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The Biomedical Translational Research Pathway

> The health-related research pathway >
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Curing Parkinson’s? DA Neurons from hES Cells

Wainwright, S.P. (2005) Can stem cells cure Parkinson’s disease? Embryonic steps
toward a regenerative brain medicine. British Journal of Neuroscience Nursing 1 (3): 61-66.
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Curing Parkinson’s: DA Neurons from Foetal Cells

1. PET: Normal control

7N

2. PET: PD (L) & PD + FCTx (R) 9/12

3. PET: PD + FCTx 33/12

Stanford, Web



Institute of Medicine’s Clinical Research Roundtable
Continuum of Biomedical Research: T1 & T2

BASIC CLIMICAL CLIMICAL AND
RESEARCH HESEARCH COMMUMITY
TRANSLATION TRANSLATION FRATIE
from Basic Science to fram Clinical Research to
1 . ; " Patients and Communities
Human Studies oy IMPROVED
{T1)
HEALTH
AMIMAL STUDIES

INFRASTRUCTURE, TECHNOLOGIES, INFORMATICS
PARTNERSHIPS, NETWORKS, EDUCATION

T1 - transfer of new understandings of disease mechanisms gained in the

laboratory into the development of new methods for diagnosis, therapy, and
prevention and their first testing in humans

T2 - translation of results from clinical studies into everyday clinical practice

Woolf, S.H. (2008) The Meaning of Translational Research and Why It Matters. JAMA, 299(2): 211-213.


http://www.ncrr.nih.gov/strategic_plan/online_version/contents.asp

Translation of Major Basic Science Promises

Translation of highly promising basic science
research into clinical research occurs sparingly and
with considerable time lag

Limited empirical data on:

1. how frequently these promises are materialized
2. reach the stage of clinical application

3. reach the stage of routine clinical use

4. what iIs the time frame for this translation

Contopoulos-loannidis et al (2003), Am J Med; loannidis (2004) Translational Med



ID

The Glacial Pace of Clinical Translation (of Drugs!)

Intervention (Intervention
Class)

1930

1940
1950

1960

1970

1980

1990

2000

Refuted, Non-tandomized

17
29
6
14

Nitric oxide
Flavonoids
Postmenopausal HRT
Vitamin E

Refuted, Randomized

22
15
7
9
1
8
10
26
11

Aspirin

Vitamin E
Endarterectomy
Angioplasty
Zidovudine

Stent

1t-PA (Streptokinase)
Ramipril (Captopril)
HA-1A (Immune serum)

e

Non-refuted, Non-Randomized

16

Oral trans-retinoic acid

Non-refuted, Randomized

28
25

32

Folate

Spironolactone
Zidovudine

Tamoxifen
Levamisole-with fluorouracil
Ribavirin-with interferon
Captopril

Captopril

Enalapril (Captopril)
Bisoprolol (Metoprolol)
Carvedilol (Metoprolol)
Lovastatin (Mevastatin)
Pravastatin (Mevastatin)
Pravastatin (Mevastatin)
Simvastatin (Mevastatin)
Clopidogrel (Ticlopidine)

Abciximab (Murine GPIIb/llla antibodly)
Indinavir-in triple therapy (Saquinavir)

First description of
intervention class

description

First intervention

First "human use"
article

Ml

First "specific human

. Highly-cited article

loannidis, JAMA 2005



Trial Initiation = Medical Achievement (Geron ESC4SCI)

A trial of one application, not a trial of all ES cells... but

 This... marks the dawn of a new era in medical therapeutics. This

approach is one that reaches beyond pills and scalpels to achieve a new
level of healing
Thomas Okarma, Geron CEO

» Today's news... is a milestone in the new era of hope
Amy Comstock Rick, Coalition for the Advancement of Medical Research

* This is what we've all been waiting for
Robert Lanza, Advanced Cell Technology

 The announcement boosted the price of shares in [Geron]... up 56% from
the day before the announcement
Meridith Wadman, Nature, Jan 27, 2009

If embryonic stem cell work is anything like practically every
other major medical advancement, be prepared for a very long,
tough slog with lots of setbacks (Jon Kimmelman, Blog, 2009)
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Stem Cell Labs Fieldwork in the UK & USA
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Fieldwork: Southern California Stem Cell Consortium /
The San Diego Consortium for Regenerative Medicine

The BURNHAM INSTITUTE.
e . . 7_-,_.\ _‘Lﬂﬁ;" i

Prof Evan Snyder, Burnham/UCSD



Stem Cell Therapy: Cell Transplants & Regenerative Medicine
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Curing Type-1 Diabetes with ‘Stem Cell’ Transplants?

Four steps to a holy grail of regenerative medicine?

1. Islet cell transplants can cure Type-1 diabetes
2. Need new supply of cells (huge shortfall of cadaver cells)
3. ES cells best source of unlimited cells

4. Hence, ‘ES cell therapy’ will cure Type-1 diabetes

Bonner-Weir, S. & Weir, G.C. (2005) New sources of pancreatic Beta-cells.
Nature Biotechnology 23: 857 — 886.



Figure 1: Boundary work, boundary crossings and the lab-clinic
Interface: from stem cells to cell transplants for diabetes?

Translational Research?

Productive

Science? Lab :: »|  Clinic

[} ]
We argue the perceived success of islet cell transplants helped stimulate scientific demand for ‘making beta cells’. In this figure, scientists want to move
horizontally so as to cross the lab-clinic boundary through translational research. However, this has not yet been possible as with strategies 1 & 2 only
approximately 1:1000 cells produce around 0.001% insulin of a primary beta cell. In contrast, with strategy 3, almost all cells produce 40% of the insulin of a
primary beta cell. Scientists have, therefore, been ‘driven down’ the vertical axis (from strategy 1 to 3), thereby crossing two clinically and socially contested
‘genetic boundaries’ (i.e. adding insulin promoter genes, adding oncogenes). These moves maintain expectations of the ability of scientists to make
‘functioning beta cells’, which can potentially be used in the clinic. Moreover, this series of vertical moves also allows researchers to engage in productive
(publishable) science. In brief, the ‘pull of the clinic’ combines with ‘the push of productivity’ to lure scientists across ‘socially contested boundaries’.

Wainwright et al (2007) New Genetics & Society

Growth factors
Science 2001

Islet Cell

Transplants
NEJM, 2000

Add Genes
PNAS 2003

Add Oncogenes
Nature Biotech 2005




1. Lumelsky et al: A view from our US Fieldwork - 2005

You look at that [Lumelsky] paper and see that it is fundamentally
flawed from the very beginning. How it passed through the review
process | have no idea. When | first read that paper, | thought it was
nonsense... There was hardly any insulin message, the PDX1
message, which is critical for pancreas and beta cell formation, went
down when she differentiated her cells...

It's had
an enormous impact, a disastrous impact on the field.

| think it's set the field back for a couple of years. And in this country
people were reproducing and extending this result. You still see it
today on grants where people reference it. So | think it was a major
flasco... It was a terrible thing that happened, as they [scientists]
dropped everything and tried to repeat and extend their protocol. And
the protocol was wrong. So it's a disaster. How many hundreds of
scientific man-years and millions of dollars were devoted to that
protocol in one way or another? It's just a complete waste. That, for
me, Is a pretty decent definition of a disaster...

(Scientist 28, USA)

Michael et al (2007) Science Studies
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Generation of insulin-secreting pancreatic islet clusters

from undifferentiated mouse ES cells

Stage1: (23 days)
Expansion of ES cells:
on gelatin-coated tissue culture surface without feeder
cells and in the presence of LIF.

Stage2: (4 days)
Generation of EBs:
in suspension, in ES cell medium in the absence of LIF.

Stage 3: (6-7 days)
Selection of nestin positive cells:
ITSFn medium on tissue culture surface.

Stage 4:‘(6 days)
Expansion of pancreatic endocrine progenitor cells:

N2 medium containing B27 media supplement and bFGF.

Stage 5:‘ (6 days)
Induction of differentiation and merphogenesis of
insulin-secreting islet clusters:
withdraw bFGF from N2 medium containing B27 media
supplement and nicotinamide.
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1. Contested Science: Ron McKay vs Doug Melton

DEVELOPMENT

Insulin Staining of ES Cell

Progeny from Insulin Uptake
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Core Set: Contested Science In Action

- BECAUSE Youbip THE
MY EXPERIMEMTS DoM EXPERIMENT wiorda ]

CoMFIamM M RESULTS. ..

A lot of people have used the ‘shake and bake’ approach. They're
now learning how to do the molecular approach. (Scientist 25, USA)

Prof Harry Collins, Web; Michael et al (2007) Science Studies



Sociology of Expectations & Translational Research
(Williams et al, 2003, SHI; Kitzinger et al, 2005, SSM)

Over the coming years we intend to accelerate the rate at
which MRC research is translated into new methods of
diagnosis and treatment — a process that can take anything
from a few years to decades... to bring our knowledge and
discoveries into the healthcare system and so to patients.
(Colin Blakemore, MRC, 2004: 1)

Problems: Wainwright et al (2006) Social Science & Medicine
e Can hES cells be turned into functioning cells?
e Different cultures of medicine and science

Clinical use of ‘cardiac stem cells’
‘Third rate scientists misled by bad data’ (Scientist 27, USA)



From Bench to Bedside? The Two Cultures Revisited

Science versus Medicine

Bench scientists tend not to talk to, or respect, true clinical scientists and
vice versa, and there are very few people that cross over truly between the
two... If you talk to most basic scientists they will say that clinical research
IS very ‘Mickey Mouse’ and if you talk to most clinical scientists | guess they
will say that most basic science is a waste of time and money. Scientist 3

Problems with animal studies

| think there are two very clear groups of researchers, those who have done
a lot of animal work, who very rarely do anything in humans, and then there
are a group who say, ‘working on mice is a waste of time!" Quite often what
you find is that there isn’t so much crossover. Scientist 5

Promoting interaction between ‘the two cultures’

So there is a little bit of them providing us with tissue plus us experimenting
with them and feeding them back information. Scientist 4

Wainwright et al (2006) Social Science & Medicine



Outline

Introduction: CBAS, sociology and translational research
Prospects of hES cells as a cure for diabetes
Bourdieu and the fields of science and medicine

From cell transplant to disease in a dish?

. Conclusion: translational research revisited



Bourdieu: Key Concepts

(Habitus + Capital) + Field = Practice (Bourdieu, 1984: 101)
Field: a structured system of social positions of power

Habitus: ‘a feel for the game’; ‘When habitus encounters a social world
of which it is the product, it is like a “fish in water”(B&W, 1992: 127)

lllusio: ‘is the game worth the candle’

Forms of Capital:

Physical Capital  the body

Emotional Capital emotions

Economic Capital money etc

Symbolic Capital prestige; recognition of economic / cultural capital
Social Capital relations with ‘significant others’

Cultural Capital legitimate knowledge

Scientific Capital? Economic, Symbolic, Social & Cultural Capitals
+ Ethical Capital + Expectational Capital?

Wainwright et al, SHI, 2008



Bourdieu - King’s Health Schools Review 2005-2006
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HEFC funding, Research Council Grants, RAE scores, league tables etc
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The Field of Diabetes - ‘A world without insulin’ (JDRF)
Backing Scientific Winners & Making Beta Cells?

= an ll  Cell Stakes

: Name:

Time & Place
Expectations, ra e’ g
Science & Society RUNNERS

. 1. Isolated Islets from Cadaver Pancreas

Strategy 1-2001 (2. Stem Cells Embryonic>

Stem Cells Pancreatic Duct

Stem Cells Blood

Stem Cells Liver

Stem Cells Intestine

Cultured Foetal/Neonatal Pancreas
Nuclear Transfer Techniques

Cultured Tumour Cell @

. Encapsulated Cells

Wl N o o »

Strategy 3 - 2005

. Xenograft Cells

Feel for the game?

. Direct Gene Therapy
e.g. Single Chain Insulin Analogue

Is the game worth it?

13. Engineered Intestinal K Cells

14. DarkHorse |PS cells

(o 1

Prof Sir Roy Calne, Singapore, 2001




The fields of ES cells and diabetes revisited:
are cell transplants the answer for Type-1 Diabetes?

() Islet transplants: ‘unlimited stem cells’ needed?

(i) Immunology: any cells needed for Type-1?

(i) Diabetes industry: innovative insulin pump therapies?
(iv) hESC research: ‘disease in a dish’?

Do islet transplants only function short-term?

Diabetes UK: Should focus be on Type-2 Diabetes?

Wainwright & Williams, NGS, 2008; and Wainwright et al, SHI, 2008
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hESC Research: From Tx to ‘Disease In a Dish’?

Stem cells have been, over the last two or three years, sold
to the public as a potential therapeutic applications for
transplantation, almost explicitly, and it is the simplest way
to think about it... When are we first going to see the real
cure, when are the benefits going to be in the clinic? Is it
going to be diabetes, is it going to Parkinson’s Disease?
And | think some opportunists have jumped into this field,
done some rat studies with human ES cells and some
changes occurred. | think that people were shaken and
some scientists started backing off and saying it's all hype.
There are no real cures in this domain... For the last year
or so I've been talking about how you can study ‘diseases In
a dish’ through cell culture. This is a revolution in human
biology. This is a paradigm shift... This Iis going to happen.
It's too clear. It's too right. (Scientist 29, USA)

Wainwright et al, SHI, 2008



hES Cell Therapy: Cellular & Molecular Mechanisms of Disease
Activaon Approach 1 - SCNT
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hES Cell Therapy: Cellular & Molecular Mechanisms of Disease
Activaon Approach 1 - SCNT
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hES Cell Therapy: Cellular & Molecular Mechanisms of Disease
Activaon Approach 1 - SCNT

Donor oocyte Enucleated egg \ Morula

Blastocyst
(64 to 200 cell stage,

\ cross-section)

o ——
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trophoblasts

Somatic Cell
Nuclear Transfer

(SCNT)
ALS Skin fibroblast ( Challenge ALS cells
f y with various drugs and
_, , treatment regimens.
- W
' —— Propagation
Biopsy/ ' : ' Inner cell mass in Culture
¥
%
3
| }\ disease
motor neurons
ALS patient - = -
,*, \b ‘ W Pluripotent
= — 1 Differentiation ~ €Mpryonic
stem cells

.. ; and selection
‘Imagined Geographies’ 0 Medicine Revisited?

ALS mutant motor neurons

Prof Fred Gage, Salk



Human ES Cells: Studying the Cellular and Molecular Mechanisms of Disease
oocyte APProach 2 - Preimplantation Genetic Diagnosis 1. ; cq

/\Q for faulty
Morula ._ gene

Development

\=

Blastocyst
(64 to 200 cell stage,

\ cross-section)

trophoblasts

Study disease process at
cellular / molecular level

Propagation

Inner cell mass in Culture

Cells contain faulty gene

Pluripotent
embryonic
Differentiation stem cells
and selection

Modified from original hES Cells with genetic mutation
courtesy of Dr Fred Gage WIS oV



Pre-implantation Genetic Diagnosis (PGD):
Making Healthy Babies?

O ® ® © ©

affected unaffected unaffected affected affected

|

Transfer only unaffected embryos to woman

Prof Peter Braude, KCL



Pre-implantation Genetic Diagnosis (PGD):
Making Healthy Babies & Creating ‘Disease in a Dish’?

PGD lines could be very important... stem cells for therapy... This is a
potential source to study genetic conditions. You could actually look
through the very early stages where the genes switch on. What actually
happens? Can you change it? Could it be a pharmaceutical target?

PGD Clinician/Scientist 16

© ® ® © ©

unaffected unaffected

Transfer only unaffected embryos to woman

Williams et al (2008) New Genetics & Society



Human ES Cells: Studying the Cellular and Molecular Mechanisms of Disease

\ o Approach 3 — Genetic Engineering of hES Cells

Fertilized egg

Morula

Development

Blastocyst
(64 to 200 cell stage,

\ cross-section)
. % !

trophoblasts

Study disease process at

| think disease lines from gznoelggdlg‘:'l':"::/
PGD are oversold...

Just throwing technology _
at a problem doesn't &
necessarily give you
Interpretable data.
Scientist 51, USA

Propagation
in Culture

Inner cell mass

Genetic engineering to
‘knock-in’ disease genes

2 -

’ Pluripotent

embryonic

Differentiation stem cells
and selection

Modified from original hES Cells with genetic mutation

courtesy of Dr Fred Gage WIS oV



Outline

Introduction: CBAS, sociology and translational research
Prospects of hES cells as a cure for diabetes
Bourdieu and the fields of science and medicine

From cell transplant to disease in a dish?

. Conclusion: translational research revisited



Sociology of ‘ES Stem Cell Translational Research’

Media & Ethics

Media & Expectations
Core Set

Epistemic Things
Scientific Realism
Translational Bioethics
Cell Tx for PD (‘PUS’)
Ethical Boundary-Work
Boundary Objects

(R CO I AN I

10. Expectations

11. Boundary-Work

12. Geography of Science
13. Expectational Capital
14. STS & Bourdieu

15. Sociology & Ethics

Sociology of Health & lliness
Social Science & Medicine
Science Studies

Configurations

Social Theory & Health

Medicine, Healthcare & Philosophy
British Journal of Neuroscience Nursing
Sociology of Health & lliness

New Genetics & Society

Social Science & Medicine

New Genetics & Society

New Genetics & Society

Sociology of Health & lliness

Handbook of Genetics & Society (Book)
Bioethics & Stem Cells (Book)



From Bench to Bedside? The struggle for
Power In the Fields of Science & Medicine

< > The translational research pathway < >
< -
Molecule Animal

Cell «—— model ¥— ‘ |

Gene

Scientific capital -----=-=mmmmmmmmmemm e
RIQOUI ==mmmmmmm e e e

If I'm not prepared to do something, someone else will do it. There’s
someone right behind me, who’s going to clamber over my back, prepared to
do that. There is great pressure on individuals and institutions to ‘push ahead’.

Surgeon 32.
Wainwright et al (2009) Handbook of Genetics & Society



wellcome'Ust giomedical Ethics Strategic Award

LABTEC - London & Brighton Translational Ethics Centre (2009-2014)

The ethics of translational research: from ‘unnatural entities’ to experimental treatments

Prof Williams (King's, Sociology, CBAS) « Significant contribution to empirical /normative ethics
Prof Braude (King's, Medicine)

Prof Cribb (King's, Ethics, SSPP ) « Esteemed interdisciplinary research programme
Prof Farsides (Brighton & Sussex, Ethics)

Prof Michael (Goldsmiths, Sociology) * Develop research capacity and expertise

Dr Minger (King's, Stem Cell Science)

Prof Salter (King's, Politics, CBAS) * Build local, national, and international collaborations
Prof Scott (King's, Ethics & Law, Law)

Prof Seale (QMUL, Sociology) * Engage with policy makers, users and publics

Prof Shaw (King's, Neuroscience, IOP)
Prof Wainwright (King’s, Sociology, CBAS) « Contribute to public debates and the policy process

TING'S
Coliege brighton and sussex  Goldsmiths | CBAS
LONDON J v QY Queen Mary B IV

i V
medical school H Fl II_ DEI'*I}I% l{;; University of London . Blomedeine
University of London e Society




Ethics of translational research

Interface between research ethics / experimental treatment ethics

Two major themes

Human animal hybrids (admixed embryos) and IPS cells
Experimental neuroscience (PD & MND)

Four perspectives
Scientists’, clinicians’ views
Stakeholders’ views (law, policy, regulation)
Patients’ perceptions
Media reporting

Wainwright & Williams (in press) Bioethics & Stem Cells



Summary: Challenges for Stem Cell Translation

What counts as translation?

Basic versus applied science?

What sort of stem cells?

Is IPS a problematic panacea?

Cell therapy and/or pharmacological tool?

What timescale?

Will competing approaches / technologies win out?

What role should social science play?



Questioning Translation: The Politics of the Future

Biotechnology and genomics marked by constant
(re)creation of ‘regimes of hope’

Role of social scientists and bioethicists in the co-
production of biofutures? e.g. ESRC SCI projects

What principles and values should be adopted? Danger of
‘going native’?

Should social scientists be involved in creating alternative
discourses eg about resource allocation, production of
health, health inequalities [what counts as translation] etc?

Dr Paul Martin & Dr Nik Brown, 2006



What Counts as ‘Translational Research’?
1. Better Science --> 2. Improved Health

What is a drug?

A substance injected into a rat that produces a paper!

What Is translational research?

A phrase used in a proposal that produces a grant!

Is biomedical science the best way to improve health?

1. The challenge from social science...

2. The challenge from geoscience...



What is Translational Research? The Future as the
Key to the Present OR the Past as the Key to the Future

Quaternary
Environments

+ e

wilkinson
and Kate
Pickett
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