audiences and objectives. For example, Daar and Greenwood argue that a successful

definition of RM is needed to ‘facilitate a shared vision among RM’s diverse contributing

disciplines’ (2007, p. 180), while Mason and Manzotti envisage a definition communicating

the novel requirements of commercial RM to external actors such as large pharmaceutical

companies and governments:

The reason why we need to define the industry is that cells as therapies are a paradigm

shift in healthcare, their successful delivery depends upon an industry that has totally

different needs to the present and very well established [y] pillars of healthcare.

(Mason and Manzotti, 2009, p. 785)

In addition, purposive themes of ‘realising the potential’ of RM are evident in many of these

accounts (for example, Singh and Williams, 2008). Through such goals and aims, these

definitions inherently incorporate future-orientated claims about RM. They can be

understood as promissory narratives that, in keeping with the sociological understanding

of techno-scientific expectations, attempt to recruit actors, whether from the ‘diverse

contributing disciplines’ within the biosciences or from external domains such as the state or

the pharmaceutical industry, and to mobilise the resources of these groups through shared

technological visions (Van Lente and Rip, 1998; Brown and Michael, 2003).

Such promissory work is typical of a field like RM, which, as an innovative high-

technology domain, is associated with significant hype and expectations about future

improvements in health care and future revenues for the health-care industry (Cooper,

2006). Stem cells, as the most high profile component of RM, have already elicited

a significant body of sociological analysis examining promissory narratives across a range of

settings including laboratory scientists’ talk (Michael et al, 2005), the media (Kitzinger and

Williams, 2005), and the multiple interfaces between politics, science governance and

publics (Geesink et al, 2008; Prainsack et al, 2008). The focus of this article, however, turns

to the broader field of RM, and specifically the promissory work performed by recent

definitions of RM published in the scientific literature.

RM – Label, Discipline or Field of Strategic Science?

One of the difficulties in addressing the set of concepts, practices, expectations and agendas

collected under the label of RM is how to analytically define the object of study. The

diversity of the quotes presented at the beginning of this article illustrates some of the

complexity inherent in such an attempt. This section establishes an analytical framework

drawing on insights from STS (science and technology studies)-informed studies of the
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formation of scientific disciplines and the sociology of technological expectations. Two

related aspects of RM are particularly important in defining this approach; the rhetorical

work done by the name ‘RM’ itself, and the claims built around the core technologies

associated with the field.

Despite a recurrent emphasis on the heterogeneity and interdisciplinarity of RM, it

nonetheless resembles in many ways an emerging scientific discipline. Certainly the field of

RM has acquired many of the ‘conventional insignia’ of a discipline such as conferences,

periodicals and institutions and, of course, a recognisable name, or label (Powell et al, 2007).

Similarly, the very heterogeneity of RM is in keeping with the ‘cross-cutting’ nature of many

emergent or prospective disciplines of the twentieth and twenty-first centuries such as

pharmacogenomics or systems biology, which are based on transcending (or transgressing)

existing disciplinary boundaries to create novel aggregations of knowledges, practices and

technologies (Hedgecoe, 2003; Powell et al, 2007; Calvert and Fujimura, 2011). Another

similarity with many twentieth and twenty-first century disciplines is that RM defines itself

as distinct from, and as a progression of, prior or existing disciplines or fields of research

(c.f. Hedgecoe, 2003, on the relationship between pharmacogenetics and pharmacoge-

nomics). One way that this is achieved is through the rhetorical act of naming ‘RM’ as a

distinct field of activity not located under the auspices of any existing discipline or field. I

will return to the issue of whether RM is, was or might yet be considered a scientific

discipline per se in subsequent sections of this article; for now it is sufficient to acknowledge

that RM can usefully be considered a ‘discipline-like field of scientific activity’, which is

amenable to analysis using insights from studies of disciplinary formation.

There is also good reason to apply the perspective of the sociology of technological

expectations to the study of RM. In particular, the extant ‘world’ of RM, as evidenced by the

dedicated journals, academic centres, companies and widespread recognition of RM as an

‘important’ domain by state actors and international funding agencies fits closely with Van

Lente and Rip’s (1998) concept of a field of ‘strategic science’. This approach foregoes issues

of disciplinarity and focuses instead on describing emerging technoscientific fields in terms

of networks, audiences and the promissory claims that bind them together, providing an

alternative way to conceptualise RM. Framing RM as a field of strategic science also appears

more congruent with the strong emphasis, in many accounts of the field, on RM as

a practical, commercially orientated endeavour, the goal of which is specifically the

development of new cell-based therapeutic products. This is evident in visions for the field as

a treatment strategy (Daley and Scadden, 2008), an area of interdisciplinary research and

product technology (Williams and Sebastine, 2005, emphasis added) and much of Chris

Mason’s work on the industrial aspects of RM.

There are, however, more convergences between the two approaches than might

initially be obvious. Attempts to generate a novel discipline can be considered, at least in

part, a form of performative technological vision. A vision is a particular form of expectation

that incorporates ideas about how a particular technology or set of technologies will

develop and be applied in practice, novel research agendas, infrastructures, networks of

actors, epistemologies and emerging industrial structures (Hedgecoe and Martin, 2003).

As visions include agendas for promoting sustained scientific work – both basic and

applied – in new technoscientific fields, this suggests an affinity with the kind of discursive

work involved in making claims to disciplinarity for an emerging scientific field. Conversely,
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Powell et al (2007) and Hedgecoe (2003) illustrate how increasing discursive emphasis is

placed on the role and importance of new technologies, including their practical/commercial

applications, in the claims to disciplinarity of bioscience-orientated fields in the late

twentieth and early twenty-first centuries. Hedgecoe (2003) has also drawn attention to the

confluence between the emphasis on naming and labelling in STS-influenced studies of

scientific disciplinary formation and Van Lente and Rip’s observations about the importance

of a promising technology having the ‘right labels’ to aid network building and resource

allocation during the early stages of development. Such contours of convergence suggest that

a theoretical approach combining studies of (scientific) discipline formation with the

sociology of expectations offers unique insights into the topic of RM.

For the remainder of this article I will employ the terms ‘field’ or ‘domain’ when referring

to RM for simplicity and because my framing incorporates concepts of RM as a ‘discipline-

like field of scientific activity’ and a ‘field of strategic science’ without prioritising either. In

the following sections I will attempt to demonstrate the utility of this combined approach

in addressing questions of how to think about RM as something that develops and changes

over time, and how we might understand the particular set of expectations associated with

this particular stage in the field’s ‘career’.

From Here to Where? Temporality, Emergence and Expectations
in Technoscientific Fields

By its own (multiple) chronologies, RM has existed as a concept (and a label) since at least

the early 1990s, when the term ‘RM’ itself is widely reported to have been coined (Hall,

2003; Lysaght et al, 2008). To ask whether RM can still be considered an ‘emerging’ field

after some 20 years is to invite a normative response in regard to that term. Nonetheless, it

is important to consider that RM is no longer a wholly novel concept struggling to gain

initial purchase in the imaginations of potential stakeholders. Instead, there is a strong sense

of the field occupying an ‘intermediate’ position, reflected in the strategic agendas for

‘realising the potential’ of RM set out by authors such as Mason and Manzotti (2009) and

Daar and Greenwood (2007) described above. This conception, though, necessarily raises

further questions – if RM is no longer in its ‘initial’ phase of development, how should

we best consider its current state, and what might it actually mean for RM to be ‘emerged’

rather than emerging?

In terms of technological expectations, it is possible to detect some measure of progression

over time. Even a cursory review of the literature reveals certain ‘emerging irreversibilities’

in the discourse of RM; most notably concerning human stem cells, whose centrality in the

envisaged future of the field is almost unassailable. As Van Merkerk and Robinson (2006)

describe, once established, such ‘difficult to dislodge’ components impose limits on the

(discussion of) possible futures for a given technological field and restrict the possibility for

introducing radical (re)visions. This suggests that the current stage of RM’s development

can be distinguished from an earlier phase when competing visions of the field were more

radically divergent and few technological components were discursively established.

However, this does little to address the question of an ultimate ‘direction’ or goal for the

field.
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One potential answer might be the consolidation of a specific epistemic culture of RM

(Knorr Cetina, 1999). Another possible ‘end’ might be found in the idea of Kuhn’s ‘normal

science’. Both these options are problematic. Van Lente and Rip (1998) argue against the

possibility of a consolidated epistemic culture emerging in fields of strategic science. For

these authors, the stability of fields lies in the strength of the networks of actors, which

constitute them. A strong network remains heterogeneous. Instead of epistemic alignment, it

helps a novel field of strategic science to ‘develop itself’ and attempt to secure its future by

generating a stable audience for that field. With regard to ‘normal science’, Calvert and

Fujimura point out the limitations of this approach with regard to temporality:

[I]t is not clear that any field fits Kuhn’s ‘normal science’ model, except perhaps at a

particular moment in time. The field may never shift and stabilize into a set of

canonical epistemological aims and methods; it may always be constituted of a range

of different approaches. It may split into several different fields. Or it may go through

a series of stages, with different epistemological aims. (Calvert and Fujimura, 2011,

pp. 161–162)

This argument is also pertinent beyond the specific question of whether or not we might

consider an emergent RM as having achieved a state of normal science. Regardless of

whether RM is analytically framed as a field of strategic science, an emerging discipline or

simply a domain of technoscientific endeavour, a stable, mature, ‘established’ set of activities

and an accompanying identity can only ever be considered as something that might exist for,

and over, a period of time. The work of Powell et al (2007) amply highlights the durational

and shifting nature of disciplines from molecular biology to genomics. Even considered in

terms of strategic science fields, networks and audiences also fragment, change over time,

and are eventually superseded or reinvented with new foci. ‘Stability’ remains something

achieved ‘in the moment’ – and as much a rhetorical achievement as a material or

institutional one.

RM in a State of Ongoing Emergence?

Given these temporal considerations, it seems preferable for the purposes of this analysis to

conceive of RM as a field going through subsequent stages, discernible with respect to

changes in both the technological options available and the discursive expectations and

concerns of key actors in the field over time, but with no inevitable ‘endpoint’. I have

selected the term ‘ongoing emergence’ to describe the current developmental stage of RM. In

doing so, I do not wish to suggest that there is a definable set or order of stages that all

innovative technoscientific fields inevitably pass through. If the term ongoing emergence

necessarily evokes the question of where emergence ‘leads to’, the answer is simply that this

is, and must remain for now, an unknown. The futures of fields are opaque and immanent –

‘graspable only in the moment of emergence’ (Michael et al, 2005, p. 376). A range of

subsequent stages are possible, including failure, fragmentation into multiple fields,

acceptance among relevant actors that RM is now ‘established’, further ‘developmental’

stages with setbacks and retrenchments and so on. Attempts at prediction on the basis of

current developments are inherently problematic. Brown (2003) illustrated this with
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reference to economists’ attempts at separating some ‘real’ value of scientific endeavours

from the promissory future-orientated discourse through which their present value is

constituted. In any case, this article is dedicated to the evaluation of the promissory work

performed by recent definitions of RM published in the scientific literature that are

characteristic of the ongoing emergence stage of RM.

The nature and role of these expectations can be theorised further. As noted above, RM

has existed as a label for some time now. It has existed long enough to have gone through

a number of previous promissory iterations. Brown (2003) warns that unfulfilled

expectations can create a collapse of trust in an envisaged future. To maintain trust and

support, contemporary proponents of RM must therefore continue to present hope and

expectation associated with the current state of the field, while also accounting for previous

expectations about RM, which may not have been (fully) realised.

Furthermore, there remains a degree of fluidity regarding the boundaries of what ought to

be included under the label of ‘RM’ in terms of component technologies, definitions and

aims. Despite certain ‘difficult to dislodge’ components, there remains space for competing

visions of the field to be articulated. Commenting on the role of labels in the development of

novel technoscientific fields, Hedgecoe asserts that:

rather than strictly representing an area of research, the term pharmacogenomics can

be seen as a rhetorical device used to gain support among policy makers and funders

for particular research topics and technologies. (2003, p. 515)

Similar questions about what, if anything, RM distinctively represents are readily

forthcoming. Just as systems biology has been dismissed as being ‘merely “physiology with

advertising”’ (Strange, 2005, cited in Powell et al, 2007, p. 21), so too critical commentators

question whether ‘RM’ is no more than a rebranding of tissue engineering (TE) or cell

therapy. Thus, at this stage of its existence, challenges to both the identity and legitimacy of

the field of RM remain.

Contemporary expectations in the field of RM can reasonably be expected to address all

of these issues. Proponents of RM must, in their accounts, at once attempt to sustain promise

for the field, account for prior sets of expectations, make a case for a particular choice

among competing visions for future development, and defend the identity of the field as

a coherent concept. This article will now turn to examine how these aims are manifest in

recently published definitions and overviews of RM in the scientific literature.

Methodology

This research was carried out in the broader context of the European Commission FP7

Regenerative Medicine in Europe (REMEDiE) project that ran from April 2008 – May 2011.

Reviewing the background literature on RM necessarily invites the question of how to define

RM, and how it is defined by other parties including those who self-identify as RM scientists

and practitioners. Investigation of the scientific literature on RM brought to attention a

2007 paper entitled ‘Regenerative medicine 2.0’ authored by Chris Mason, a professor of

RM bioprocessing at the University College London. Mason’s paper traces the origins of RM

to a small number of US academic laboratories developing novel combinations of
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biomaterials and human cells as therapies for skin lesions and wounds during the mid-1980s.

The paper’s core argument presents this era as an earlier ‘phase’ of RM, which has now been

improved upon by the titular ‘Regenerative medicine 2.0’, characterised by the more

versatile technology of stem cells and a more business-savvy outlook. This account was

striking because of two particular features. The paper offered a distinct set of claims about

the potential of RM based on a hierarchy of technologies (stem cells, and specifically human

embryonic stem cells (hESCs) being identified as the most potent option), and it drew heavily

upon a historical narrative of technological development to support these claims about the

(future) potential of RM.

Literature searches using Medline and ISI Web of Science for general editorial and review

material on RM and stem cells in the scientific literature, as well as following up relevant

citations in papers already obtained, revealed further papers that also utilised historical

elements to argue for particular definitions or discussions of prospects and progress in the

field. Editorials and review pieces were the most relevant search targets, as these types of

papers report and comment on previously published research rather than introducing new

experimental data. In addition, Hedgecoe (2003, following the work of Myers, 1991) notes

the special role of review papers as sites for constructing narratives about particular

disciplines and fields, for example in terms of key findings and discoveries. Such narratives

help coalesce the identity of technoscientific fields and promote their future prospects.

While a project definition was developed and agreed upon in the early stages of the

project,1 I continued to collect and analyse papers specifically relating to definitions of, and/

or prospects for RM during the project’s lifespan. In this way a small but distinctive body of

comparatively recent literature (published 2006–2010) concerning attempts to define and

organise prospects for RM was collected.

As described, a number of the papers employed explicit historiographic components as

part of their definition of RM. Such components were usually short, often functioning as a

lead-in to sections defining the ‘key’ technologies of RM and their prospects. This stood out,

not least because such attention to the past is comparatively uncommon in an era when

a ‘breathless futurology’ about novel technologies often acts to obscure histories and

emphasise disjunctive aspects of technological change (Brown et al, 2006, p. 332). These

short histories also represented a potentially important aspect of these papers with regard to

understanding how contemporary promissory texts about RM (literally) account for its past,

while promoting the prospects of particular visions for the field. I have listed those papers

in my data set that adopt this historiographic approach, along with the journal titles, in

Table 1. I have also included the lead authors and their main institutional affiliations to add

additional perspective to the analysis that follows. Multiple papers by Chris Mason are

included as he is a prominent advocate for RM in the United Kingdom and these two papers

represent only a small proportion of his published work in this area.

Other papers found did not adopt this approach to supporting their definitions, although

in some cases minor references were made to existing practices and achievements in

biomedical science. These papers were also of interest, not only for contrast, but also to

1 The REMEDiE project’s definition of RM along with the major findings from the project can be found in
the project’s final report accessible at www.cs.york.ac.uk/socdep/. Access is free but requires registration.

Promissory futures and possible pasts

7r 2012 The London School of Economics and Political Science 1745-8552 BioSocieties 1–20



AUTHOR C
OPY

understand what other promissory strategies were being deployed. Their details are

presented in Table 2.

In the rest of this article I will evaluate the discursive content of this data set with the aim

of elucidating the promissory work done by these texts. By including only papers for the

period 2006–2010 I have made clear the intention to focus only on expectations associated

Table 1: Editorial and review papers employing historiographic accounts of RM

Title Publication

year

Journal Lead author Affiliations

Updates on stem cells

and their applications

in regenerative medicine

2008 Journal of Tissue

Engineering and

Regenerative

Medicine

Stefan Bajada Institute for Science and

Technology in Medicine,

Keele University, UK

Stem cells and regenerative

medicine: principles,

prospects and problems

2007 Comptes Rendus

Biologies

Richard L. Gardner Mammalian Development

Laboratory, Department

of Zoology, University of

Oxford, UK

Regenerative medicine:

then and now – An update

of recent history into future

possibilities

2010 Journal of Cellular

and Molecular

Medicine

Raymund E. Horch Department of Plastic and

Hand Surgery; Laboratory

for Tissue Engineering and

Regenerative Medicine,

University of Erlangen,

Germany

History of regenerative

medicine: Looking

backwards

to move forwards

2006 Regenerative

Medicine

Paul Kemp Intercytex Group Plc,

Manchester, UK

Great expectations: private

sector activity in tissue

engineering, regenerative

medicine, and stem cell

therapeutics

2008 Tissue Engineering:

Part A

Michael J. Lysaght Centre for Biomedical

Engineering, Brown

University, USA

Regenerative medicine 2.0 2007 Regenerative

Medicine

Chris Mason Advanced Centre for

Biochemical Engineering,

University College London,

UK

A brief definition of

regenerative medicine

2008 Regenerative

Medicine

Chris Mason Advanced Centre for

Biochemical Engineering,

University College London,

UK

Regenerative medicine:

the emergence of an

industry

2010 Journal of the

Royal Society:

Interface

Robert M. Nerem Parker H. Petit Institute for

Bioengineering and

Bioscience, Georgia Tech;

Emory Centre for

Regenerative Medicine,

Georgia Institute of

Technology, USA

Genetically modified cells

in regenerative medicine

and tissue engineering

2010 Advanced Drug

Delivery Reviews

Dima Sheyn Skeletal Biotechnology

Laboratory, Hebrew

University of Jerusalem,

Israel
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with what I have termed the ‘ongoing emergence’ stage of development of RM. Evaluating

previous sets of expectations about RM or attempting to try and reconstruct some sort of

history (discursive or otherwise) of the field is beyond the scope of this article. Some research

in these other areas have already been carried out – for example Brown et al (2006) have

examined technological expectations associated with haematopoietic stem cells (HSCs) in

the 1980s and 1990s – while other areas remain to be addressed.

The majority of the article will focus on the use of historiographic components in papers

providing reviews of RM. First, these components will be theorised as a form of scientific

‘origin story’. Three types of historiographic components will be identified and each

examined in turn. Then I will compare these texts and the insights derived from their

analysis with the discursive content of the papers listed in Table 2, which produce

promissory narratives of RM without using this particular narrative device. Both sets of

definitions will be interpreted in terms of the ways in which prior expectations of the field

are dealt with, the technological hierarchies they produce, and ways in which they conceive

and support particular identities for the field of RM.

From Where to Here? Origin Stories and Possible Pasts of RM

While the stance of this article has been very much contra the idea of any standardised, linear

development pathway for novel technologies, disciplines and so on, there are nonetheless

some rhetorical strategies that can be observed in multiple fields, albeit usually driven by

Table 2: Editorial and review papers employing non-historiographic accounts of RM

Title Publication

year

Journal Lead author Affiliations

A proposed

definition of

regenerative

medicine

2007 Journal of Tissue

Engineering and

Regenerative Medicine

Abdallah S. Daar Program on Life

Sciences, Ethics and

Policy, McLaughlin-

Rothman Centre for

Global Health,

University of Toronto,

Canada

Prospects for

stem cell-based

therapy

2008 Cell George Q. Daley;

David T. Scadden

(joint co-authors)

Daley: Harvard

Medical School;

Harvard Stem Cell

Institute, USA

Scadden: Harvard Stem

Cell Institute; Center

for Regenerative

Medicine,

Massachusetts General

Hospital; USA

Cell therapies:

Realizing the

potential of this

new dimension

to medical

therapeutics

2008 Journal of Tissue

Engineering and

Regenerative Medicine

Pawanbir Singh Healthcare Engineering

Group, Wolfson

School, Loughborough

University, UK

Promissory futures and possible pasts
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different ‘local’ circumstances. One such strategy is the deployment of scientific ‘origin

stories’, describing the historic founding and pedigree of disciplines and fields (Abir-Am,

1985; Franklin and McNeil, 1993). Van Lente and Rip observe in their study of membrane

technology:

Together with the introduction and establishment of the umbrella term, a history is

created, the history of membrane technology, which in a sense creates the field

henceforth to be covered by that same term [y] It is a history with founding fathers

and other heroes, with Hard Times and Golden Ages. (Van Lente and Rip, 1998,

pp. 227–228, italics in original)

Similarly, Abir-Am (1985, p. 74) reported of molecular biology that, beginning in the late

1960s there was ‘an ever growing effort, especially by practicing scientists [y] to indicate

where the origins of molecular biology can be found’.

Scientific origin stories are historiographies that purport to chronicle the formative

events of a particular field – key discoveries, institutions, naming events and heroic scientist-

founders, locating them within a narrative of scientific progress that operates through

the elucidation of natural categories and facts about the world. These historiographic

narratives tend to employ a transparent, linear temporality (Michael et al, 2005), and tend to

be rather deterministic (Abir-Am, 1985; Franklin and McNeil, 1993; Geesink et al, 2008).

However, as Brown and Michael observe, both the future and the past are available to us

‘only [y] imaginatively through histories and projections’ (2003, p. 5). Origin stories are

accounts of historical events, created and structured in the present, as ways of accounting for

the past that speak to and legitimise the current orientation and organisation of a field or

discipline. One reason for their deployment is to foster a sense of unity among diverse

contributing groups to a discipline or field by creating a shared history – or rather a shared

sense of historically mediated identity.

The state of ongoing emergence in RM is characterised by multiple competing visions

of the field. Different accounts (that is, different papers in Table 1) employ subtly different

origin stories to support the accounts of the present and future of RM that each paper

articulates. I have employed the term ‘possible pasts’ to describe the historiographic accounts

studied here. This term is intended to reflect the multiplicity of accounts as well as their

constructed and contingent nature. The ‘possible pasts’ of RM are also a site of promissory

work. They are deployed to support particular visions for RM, but also address some of the

other challenges facing expectations for RM in its current stage – fostering a sense of RM

as a cohesive identity and forging or strengthening bonds between different groups

contributing to the field. Powell et al explain:

As origin stories are generated and deployed during the institutionalization of

a discipline, the intended scope of the discipline is adjusted in order to facilitate further

consolidation and allow integration of nearby fields and techniques. (2007, p. 21)

It is also significant that these historiographies are appearing in editorial and review papers

about RM, which are often intended as platforms for communicating the aims and promise

of technoscientific fields to broad audiences including colleagues in related disciplines,

medicine and industry.
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Arising from an inductive reading of the texts, the historiographic sections studied here are

classified by the time period that they address, into ancient or mythical origins for the idea of

RM, modern precursors to RM, and recent history of TE and RM, to reflect the finding that

narratives invoking different eras appear to do subtly different types of promissory work.

Moving from promissory pasts focused on ancient through to recent histories also involves

an increase in both the frequency with which each type is found in the data set and

the complexity in the historiographic accounts. It is quite possible for a single paper to

feature all types (for example, Polykandriotis et al, 2010) or only a single type of possible

past (for example, Mason, 2007a). In the latter case it is always the recent history of TE

and RM, which is addressed as it is this recent history that is most closely intertwined with

promissory ordering of the current domain of RM. For this reason it is also the recent

histories of RM, which will receive greatest attention in this article.

Mythical or Ancient Origins for the Idea of Regeneration

Where mythical or ancient concepts are cited, the archetype of the Titan Prometheus,

condemned to have his liver consumed by an eagle and regenerated each day (in time to be

eaten again), is most frequently invoked as an icon for the activities of RM (NIH, 2006;

Polykandriotis et al, 2010; Sheyn et al, 2010). This extends to visual as well as textual

representation of RM – for example the cover of the US National Institutes of Health 2006

report on RM (and its subsequent updates) features a painting of Prometheus by artist

Therese Winslow. Other examples in this category include the Biblical narrative of Eve’s

‘generation’ from a rib removed from Adam, while Gardner recounts how ‘[g]rafting of skin

from the face or buttocks to restore noses amputated for various crimes was carried out

in India several thousand years ago’ (2007, p. 465). Details of these episodes or stories (for

example, the reasons for Prometheus’ recurring punishment) are rarely elaborated upon. The

effect of these accounts is to position the idea of regenerating human tissues and organs as

a longstanding and inherent/natural human desire that may now, finally, be realised through

the application of novel biotechnologies. This is evidenced most explicitly by Polykandriotis

et al, who claim that ‘[t]he dream to master regeneration is one primordial ambition like

flying or communicating over distances and man cannot rest until he has mastered this quest

too’ (2010, p. 2351). These mythical/ancient components are somewhat unusual, in that,

unlike most origin stories they project precedents of the field into a period long before any

traditionally recognised ‘scientific era’. This may also explain why they are the least

commonly employed form of possible pasts.

Modern Precursors to RM

The historiographic accounts of the modern, primarily twentieth century, origins of RM in

this data set tend to be lists of key events – usually scientific breakthrough events or the work

of heroic individual scientists – that are positioned as initiating trajectories of scientific

investigation that have, in turn, led to key breakthrough events of RM (see Brown and

Michael, 2003; Nerlich and Dingwall, 2003). This has the effect of presenting RM as

Promissory futures and possible pasts
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the outcome of a continuous, linear, historic process of accumulation of validated and

legitimatised scientific and medical knowledge. In other words, they evoke a sense that

‘research that we would now describe as RM has been going on for a long time’ (Nerem,

2010, p. S771). Such accounts draw primarily on two narrative sources: the history of

surgical implants and organ transplantation, and key events in cell and developmental

biology. While some authors (for example, Kemp, 2006) discuss both elements, they remain

discursively separated as distinct strands of endeavour that have both contributed to the

interdisciplinary domain of RM.

Accounts based in ‘transplant medicine’ offer a fairly simple teleological narrative,

beginning with a suitable ‘breakthrough’ – the first kidney transplant in 1954 (Kemp, 2006)

or the earliest cornea grafts in 1905 (Gardner, 2007) – leading by turns to contemporary

procedures and techniques where tissue-grafting and organ transplants have become part of

routine clinical practice. The effect is to produce a sense of scientific progress that is

successful but incomplete, where practices and technologies have become commonplace but

not (yet) ideal. Mason and Dunnill (2008) provide a fairly typical account of these perceived

imperfections, including the need for immunosuppressive drugs in most transplants, the

shortage of organ donors and potential inflammatory side-effects of many implants. Having

identified both a trajectory of progress and a limitation to current practice, a discursive space

is created to position RM as the logical ‘next step in the evolution of organ replacement

therapy’ (Daar and Greenwood, 2007, p. 181) that will redress these imperfections and

continue the ‘natural’ progress of the field.

Key events cited in the historiographies of cell and developmental biology include, the cell

culture work of French-born biologist and surgeon Alexis Carrel in the early decades of the

twentieth century (Bajada et al, 2008; Nerem, 2010; Polykandriotis et al, 2010), the

development of improved techniques for laboratory-based culturing of human cells and

tissues in the mid-twentieth century (Kemp, 2006; Nerem, 2010), and the isolation of

mammalian (murine) embryonic stem cells by Martin Evans at the University of Cambridge

(UK) and Gail Martin at the University of California in San Francisco (US) in 1981 (Yu and

Thompson, 2006; Bajada et al, 2008). All of these discoveries are framed as ‘steps’ in the

trajectory of progress that leads to the scientific understanding and control of human cell

cultures, whose therapeutic application forms the greater part of RM in recent accounts of

the field. For example, Evans and Martin’s (separate) isolation of stem cells from mouse

embryos is positioned as a scientific precursor to Jamie Thompson’s 1998 isolation of

hESCs, regarded as one of the key breakthroughs underpinning current RM and stem cell

science. In addition, both Alex Carrel and Martin Evans are Nobel Laureates, having

considerable reputational capital among medical and scientific communities. Reference to

their work provides a narrative link to these respected figures, which can rhetorically anchor

the contemporary, less established endeavours of TE and RM in a (historic) bedrock of

legitimatised and canonical scientific practice.

One technology that bridges narratives of both transplant medicine and cell biology is the

use of HSCs, understood to be resident in bone marrow. Accordingly references to bone

marrow transplants or HSCs are near-ubiquitous in the accounts studied here. Despite this

ubiquity, the status accorded to bone marrow derived stem cells is somewhat ambivalent.

Some authors valorise bone marrow transplants as the first routine, effective form of stem

cell therapy (Williams and Sebastine, 2005; Kemp, 2006; Gardner, 2007), even considering it
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‘the gold standard for restoring tissue function by engraftment of [y] stem cells’ (Daley and

Scadden, 2008, p. 544). Other accounts, however, relegate their coverage of HSCs to the list

of historical precursors of RM (Mason and Dunnill, 2008; Polykandriotis et al, 2010). These

variations largely reflect investments made by particular authors in expectations surround-

ing different sources of stem cells. Accounts according promissory priority to hESCs,

or perhaps induced pluripotent stem cells (iPS), tend to devalue the contribution, and thus

the potential, of HSCs as ‘adult’ stem cells. In general these modern precursors to RM act in

a similar way to other scientific origin stories, presenting a linear, deterministic account of

scientific progress that conforms to the norms of scientific practice and acts to legitimate the

contemporary organisation and orientation of the field.

Recent History: TE and RM

The two-phase model

The ‘two-phase’ model describes a comparatively common approach to the recent history

of the field within the data set. It is exemplified by Mason’s (2007a) ‘Regenerative medicine

2.0’ concept, but also deployed by a number of other authors (Kemp, 2006; Lysaght et al,

2008; Nerem, 2010; Polykandriotis et al, 2010). In this type of historiography the origins of

RM are traced to the concept of TE – defined as the use of human somatic (non-stem) cells

and bioscaffolds to repair damaged tissue – described as emerging in the mid-1980s. Key

events in these narratives of TE include a 1987 meeting at the US National Science

Foundation at which the term ‘tissue engineering’ was formally recognised, the nascent

field’s first dedicated conference, held in California in 1988, the founding of the TE firms

Organogenesis (1986) and Advanced Tissue Sciences (1987), a 1993 paper in the journal

Science providing the most widely cited definition of TE, and the launch of the first

commercial TE products, such as the Apligraf skin replacement therapy, in the mid-to-late

1990s. This period is delineated within quite specific temporal boundaries – usually

stretching from 1985 to 2002 – and is characterised as a period of largely US-led

technological innovation and optimism surrounding the development of living human cells

as therapies. For Mason (2007a), it is (retrospectively) termed ‘Regenerative medicine 1.0’ in

a parallel with the nomenclature used to characterise the first generation of commercial

internet enterprises. Nerem (2010) calls this period ‘the go-go years’, while for Lysaght et al

(2008) it was ‘the best of times’ reflecting the (remembered or retrospectively projected sense

of) enthusiasm and the accompanying influx of venture capital investment in the novel field

during this time. It is, following Van Lente and Rip’s (1998) terminology, RM’s ‘golden age’.

Importantly, in the two-phase narrative this first era has now ended, and moreover, ended

in comparative failure. The period between 2003 and 2006 is viewed as a time when ‘things

went very wrong very quickly’ (Lysaght et al, 2008, p. 306) and the enterprise of developing

human cell-based therapies became mired in uncertainty and seeming decline. The defining

events of this era are the collapse of the US TE ‘investment bubble’, the bankruptcy of two

former industry leaders Organogenesis and Advanced Tissue Sciences, and a dramatic

decline in the market capitalisation for the remaining stock market listed TE companies.

The factors attributed to precipitating this failure are not primarily scientific or technical

ones, but rather a financial environment characterised by ‘willing but naı̈ve investors’, an
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industry overly focused on basic research at the expense of translation of biological

knowledge into clinically viable products and especially ‘[m]edia hype and unrealistic

expectations’ (Mason, 2007a, p. 12). In regard to this latter point, almost every paper

employing a two-phase approach to recent history of TE/RM cites the May 2000 issue of

Time magazine, which presented ‘tissue engineer’ as the magazines choice for ‘hottest job of

the future’ as an exemplar of the ‘wild media hype’ (Kemp, 2006, p. 654), which precipitated

the demise of the TE era. Mason also adds problems with governance and business strategy

to this list, reporting that ‘all nine of the tissue-engineering products in the development

pipeline at the end of 2002 failed to reach the market for regulatory reasons or were

withdrawn on economic grounds by the companies’ (2007b, p. 26). It is important to note

that the label ‘two-phase’ is derived from the terminology of these papers themselves. The

model does of course include three distinct stages. However, the middle phase, the field’s

‘hard times’, 2003–2006, is not allocated a name in these accounts. This may be to enable

the narratives to make a clearer dichotomy between the ‘flawed past’ and the ‘promising new

era’ of RM.

The second era of RM, which extends to the present, is presented as a revival in fortunes

and prospects for the industry – a rescuing of hope in RM (c.f. Kitzinger, 2008). At the core

of the new era of ‘Regenerative medicine 2.0’ are stem cells, especially embryonic SCs and

iPS cells. For many of these accounts, TE effectively transitions into RM, driven by the

emergence of stem cell technology:

Stem cells are the catalyst for regenerative medicine in the same way that the invention

and the rapid universal adoption of broadband catalyzed and enabled the Internet.

(Mason, 2007a, p. 18)

The key events of the new era are accordingly stem cell-oriented: the cloning of Dolly the

sheep in 1997,2 Jamie Thomson’s derivation of hESCs in 1998, and the establishment of the

California Institute for Regenerative Medicine and the UK Stem Cell Initiative in 2004 and

2005, respectively.

There is, in the ‘tack[ing] back and forth between pessimistic and optimistic forecasts’

(Tutton, 2011, p. 419) apparent in these ‘two-phase’ accounts an evident parallel with

Moreira and Palladino’s (2005) contrasting regimes of truth and hope. Certainly the

discursive forms of the regime of hope are evident:

characterised by the view that new and better treatments are always about to come,

being tested, ‘in the pipeline’. More specifically, research and development is justified

by the promise of finding miraculous cures for debilitating diseases. (Moreira and

Palladino, 2005, p. 67)

However, it is less clear that the acknowledgement of disappointment and failure

associated with the end of the ‘golden era’ of TE is truly a return to regimes of truth, except

in the sense that the two regimes are ‘parasitically linked’ to one another, where

2 The cloning of Dolly is relevant to RM because applied to humans this technology offered a potential

means to create embryos with a genetic match to any individual patient as a source stem cells for future

RM applications. Such patient-specific cells should theoretically avoid the danger of immune rejection, or
the need for immuno-suppressive drugs associated with conventional transplants of organs and cells.
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future-orientated claims ‘must be necessarily shaped by a deployment of the past and

its problems’ (Moreira and Palladino, 2005, p. 73). In part this is because two-phase

accounts place much of the blame for the failure of the TE era on external, rather than

scientific or technological factors – media hype, unfavourable financial environment and

so on. As such, the overall emphasis of these possible pasts is one of restoring and

sustaining promise in commercial RM. An alternative way of conceptualising the

promissory work of this set of historiographies is through what Brown and Michael

(2003) call ‘prospecting retrospects’.

The notion of prospecting retrospects describes the ways in which actors deploy narratives

of past futures, including unfulfilled expectations, in order to contextualise and legitimate

present futures. This concept is readily applicable to the way in which possible pasts are

deployed here to reconcile past and current technological expectations – one of the key

requirements of the ongoing emergence stage of RM. The two-phase account recollects and

(re)presents expectations associated with the field before the 2002 crash as flawed and

unrealistic. The (extra-scientific) reasons for this failure now being identified, expectations

around RM can be repositioned through a discourse of ‘lessons learnt’ (Brown and Michael,

2003, p. 14), whereby ‘this time’ the promise of its technologies will be fulfilled. In addition,

the invocation of stem cells allows commercial and economic expectations associated with

cell therapies as an industry to be revitalised (‘re-prospected’) through association with their

novel (and thus as-yet untarnished) technological promise. By having TE ‘transition into’

RM this discursive strategy also addresses the question of how RM is different from TE, cell

therapy and so on.

Non-disjunctive recent histories

Not all the papers deploying historiographic sections follow the industry-orientated

two-phase model of recent history. Bajada et al (2008) take a much more inclusive,

summative role, citing existing (published) definitions of both RM and TE and providing

brief historiographies for a range of stem cell types including hESCs and stem cells from

bone marrow, umbilical cord blood and adipose tissue. While they do propose a hierarchy of

technological promise –‘[n]on-ESCs are lower in the stem cell hierarchy, [t]hey are thought

to have lost the pluripotent capability that ESCs have’ (Bajada et al, 2008, p. 172) – the

overall sense is of a range of technologies that can all contribute to the field(s) of TE and

RM. Indeed, the authors conclude with the distinctly non-hierarchical sentiment that ‘[m]ore

trials are needed to determine the exact role of stem cells in regenerative medicine’ (Bajada

et al, 2008, p. 179).

Sheyn et al (2010) revise the prospects for ‘tissue engineering and regenerative medicine’,

focusing on the current state of research pertaining to the regeneration of particular tissue

types – skeletal, cardiac muscle and so on – through the application of multiple cell-based

technologies, especially the use of genetically modified human cells. Gardner (2007) offers

a similar focus on the therapeutic, rather than explicitly industrial, potential of RM,

concentrating on a goal-orientated, rather than technology-based definition:

The essential aim of regenerative medicine is to obtain a sufficient mass of whatever

specific type of cell, or more organized entity, such as tissue or organ, is needed to

restore the normal physiology of a part of the body damaged by physical, chemical
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or ischaemic insult, or as a consequence of infectious or genetic disease. (Gardner,

2007, p. 466)

Again, Gardner considers a range of technological options with potential to contribute,

discussing the merits of bone marrow derived stem cells, hESCs, autologous and allogenic

cell therapy approaches and the potential of genetically modified cells for transplant.

In general these papers are more concerned with RM as a field of medical-scientific

practice and research than with explicitly industrial concerns. Rather than following the

disjunctive argument that pluripotent stem cells have superseded other regenerative

technologies these papers recognise a contemporary position for a range of different

technologies under the umbrella of RM. Indeed, a similar approach can even be found in

Mason’s more recent work, where the model of a ‘regen’ industry driven by stem cells as its

core technology is retained but now discursively separated from a broader research field of

RM that can incorporate cell therapy, TE, organ transplants, combined cell and gene

therapies, and even less common components like xenotransplants and cell-based cancer

vaccines (Mason and Manzotti, 2009).

These encompassing accounts address prior expectations about RM by means other than

overt retrospecting of prospects. Setbacks and unfulfilled promise associated with any

particular technology can be at least somewhat defused by investing promise in a constellation

of technologies. The implicit hopeful message is that a combination of approaches to a

common goal is more likely to succeed than any single approach, amplifying the strengths and

negating the weaknesses of any single technology. Similarly, in these accounts issues of the

identity of RM are addressed by positioning RM as an umbrella term under which existing

technologies are brought together in a productive, collaborative way. RM therefore

incorporates TE, cell therapy and other potential alternative labels but is also greater (more

promising) than the sum of its parts. This approach offers more to the concept of RM as

a discipline (c.f. Powell et al, 2007), as it also endorses a ‘cross-cutting’ programme of work

drawing on (and thus including) multiple existing scientific and medical fields.

Other Contemporary Accounts

The final group of papers to be considered here are those that do not employ historiographic

components to support their visions for RM and which are included here for comparative

purposes. Interestingly, there are strong parallels between these papers (Table 2) and the

set of papers that do incorporate possible pasts, in terms of a dichotomy between primarily

industry-orientated, and more discipline-like, accounts.

Like Gardner (2007) and others described above, Daar and Greenwood eschew a tech-

nologically based definition for a goal-orientated characterisation of the field, arguing that:

The main defining feature of regenerative medicine is not the use of a specific

technology, but rather the goal that brings diverse technologies together: to restore

impaired anatomy and physiological and biomechanical function. (2007, p. 181)

The authors’ inclusive view of the field is reflected in their list of disciplines contributing to

RM, which range from stem cell biology, genetics, materials science and transplant medicine,
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to molecular biology. In this conception, TE remains a component of RM, although a

subsidiary one in as much as ‘regenerative medicine as a whole is not the same as tissue

engineering and is not exclusively dedicated to using its methods’ (Daar and Greenwood,

2007, p. 182, emphasis added).

Other papers mirror the stance of Mason (2007a), Polykandriotis et al (2010) and so on

by prioritising pluripotent stem cells as the key promissory technology in their visions for the

future of RM. Singh and Williams (2008) focus exclusively on pluripotent stem cells,

framing other technological options such as ‘[a]llogeneic transplants, autografts, xenografts

and medical devices’ as all having ‘inherent shortcomings’ (p. 307), which only stem cell

technologies can overcome. Daley and Scadden (2008) also review the potential of stem cells

and related technologies, including iPS, genetically modified cells, therapeutic cloning and

the possibility of generating embryo-like stem cells from unfertilised oocytes. They suggest

that pluripotent stem cells are a potential solution to an ongoing industrial problem

whereby:

industry has yet to master the production of pharmaceutical grade cells, and a business

model whereby cells can be manufactured as products that can be purchased ‘off-the-

shelf’ has proven elusive. (Daley and Scadden, 2008, p. 544)

Daley and Scadden (2008) and Singh and Williams (2008) both relate the technological

hierarchies they present to commercial and industrial futures, although this is not necessarily

as dominant a theme as it is in Mason’s work.

Conclusions

This article has examined the promissory work done by contemporary attempts to define

and delineate the field of RM published in the scientific literature. The diversity of accounts

described in this article illustrates the difficulty of making precise delineations between types

of vision. Instead these orderings should be recognised as necessarily broad and tentative.

Nonetheless certain trends can be discerned. There is a general distinction to be made

between visions for RM that propose technological hierarchies (usually with pluripotent

stem cells as the key promissory technology) and are more overtly orientated to industrial

concerns, and those accounts that present broader, inclusive visions of RM where multiple

technologies combine to achieve desired therapeutic goals and appear more orientated

towards framing RM as a field of medical and scientific research.

Comparable visions can be detected in historiographic and non-historiographic accounts,

although the prominence of the former suggests that the deployment of its ‘possible pasts’ is

a particularly useful rhetorical strategy for RM in addressing the need to account for both

past and present claims about its future. However, the examples analysed here illustrate that

there is not necessarily a clear structural or narrative link between the presence or absence

of particular types of historiographic sections and an overall stance. For example, invocation

of a ‘mythic or ancient origin’ for RM does not require that a reference to organ transplants

or to the work of Martin Evans be made in a subsequent section. Similarly, both Kemp

(2006) and Gardner (2007) cite the use of bone marrow derived stem cell transplants as

an example of a current, proven and successful stem cell therapy, but then diverge into
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a two-phase account of the cell therapy industry and a non-industrial overview of the

therapeutic potential of RM, respectively.

Rather, each type of ‘possible past’ carries out a comparatively independent type of promissory

work. Mythical or ancient references tend to produce the sense that human regeneration is not

simply a modern idea, but an innate and longstanding human need or desire. Twentieth-century

precursors evoke (narrative) trajectories of scientific progress, once grounded in accepted

knowledge and simultaneously capable of being projected, by extrapolation, into the future,

creating a sense of probability, even inevitability, for the promissory claims being made about RM

in the present. Finally, recent histories of RM colonise both the past(s) and future(s) of the

heterogeneous technologies of RM and in doing so reconcile past and future by producing a

unified vision. In the case of the two-phase model, this can be explicitly aimed at rescuing hope in

the commercial prospects for RM through a narrative of ‘lessons learned’, while in other accounts

there can be seen an attempt to generate a more inclusive vision for the scientific field that allows

the incorporation of different technologies, with different expectations, without excluding or

discounting particular avenues of investigation.

The futures that these promissory narratives (historiographic or not) support are closest in

nature to the ‘translational objects’ described by Michael et al (2005). The work required to

move RM from its current state to its promised and desired outcomes of producing viable

therapeutics or products is framed as a technical process – one that exhibits a transparent,

linear temporality, is predictable, and where futures can be clearly demarcated and

articulated. It is not surprising that the temporalities in these accounts are closer to those in

the statements of the policymakers and funders reported Michael et al’s (2005) study than to

those of the laboratory scientists interviewed. As likely as it is that most of the authors of the

papers studied here are aware of the imminent, opaque qualities of experimental modes of

knowledge production, scientists often take on the role and ‘voice’ of the entrepreneur when

making public statements of promise and potential about technoscientific fields (Brown and

Michael, 2003). The performance of expectation and uncertainty varies according to the

audience and in the case of editorial and review papers supporting the promise and identity

of RM as a field, the goals are to persuade the audience – to embroil them in the regime of

hope, not that of truth (Moreira and Palladino, 2005).
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