
MESENCHYMAL STEM CELL PARTICLES FIELD The present
invention relates to the fields of development, cell
biology, molecular biology and genetics. More
particularly, the invention relates to a method of
deriving mesenchymal stem cells from embryonic stem
cells. BACKGROUND Stem cells, unlike differentiated
cells, have the capacity to divide and either
selfrenew or differentiate into phenotypically and
functionally different daughter cells (Keller, Genes
Dev. 2005;19:l 129-1 155; Wobus and Boheler, Physiol
Rev. 2005;85:635-678; Wiles, Methods in Enzymology.
1993 ;225 :900-9 18; Choi et al, Methods MoI Med.
2005;105:359-368). Mesenchymal stem cells (MSCs) are
multipotent stem cells that have documented evidence
of therapeutic efficacy in treating musculoskeletal
injuries, improving cardiac function in cardiovascular
disease and ameliorating the severity of GVHD (Le
Blanc and Pittenger, 2005). Being lineage restricted,
they have limited but robust potential to
differentiate into mesenchymal cell types, e.g
adipocytes, chondrocytes and osteocytes, and have
negligible risk of teratoma formation. Host immune
rejection of transplanted MSCs is routinely
circumvented through autologous or allogeneic
transplantation. MSCs can be isolated from several
adult tissues including bone marrow (BM), adipose
tissues (ad), cord blood and expanded ex vivo.
Mesenchymal stem cells have been used in clinical and
preclinical applications to treat a wide range of
diseases 1' including musculoskeletal tissue
bioengineering ' and heart disease 5' 6. The
therapeutic capacity of MSCs to treat a wide spectrum
of diseases in clinical and preclinical applications
to treat a wide range of diseases [A1,A2] e.g. GVHD
[Al] in musculoskeletal tissue bioengineering [A3,A4]
and heart disease [A5,A6] has been attributed to their
potential to differentiate into many different
reparative cell types. However, availability of
tissues for their isolation remains limiting and
requires risky invasive procedures, and ex vivo
expansion of MSCs while significant, is nonetheless
finite. However, the efficiency of transplanted MSCs
to differentiate into functional reparative cells in
the injured tissues or organs, and in therapeutically
relevant numbers have never been adequately documented
or demonstrated.Recent reports have suggested that
some of these reparative effects may be mediated by
paracrine factors secreted by the MSCs7. These factors
are postulated to promote arteriogenesis through
paracrine mechanisms8, support the stem cell crypt in
the intestine9, protect against ischemic renal 10' p ,
myocardial 12 15 and limb tissue injury16 ; support
and maintain hematopoiesis 17, support formation of
megakaryocyte and proplatelet 18 . There is an unmet
need for an "off-the-shelf MSC-based therapeutic
option, at affordable costs, with better quality
control and consistency. This is a requisite for
timesensitive protection against injury such as
reperfusion injury in patients with acute MI,. SUMMARY
According to a 1st aspect of the present invention, we
provide a particle secreted by a mesenchymal stem cell
and comprising at least one biological property of a
mesenchymal stem cell. The biological property may
comprise a biological activity of a mesenchymal stem
cell conditioned medium (MSC-CM). The biological
activity may comprise cardioprotection. The particle
may be capable of reducing infarct size. Reduction of
infarct may be assayed in a mouse or pig model of
myocardial ischemia and reperfusion injury. The
particle may be capable of reducing oxidative stress.
The reduction of oxidative stress may be assayed in an
in vitro assay of hydrogen peroxide (H2O2)-induced
cell death. The particle comprise a vesicle. The
particle may comprise an exosome. The particle may
contain at least 70% of proteins in an mesenchymal
stem cell conditioned medium (MSC-CM). The proteins
may be selected from the list shown in Table Dl or may
be gene products of the genes shown in Table D2. The
particle may comprise a complex of molecular weight
>100 kDa. The complex of molecular weight > 100 kDa
may comprise proteins of <100 kDa. The particle may
comprise a complex of molecular weight > 300 kDa. The
complex of molecular weight > 100 kDa may comprise
proteins of < 300 kDa. The particle may comprise a
complex of molecular weight > 1000 kDa.The particle
may have a size of between 2 nm and 200 nm. The
particle may have a size ofbetween 50hm and 150 nm.
The particle may have a size of between between 50 nm
and 100 nm. The size of the particle may be determined
by filtration against a 0.2mM filter and concentration
against a membrane with a molecular weight cut-off of
10 kDa. The size of 



the particle may be determined by electron microscopy.
The particle may comprise a hydrodynamic radius of
below 100 nm. It may comprise a hydrodynamic radius of
between about 30 nm and about 70 nm. It may be between
about 40 nm and about 60 nm, such as between about 45
nm and about 55 nm. The mesenchymal stem cell particle
may comprise a hydrodynamic radius of about 50 nm. The
hydrodynamic radius may be determined by laser
diffraction or dynamic light scattering. The particle
may comprise a lipid selected from the group
consisting of: phospholipid, phosphatidyl serine,
phosphatidyl inositol, phosphatidyl choline,
shingomyelin, ceramides, glycolipid, cerebroside,
steroids, cholesterol. The cholesterolphospholipid
ratio may be greater than 0.3-0.4 (mol/mol). The
particle may comprise a lipid raft. The particle may
be insoluble in non-ionic detergent, preferably
Triton-XIOO. The particle may be such that proteins of
the molecular weights specified substantially remain
in the complexes of the molecular weights specified,
when the particle is treated with a non-ionic
detergent. The particle may be sensitive to
cyclodextrin, preferably 20 mM cyclodextrin. The
particle may be such that treatment with cyclodextrin
causes substantial dissolution of the complexes
specified. The particle may comprise ribonucleic acid
(RNA). The particle may have an absorbance ratio of
1.9 (260:280 nm). The particle may comprise a surface
antigen selected from the group consisting of: CD9,
CD109 and thy-1 . There is provided, according to a
2nd aspect of the present invention, a method of
producing a particle according to any preceding claim,
the method comprising isolating the particle from a
mesenchymal stem cell conditioned medium (MSC-CM). The
method may comprise separating the particle from other
components based on molecular weight, size, shape,
composition or biological activity.The weight may be
selected from the weights set out above. The size may
be selected from the sizes set out above. The
composition may be selected from the compositions set
out above. The biological activity may be selected
from the biological activities set out above. We
provide, according to a 3rd aspect of the present
invention, a method of producing a particle according
as described above. The method may comprise obtaining
a mesenchymal stem cell conditioned medium (MSC-CM).
It may comprise concentrating the mesenchymal stem
cell conditioned medium. The mesenchymal stem cell
conditioned medium may be concentrated by
ultrafiltration over a >1000 kDa membrane. The method
may comprise subjecting the concentrated mesenchymal
stem cell conditioned medium to size exclusion
chromatography. A TSK Guard column SWXL, 6 x 40 mm or
a TSK gel G4000 SWXL, 7.8 x 300 mm column may be
employed. The method may comprise selecting UV
absorbant fractions, for example, at 220 nm, that
exhibit dynamic light scattering. The dynamic light
scattering may be detected by a quasi-elastic light
scattering (QELS) detector. The method may comprise
collecting fractions which elute with a retention time
of 11-13 minutes, such as 12 minutes. We provide,
according to a 4th aspect of the present invention, a
pharmaceutical composition comprising a particle as
described together with a pharmaceutically acceptable
excipient, diluent or carrier. As a fourth aspect of
the present invention, there is provided such a
particle or such a pharmaceutical composition for use
in a method of treating a disease. We provide,
according to a 5th aspect of the present invention,
use of such a particle for the preparation of a
pharmaceutical composition for the treatment of a
disease. The present invention, in a 6th aspect,
provides use of such a particle in a method of
treatment of a disease in an individual. The disease
may be selected from the group consisting of: cardiac
failure, bone marrow disease, skin disease, burns and
degenerative diseases such as diabetes, Alzheimer's
disease, Parkinson's disease and cancer. The disease
may be selected from the group consisting of:
myocardial infarction, a cutaneous wound, a
dermatologic disorder, a dermatological lesion,
dermatitis, psoriasis, condyloma, verruca, hemangioma,
keloid, skin cancer, atopic dermatitis, Behcet
disease, chronic granulomatous disease, cutaneous T
cell lymphoma, ulceration, a pathologicalcondition
characterised by initial injury inducing inflammation
and immune dysregulation leading to chronic tissue
remodeling including fibrosis and loss of function,
renal ischemic injury, cystic fibrosis, sinusitis and
rhinitis or an orthopaedic disease. The particle may
be used to aid wound healing, scar reduction, bone
formation, a bone graft or bone marrow transplantation
in an individual. The particle may be used (i) in the
regulation of a pathway selected from any one or more
of the following: cytoskeletal regulation by Rho
GTPase, cell cycle, integrin 



signalling pathway, Inflammation mediated by chemokine
& cytokine signaling pathway, FGF signaling pathway,
EGF receptor signaling pathway, angiogenesis,
plasminogen activating cascade, blood coagulation,
glycolysis, ubiquitin proteasome pathway, de novo
purine biosynthesis, TCA cycle, phenylalanine
biosynthesis, heme biosynthesis; (ii) in the
regulation of processes including any one or more of
the following: cell structure and motility, cell
structure, cell communication, cell motility, cell
adhesion, endocytosis, mitosis, exocytosis,
cytokinesis, cell cycle, immunity and defense,
cytokine/chemokine mediated immunity,
macrophage-mediated immunity, granulocyte-mediated
immunity, ligand-mediated signaling, cytokine and
chemokine mediated signaling pathway, signal
transduction, extracellular matrix protein-mediated
signaling, growth factor homeostasis, receptor protein
tyrosine kinase signaling pathway, cell
adhesion-mediated signaling, cell surface receptor
mediated signal transduction, JAK-STAT cascade,
antioxidation and free radical removal, homeostasis,
stress response, blood clotting, developmental
processes, mesoderm development, skeletal development,
angiogenesis, muscle development, muscle contraction,
protein metabolism and modification, proteolysis,
protein folding, protein complex assembly, amino acid
activation, intracellular protein traffic, other
protein targeting and localization, amino acid
metabolism, protein biosynthesis, protein
disulfideisomerase reaction, carbohydrate metabolism,
glycolysis, pentose-phosphate shunt, other
polysaccharide metabolism, purine metabolism,
regulation of phosphate metabolism, vitamin
metabolism, amino acid biosynthesis, pre-mRNA
processing, translational regulation, mRNA splicing;
or (iii) in the supply of functions including any one
or more of the following: signaling molecule,
chemokine, growth factor, cytokine, interleukin, other
cytokine, extracellular matrix, extracellular matrix
structural protein, other extracellular matrix,
extracellular matrix glycoprotein, protease,
metalloprotease, other proteases, protease inhibitor,
metalloprotease inhibitor, serine protease inhibitor,
oxidoreductase,dehydrogenase, peroxidase, chaperone,
chaperonin, Hsp 70 family chaperone, other chaperones,
synthetase, synthase and synthetase, select calcium
binding protein, aminoacyl-tRNA synthetase, lyase,
isomerase, other isomerase, ATP synthase, hydratase,
transaminase, other lyase, other enzyme regulator,
select regulatory molecule, actin binding cytoskeletal
protein, cytoskeletal protein, non-motor actin binding
protein, actin and actin related protein, annexin,
tubulin, cell adhesion molecule, actin binding motor
protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other
RNA-binding protein, histone, calmodulin related
protein, vesicle coat protein. In a 7 aspect of the
present invention, there is provided a delivery system
for delivering a particle, comprising a source of
particle together with a dispenser operable to deliver
the particle to a target. According to an 8th aspect
of the present invention, we provide use of such a
delivery system in a method of delivering a particle
to a target. The practice of the present invention
will employ, unless otherwise indicated, conventional
techniques of chemistry, molecular biology,
microbiology, recombinant DNA and immunology, which
are within the capabilities of a person of ordinary
skill in the art. Such techniques are explained in the
literature. See, for example, J. Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning: A
Laboratory Manual, Second Edition, Books 1-3, Cold
Spring Harbor Laboratory Press; Ausubel, F.M. et al.
(1995 and periodic supplements; Current Protocols in
Molecular Biology, ch. 9, 13, and 16, John Wiley &
Sons, New York, N.Y.); B. Roe, J. Crabtree, and A.
Kahn, 1996, DNA Isolation and Sequencing: Essential
Techniques, John Wiley & Sons; J. M. Polak and James
O'D. McGee, 1990, Oligonucleotide Synthesis: A
Practical Approach, IrI Press; D. M. J. Lilley and J.
E. Dahlberg, 1992, Methods ofEnzymology: DNA Structure
Part A: Synthesis and Physical Analysis of DNA Methods
in Enzymology, Academic Press; Using Antibodies : A
Laboratory Manual : Portable Protocol NO. I by Edward
Harlow, David Lane, Ed Harlow (1999, Cold Spring
Harbor Laboratory Press, ISBN 0-87969-544-7);
Antibodies : A Laboratory Manual by Ed Harlow
(Editor), David Lane (Editor) (1988, Cold Spring
Harbor Laboratory Press, ISBN 0-87969-314-2), 1855;
and Lab Ref: A Handbook of Recipes, Reagents, and
Other Reference Tools for Use at the Bench, Edited
Jane Roskams and Linda Rodgers, 2002, Cold Spring
Harbor Laboratory, ISBN 0-87969-630-3. Each of these
general texts is herein incorporated by
reference.BRIEF DESCRIPTION OF THE FIGURES Figure 1.
Myocardial Infarct Size. Representative pictures of
Evans blue (blue) and TTC (red) staining on hearts of
pigs treated with non-CM (A), CM (B) or saline (C).
Myocardial infarct size quantifications as a
percentage of the left ventricle (LV) and the area at
risk (AAR) are shown in Figures D and E, respectively.
Non-CM, n=9; CM, n=9; saline, n=8. Figure 2. Local and
Global systolic function. Local systolic wall
thickening as assessed with echocardiography of the
infarct area in pigs treated with Non-CM, CM or saline
(A). Global systolic function, echocardiographic
fractional area shortening (FAS) is 



shown in Figure B. Non-CM, n=9; CM, n=9; saline, n=8.
* p < 0.05 vs. Non-CM and saline. Figure 3. Oxidative
Stress. Viability of CEM cells in either CM or Non-CM
and treated with H2O2. (*p<0.05, A). Conditioned
medium protects cells from death induced by H2O2. To
assess oxidative stress in vivo, infarct area sections
from pigs treated with Non-CM (B), CM (C), or saline
(D) were stained for 8-OHdG, a product of nuclear
oxidative stress. Quantification of 8-OHdG positive
nuclei was assessed at 20Ox magnification and is
depicted in Figure E. Also in vivo, CM reduces
oxidative stress. Non- CM, n=9; CM, n=9; saline, n=8.
Figure 4. TGF-b Signaling and Apoptosis. Western blot
for phosphorylated SMAD 2 (A, B) and active caspase 3
(C, D) in pigs treated with non-CM, CM or saline.
Betatubulin was assessed as a loading control, and no
differences were found in beta-tubulin expression
between the groups (E). Non-CM, n=9; CM, n=9; saline,
n=8. Figure 5. Cardioprotective Properties of CM
Fractions. Myocardial infarct size quantification in
mice treated with saline, <1000 kD fraction of CM or
unfractionated CM. Unfractionated conditioned medium
significantly reduces myocardial infarct size compared
to saline treated animals. The <1000 kDa fraction,
however does not, indicating that the cardioprotective
factor(s) is/are larger than 1000 kDa. Saline, n=10;
<1000 kD, n=8; unfractionated, n=12. * p < 0.01 vs.
saline. Figure 6. Chemically defined medium
conditioned by hESC-MSC HuES9.El cells for three days
was filtered through a 0.22 mfilter. The conditioned
medium (CM) was concentrated 25 times by filtering
through a membrane with a 10 kD MW cut-off. The
concentrated CM was then centrifuged through a
membrane with either a 100 kD or a 300kD MW cut-off
resulting in a 4:1 (vohvol) filtrate to retentate
ratio. The unfractionated CM, filtrate and retentate
samples were loaded in the volume ratio of 5:4:1
Figure 7. Identity of components in the filtrate after
filtration through a membrane with a 100 kD MW cut-off
a) comparison of protein components in filtrate vs
protein components in the non-conditioned medium
(NCM). Conditioned medium (CM), the filtrate after CM
was filtered through membrane with a 100 kD MW cut-off
(100 kD filtrate) and NCM was separated on a SDS-PAGE.
The gel was stained with silver to visualize protein
bands; b) CM was filtered through a 100 kD MW cut-off
membrane to produce a retentate to filtrate volume
ratio of 4:1. The The retentate, filtrate,and the
different protein supplements in the chemically
defined medium, namely insulintransferin-
selenoprotein, FGF2, EGF and PDGF AB were separated on
a SDS-PAGE The retentate and filtrate was loaded in a
volume ratio of 4:1 Figure 8. Relative sizes of
biological materials and pore sizes in membranes.
Reprint from Spectrum(c) Laboratory. Figure 9.
Relative AAR in mice after ischemia/reperfusion.
Myocardial infarction was induced by left coronary
artery (LCA) occlusion by suture ligation for 30
minutes, and reperfusion was initiated by removal of
suture. Five minutes before reperfusion, mice were
treated with tail vein injection of 20 ml
unfractionated MSC-CM (10-220 nm), 20 ml of < 100 or
1,000 kD fraction, 4 ml of >1000 kD retentate or
saline. 24 hours later, the hearts were excised.
Before excision, the Area At Risk (AAR) was determined
by religating the LCA and then perfusing Evans blue
through the aorta. AAR was defined as the area not
stained by the dye and was expressed as a percentage
of the left ventricular wall area. Figure 10. Effects
of conditioned media and fractionated conditioned
media on relative infarct size in mice after
ischemia/reperfusion. After excision of the heart,
infarct size was assessed 24 hours later using TTC and
expressed as a percentage of AAR. Figure 11. Physical
entities of between 50-100nm in diameter were observed
using electron microscopy. Figure 12. Size
fractionation of CM after treatment with Triton X-100,
CM was treated with a final 0.5 or 1.0% (v/v)
TritonX-100 for 30 minutes and then fractionate by
filtration through a membrane with MW cut-off of 100
kD to generate a filtrate:retentate volume ratio of
4:1.Figure 13. Proteins found from MS/MS analysis that
are common to exosomes from different cell types 44.
Figure 14. Cardioprotective Properties of CM
Fractions. Myocardial infarct size quantification in
mice treated with saline, HEK293 conditioned medium,
unfractionated hESC-CM, CM filtered with MWCO of 100
kDa, 300 kDa, 500 kDa, and 1000 kDa or CM concentrated
50 times against membrane with MWCO of 100 kDa
fraction of CM or unfractionated CM. Figure 15.
Immunoprecipitation. CM immunoprecipitated with
anti-CD81 or mouse IgG as negative control. The
immunoprecipitate and supernatant were analysed by
western blot hybridization using antibody against CD9,
AHx, Tsp-1, pyruvate kinase and SODl. 



Figure 16. Ultracentrifugation of CM. CM was
concentrated five times by filtering through a
membrane with MWCO of 500 kDa. The retentate, and the
unfiltered CM were ultracentrifuged at 200,00Og for 2
hour. The supernatant and the pellet were analysed by
western blotting for the presence of CD9. Lane 1-3:
different protein concentration of CM. Lane 4 and 5:
The pellet (P) and supernatant (S) after
ultracentrifugation of unfiltered CM. Lane 6:
Retentate after filteration of CM through a membrane
with MWCO of 500 kDa. Lane 7-8: The pellet (P) and
supernatant (S) after ultracentrifugation of
retentate. Lane 9: Filtrate after after filteration of
CM through a membrane with MWCO of 500 kDa. Figure 17.
Fractionation on sucrose gradient density. A sucrose
density gradient was prepared by layering 14 sucrose
solutions of concentrations from 22.8-60% (w/v) in a
SW60Ti centrifuge tube with the most concentrated
solution at the bottom of the ultracentrifuge tube.
The sample was loaded on top of the gradient and
ultracentrifuged for 16.5 hours at 200,00OX g, 4C in a
SW60Ti rotor (Beckman Coulter Inc.). 13 fractions were
collected from top to the bottom of the sucrose
gradient. The density of each fraction was calculated
by weighing a fixed volume of each fraction. The
fractions were then analysed by western blot analysis
and probed for pyruvate kinase, CD9, CD81 and SODl .
Protein standard molecular weight markers were
fractionated on a similar gradient and the
distribution of the markers in the different fractions
of the sucrose gradient were denoted at the bottom of
the figure a) CM was fractionated, b) CM was treated
with lysis buffer before being fractionated on the
sucrose gradient.Figure 18. Trypsinization of CM. CM
was digested with trypsin for 0, 0.5, 2, 10 and 20
mins. The partially digested CM was analysed for the
presence of CD9 and SODl. Figure 19. Analysis of RNA
in the CM. (a, b) RNA was extracted from MSCs and
MSC-CM. The purified RNA was denatured and separated
on a glyoxal agarose gel and urea-PAGE, respect ively
(c) Equal volume of CM was treated with PBS,
cyclodextrin, lysis buffer or phospholipase A2. The
untreated and treated CM were extracted for RNA. The
RNA was separated on urea-PAGE. (d) RNA from CM was
treated with RNAse III and the treated RNA was
separated in parallel with untreated RNA on a
urea-PAGE. RNA in the gels was visualized by staining
with ethidium bromide. Figure 20. Density of RNA in
the CM. After fractionation of CM, CM pretreated with
lysis buffer and RNA MW standards on a sucrose density
gradient equilibrium centrifugation as described in
figure 4, each fraction was extracted for RNA. a) the
relative RNA yield for each fraction in each sample
was plotted against fraction number. The relative
concentration was normalized to the highest RNA
concentration in each gradient which was arbitrary set
as 100%. b) The RNA extracted from each fraction was
separated on a urea-PAGE. Figure 2 1. RNA was not in
CD81+ exosomes. CD81 immunoprecipitation which also
precipitated CD9 was performed as described in fig 2.
The immunoprecipitate and the supernatant were
extracted for RNA and the extracts were separated on a
urea-PAGE and visualized by ethidium bromide staining.
Figure 22. Microarray analysis of miRNA in the CM. RNA
samples from MSC and the CM were hybridized to
microarray chips containing probes for miRNA
transcripts listed in Sanger miRBase Release 10.1 .
The hybridization was performed using two biological
replicates of each RNA samples, a) 149 miRNA were
detected in MSC and 63 were detected in the CM. Of
these, 47 were expressed at similar levels in both
MSCs and the CM. 16 were expressed at a detectable
level in CM but not in MSC s while 47 were detected in
MSCs but not in the CM. b) Relative expression level
of guide miRNA to its anti-guide miRNA based on
hybridization signal on the microarray chip. Figure
23. HPLC fractionation of CM and NCM. CM and NCM were
fractionated on a HPLC using BioSep S4000, 7.8 mm x 30
cm column. The components in CM or NCM were eluted
with 20 mM phosphate buffer with 150 mM of NaCl at pH
7.2. The elution mode was isocratic and the run time
was 40 minutes. The eluent was monitoredwith an
UV-visible detector set at 220 nm. The % area under
each peak was integrated from the UV-visible detector.
DETAILED DESCRIPTION The present invention is based on
the demonstration that human ESC-derived mesenchymal
stem cells (MSCs) mediate cardioprotective effects
through secreted large complexes of -50-100 nm in
diameter. Such complexes or particles may therefore be
used for therapeutic means, including for
cardioprotection, in place of the cells themselves.
The Examples describe proteomic analysis of these
complexes, revealing the presence of
exosome-associated proteins e.g. CD81, CD9 and Alix
that also coimmunopreciptate, and of membrane and
cytosolic proteins that exhibited detergentsensitive
proteolysis consistent with-membrane-bound and
membrane-encapsulated proteins respectively. The
Examples further demonstrate other properties of these
particles or complexes. We show that proteins of such
particles or complexes have MW-independent 



sedimentation densities of 1.01 6- 1.215 g/ml that
revert to MW-dependent densities upon treatment with a
membrane lysis buffer. The secretion also contains
RNAs (<300 nts) in cholesterol-rich lipid vesicles.
HPLC fractionation and dynamic light scattering
studies further indicate that the only detectable
particles in the secretion within hydrodynamic radius
(rh) range of 1-1000 nm had a rh of 45-55 nm. These
observations together with the presence of membrane
lipids e.g. cholesterol sphingomyelin and
phosphatidylcholine demonstrate that the
cardioprotective complexes in the secretion are
exosomes or secreted lipid vesicles. These mesenchymal
stem cell particles, complexes or exosomes may be used
for a variety of purposes, such as treatment or
prevention for cardiac or heart diseases such as
ischaemia, cardiac inflammation or heart failure. They
may also be used for repair following perfusion
injury. PARTICLE We describe a particle which is
derivable from a mesenchymal stem cell (MSC). The
particle may be derivable from the MSC by any of
several means, for example by secretion, budding or
dispersal from the MSC. For example, the particle may
beproduced, exuded, emitted or shed from the MSC.
Where the MSC is in cell culture, the particle may be
secreted into the cell culture medium. The particle
may in particular comprise a vesicle. The particle may
comprise an exosome. The particles described here may
comprise any one or more of the properties of the
exosomes described herein. The particle may comprise
vesicles or a flattened sphere limited by a lipid
bilayer. The particles may comprise diameters of
40-100 nm. The particles may be formed by inward
budding of the endosomal membrane. The particles may
have a density of -1.13 - 1.19 g/ml and may float on
sucrose gradients. The particles may be enriched in
cholesterol and sphingomyelin, and lipid raft markers
such as GMl , GM3, flotillin and the src protein
kinase Lyn. The particles may comprise one or more
proteins present in mesenchymal stem cells or
mesenchymal stem cell conditioned medium (MSC-CM),
such as a protein characteristic or specific to the
MSC or MSC-CM. They may comprise RNA, for example
miRNA. We provide a particle which comprises one or
more genes or gene products found in MSCs or medium
which is conditioned by culture of MSCs. The particle
may comprise molecules secreted by the MSC. Such a
particle, and combinations of any of the molecules
comprised therein, including in particular proteins or
polypeptides, may be used to supplement the activity
of, or in place of, the MSCs or medium conditioned by
the MSCs for the purpose of for example treating or
preventing a disease. The particle may comprise a
cytosolic protein found in cytoskeleton e.g. tubulin,
actin and actin-binding proteins, intracellular
membrane fusions and transport e.g. annexins and rab
proteins, signal transduction proteins e.g. protein
kinases, 14-3-3 and heterotrimeric G proteins,
metabolic enzymes e.g. peroxidases, pyruvate and lipid
kinases, and enolase-1 and the family of tetraspanins
e.g. CD9, CD63, CD81 and CD82. In particular, the
particle may comprise one or more tetraspanins. The
particles may comprise mRNA and/or microRNA. The term
"particle" as used in this document may be taken to
mean a discrete entity. The particle may be something
that is isolatable from a mesenchymal stem cell (MSC)
or mesenchymal stem cell conditioned medium (MSC-CM).
The particle may be responsible for at least an
activity of the MSC or MSC-CM. The particle may be
responsible for, and carry out, substantially most or
all of the functions of the MSC orMSC-CM. For example,
the particle may be a substitute (or biological
substitute) for the MSC or MSC-CM. The particle may be
used for any of the therapeutic purposes that the MSC
or MSC-CM may be put to use. The particle preferably
has at least one property of a mesenchymal stem cell.
The particle may have a biological property, such as a
biological activity. The particle may have any of the
biological activities of an MSC. The particle may for
example have a therapeutic or restorative activity of
an MSC. The Examples show that media conditioned by
MSCs (such as mesenchymal stem cell conditioned media
or MSC-CM, as described below) comprise biological
activities of MSC and are capable of substituting for
the MSCs themselves. The biological property or
biological activity of an MSC may therefore correspond
to a biological property or activity of an mesenchymal
stem cell conditioned medium. Accordingly, the
particle may comprise one or more biological
properties or activities of a mesenchymal stem cell
conditioned medium (MSC-CM). Mesenchymal Stem Cell
Conditioned Medium (MSC-CM) The conditioned cell
culture medium such as a Mesenchymal Stem Cell
Conditioned Medium (MSC-CM) may be obtained by
culturing a mesenchymal stem cell 



(MSC), a descendent thereof or a cell line derived
therefrom in a cell culture medium; and isolating the
cell culture medium. The mesenchymal stem cell may be
produced by a process comprising obtaining a cell by
dispersing a embryonic stem (ES) cell colony. The
cell, or a descendent thereof, may be propagated in
the absence of co-culture in a serum free medium
comprising FGF2. Mesenchymal Stem Cell Particle The
particle may be produced or isolated in a number of
ways. Such a method may comprise isolating the
particle from a mesenchymal stem cell (MSC). Such a
method may comprise isolating the particle from an
mesenchymal stem cell conditioned medium (MSC-CM). The
particle may be isolated for example by being
separated from non-associated components based on any
property of the particle. For example, the particle
may be isolated based on molecular weight, size,
shape, composition or biological activity.The
conditioned medium may be filtered or concentrated or
both during, prior to or subsequent to separation. For
example, it may be filtered through a membrane, for
example one with a size or molecular weight cut-off.
It may be subject to tangential force filtration or
ultrafiltration. For example, filtration with a
membrane of a suitable molecular weight or size
cutoff, as described in the Assays for Molecular
Weight elsewhere in this document, may be used. The
conditioned medium, optionally filtered or
concentrated or both, may be subject to further
separation means, such as column chromatography. For
example, high performance liquid chromatography (HPLC)
with various columns may be used. The columns may be
size exclusion columns or binding columns. One or more
properties or biological activities of the particle
may be used to track its activity during fractionation
of the mesenchymal stem cell conditioned medium
(MSCCM). As an example, light scattering, refractive
index, dynamic light scattering or UVvisible detectors
may be used to follow the particles. For example, a
therapeutic activity such as cardioprotective activity
may be used to track the activity during
fractionation. The following paragraphs provide a
specific example of how a mesenchymal stem cell
particle such as an exosome may be obtained. A
mesenchymal stem cell particle may be produced by
culturing mesenchymal stem cells in a medium to
condition it. The mesenchymal stem cells may comprise
HuES9.El cells. The medium may comprise DMEM. The DMEM
may be such that it does not comprise phenol red. The
medium may be supplemented with insulin, transferrin,
or selenoprotein (ITS), or any combination thereof. It
may comprise FGF2. It may comprise PDGF AB. The
concentration of FGF2 may be about 5 ng/ml FGF2. The
concentration of PDGF AB may be about 5 ng/ml. The
medium may comprise glutaminepenicillin- streptomycin
or b-mercaptoethanol, or any combination thereof. The
cells may be cultured for about 1, 2, 3, 4, 5, 6, 7,
8, 9, 10 days or more, for example 3 days. The
conditioned medium may be obtained by separating the
cells from the medium. The conditioned medium may be
centrifuged, for example at 500 g. it may be
concentrated by filtration through a membrane. The
membrane may comprise a > 1000 kDa membrame. The
conditioned medium may be concentrated about 50 times
or more.The conditioned medium may be subject to
liquid chromatography such as HPLC. The conditioned
medium may be separated by size exclusion. Any size
exclusion matrix such as Sepharose may be used. As an
example, a TSK Guard column SWXL, 6 x 40 mm or a TSK
gel G4000 SWXL, 7.8 x 300 mm may be employed. The
eluent buffer may comprise any physiological medium
such as saline. It may comprise 20 mM phosphate buffer
with 150 mM of NaCl at pH 7.2. The chromatography
system may be equilibrated at a flow rate of 0.5
ml/min. The elution mode may be isocratic. UV
absorbance at 220 nm may be used to track the progress
of elution. Fractions may be examined for dynamic
light scattering (DLS) using a quasi-elastic light
scattering (QELS) detector. Fractions which are found
to exhibit dynamic light scattering may be retained.
For example, a fraction which is produced by the
general method as described above, and which elutes
with a retention time of 11-13 minutes, such as 12
minutes, is found to exhibit dynamic light scattering.
The T of particles in this peak is about 45-55 nm.
Such fractions comprise mesenchymal stem cell
particles such as exosomes. PARTICLE PROPERTIES The
property of a mesenchymal stem cell may comprise a
property of a medium conditioned by a mesenchymal stem
cell (MSC-CM). Methods of producing such a mesenchymal
stem cell conditioned medium are described elsewhere
in this document and are illustrated in for example
Example 1 below. The property may comprise a
biological property such as a biological activity.
Examples of biological activities include
cardioprotection, reduction of oxidative stress and
reduction of infarct size. 



CARDIOPROTECTION The particle may have a property of
mesenchymal stem cells and/or mesenchymal stem cell
conditioned medium (MSC-CM) comprising
cardioprotection The cardioprotection may comprise
restoration or maintenance of cardiac function during
ischemia and/or reperfusion. Assayfor Cardioprotection
Cardioprotection may for example be assayed using any
one or more of the methods described in Examples 5,
10, 14 and 20.OXIDATIVE STRESS The particle may have a
property of mesenchymal stem cells and/or mesenchymal
stem cell conditioned medium (MSC-CM) comprising the
ability to reduce oxidative stress (or
cytoprotection). Assayfor Oxidative Stress The
reduction of oxidative stress may for example be
assayed using an in vitro assay of hydrogen peroxide
(H2O2)-induced cell death. In summary, hydrogen
peroxide (H2O2)-mediated oxidative stress is induced
in human leukemic CEM cells and cell viability is
monitored by Trypan blue-exclusion. Human leukemic CEM
cells are incubated with particle, conditioned medium
or mesenchymal stem cell (with saline as a control)
and treated with 50 mM H2O2 to induce oxidative
stress. Cell viability is assessed using Trypan Blue
exclusion at 12, 24, 36 and 48 hours after H2O
treatment. The reduction of oxidative stress may
further be assayed using an in vivo assay of DNA
oxidation. In vivo oxidative stress may also be
assayed as follows. Pigs are treated with the
particle, conditioned medium or mesenchymal stem cell
(with saline as a control). Tissue sections of pig
heart are obtained. Nuclear oxidative stress in tissue
sections of treated and untreated pigs is quantified
by 8-OHdG immunostaining for oxidized DNA. The tissue
sections are assayed for intense nuclear staining
indicative of DNA oxidation and oxidative stress.
INFARCT SIZE The particle may have a property of
mesenchymal stem cells and/or mesenchymal stem cell
conditioned medium (MSC-CM) comprising the ability to
reduce infarct size. Assayfor Infarct Size Infarct
size may for example be assayed using any one or more
of the methods described in Examples 6 and 13.
PARTICLE MOLECULAR WEIGHT The particle may have a
molecular weight of greater than 100 kDa. It may have
a molecular weight of greater than 500 kDa. For
example, it may have a molecular weight of greater
than 1000 kDa. The molecular weight may be determined
by various means. In principle, the molecular weight
may be determined by size fractionation and filtration
through amembrane with the relevant molecular weight
cut-off. The particle size may then be determined by
tracking segregation of component proteins with
SDS-PAGE or by a biological assay. Assay of Molecular
Weight by SDS-PAGE The particle may have a molecular
weight of greater than 100 kDa. For example, the
particle may be such that most proteins of the
particle with less than 100 kDa molecular weight
segregate into the greater than 100 kDa molecular
weight retentate fraction, when subject to filtration.
Similarly, when subjected to filtration with a
membrane with a 500 kDa cut off, most proteins of the
particle with less than 500 kDa molecular weight may
segregate into the greater than 500 kDa molecular
weight retentate fraction. This indicates that the
particle may have a molecular weight of more than 500
kDa. Assay of Molecular Weight by Biological Activity
The particle may have a molecular weight of more than
1000 kDa. For example, the particle may be such that
when subject to filtration with a membrane with a
molecular weight cutoff of 1000 kDa, the relevant
biological activity substantially or predominantly
remains in the retentate fraction. Alternatively or in
addition, biological activity may be absent in the
filtrate fraction. The biological activity may
comprise any of the biological activities of the
particle described elsewhere in this document. Assay
of Molecular Weight by Infarct Size For example, the
biological activity may comprise reduction of infarct
size, as assayed in any suitable model of myocardia
ischemia and reperfusion injury. For example, the
biological activity may be assayed in a mouse or pig
model, such as described in the Examples. In summary,
myocardial ischemia is induced by 30 minutes left
coronary artery (LCA) occlusion by suture ligation and
reperfusion is initiated by removal of suture. Mice
are treated with liquid containing the particles (such
as unfractionated MSC-CM), filtrate 



(such as < 100 or 1,000 kD fraction), retentate (such
as >1000 kD retentate) or saline intravenously via the
tail vein, 5 minutes before reperfusion. 24 hours
later, the hearts are excised. Before excision, the
Area At Risk (AAR) is determined by religating the LCA
and then perfusing Evans blue through the aorta.AAR is
defined as the area not stained by the dye and is
expressed as a percentage of the left ventricular wall
area. Infarct size is assessed 24 hours later using
Evans blue and TTC. Where the relative infarct size is
significantly reduced in animals treated with
mesenchymal stem cell conditioned medium (MSC-CM) and
the retentate (such as a >1000 kD) fraction when
compared to saline, this indicates that the particle
has a molecular weight which is higher than the
relevant cutoff of the membrane (e.g., greater than
100O kDa). PARTICLE SIZE The particle may have a size
of greater than 2 nm. The particle may have a size of
greater than 5 nm, 10 nm, 20 nm, 30 nm, 40 nm or 50
nm. The particle may have a size of greater than 100
nm, such as greater than 150 nm. The particle may have
a size of substantially 200 nm or greater. The
particle or particles may have a range of sizes, such
as between 2 nm to 20 nm, 2 nm to 50 nm, 2 nm to 100
nm, 2 nm to 150 nm or 2 nm to 200 nm. The particle or
particles may have a size between 20 nm to 50 nm, 20
nm to 100 nm, 20 nm to 150 nm or 20 nm to 200 nm. The
particle or particles may have a size between 50 nm to
lOOhm, 50hm to 150 nm or 50 nm to 200 nm. The particle
or particles may have a size between 100 nm to 150 nm
or 100 nm to 200 nm. The particle or particles may
have a size between 150 nm to 200 nm. The size may be
determined by various means. In principle, the size
may be determined by size fractionation and filtration
through a membrane with the relevant size cut-off. The
particle size may then be determined by tracking
segregation of component proteins with SDS-PAGE or by
a biological assay. The size may also be determined by
electron microscopy, as described in Example 2 1. The
size may comprise a hydrodynamic radius. The
hydrodynamic radius of the particle may be below 100
nm. It may be between about 30 nm and about 70 nm. The
hydrodynamic radius may be between about 40 nm and
about 60 nm, such as between about 45 nm and about 55
nm. The hydrodynamic radius may be about 50 nm. The
hydrodynamic radius of the particle may be determined
by any suitable means, for example, laser diffraction
or dynamic light scattering. An example of a dynamic
light scattering method to determine hydrodynamic
radius is set out in Example 33 below.COMPOSITION The
particle may comprise one or more proteins secreted by
a mesenchymal stem cell. The particle may comprise one
or more proteins present in mesenchymal stem cell
conditioned medium (MSC-CM). For example, the particle
may comprise 10% or more, 20% or more, 30% or more,
40% or more, 50% or more, 60% or more or 70% or more
of these proteins. The particle may comprise
substantially about 75% of these proteins. The
proteins may be defined by reference to a list of
proteins or gene products of a list of genes. Proteins
The proteins may be selected from those set out in
Table Dl below. Table Dl comprises the following
proteins numbered 1 to 250, as well as the "proteins
with unidentified functions", in the paragraphs below:
1. IPI00021428 Actin, alpha skeletal muscle; 2. IPI004
14057 Actin alpha 1 skeletal muscle protein; 3.
IPI00008603 Actin, aortic smooth muscle; 4.
IPI00021439 Actin, cytoplasmic 1; 5. IPI00023006
Actin, alpha cardiac; 6. IPI00021440 Actin,
cytoplasmic 2; 7. IPI00025416 Actin, gamma-enteric
smooth muscle; 8. IPI00479925 agrin; 9. IPIOOOl 5 102
CD166 antigen precursor; 10. IPI00007423 Acidic
leucine-rich nuclear phosphoprotein 32 family member
B; 11. IPI00413331 36 kDa protein; 12. IPI00412577 34
kDa protein; 13. IPI00413506 33 kDa protein; 14.
IPI00418169 Hypothetical protein DKFZp686P03159; 15.
IPI00003815 Rho GDP-dissociation inhibitor 1; 16.
IPI00004656 Beta-2-microglobulin precursor; 17. IPI002
18042 Splice Isoform BMP 1-5 of Bone morphogenetic
protein 1 precursor; 18. IPI00009054 Splice Isoform
BMPl -3 of Bone morphogenetic protein 1 precursor; 19.
IPIOOO 14021 Splice Isoform BMPl-I of Bone
morphogenetic protein 1 precursor; 20. IPI002 18040
Splice Isoform BMP 1-4 of Bone morphogenetic protein 1
precursor; 2 1. IPI00006980 Protein C14orfl66; 22.
IPI00296165 Complement CIr subcomponent precursor; 23.
IPIOO 152540 OTTHUMPOOOOOO16748; 24. IPI00305064
Splice Isoform CD44 of CD44 antigen precursor; 25.
IPI00297160 Hypothetical protein DKFZp451K1918; 26.
IPI00293539 Splice Isoform 2 of Cadherin-1 1
precursor; 27. IPI00304227 Splice Isoform 1 of
Cadherin-1 1 precursor; 28. IPI00386476 Cadherin 11,
type 2, isoform 1 preproprotein; 29. 



IPI00024046 Cadherin- 13 precursor;30. IPI00290085
Neural-cadherin precursor; 3 1. IPI00029739 Splice
Isoform 1 of Complement factor H precursor; 32. IPIOOO
1201 1 Cofilin, non-muscle isoform; 33. IPI00007257
calsyntenin 1 isoform 2; 34. IPI002 18539 Splice
Isoform B of Collagen alpha-l(XI) chain precursor; 35.
IPI00477350 Collagen, type XI, alpha 1; 36.
IPI00329573 Splice Isoform Long of Collagen alpha-
1(XII) chain precursor; 37. IPI00221384 Splice Isoform
Short of Collagen alpha-l(XII) chain precursor; 38.
IPI00400935 Collagen alpha- 1(XVI) chain precursor;
39. IPI00297646 Collagen alpha- 1(1) chain precursor;
40. IPI00164755 Prepro-alpha2(I) collagen precursor;
41. IPI00304962 Collagen alpha-2(I) chain precursor;
42. IPI00021033 Collagen alpha-l(III) chain precursor;
43. IPIOO 167087 COL3 A1 protein; 44. IPI0002 1034
Collagen alphal( IV) chain precursor; 45. IPI00479324
alpha 2 type IV collagen preproprotein; 46.
IPI00306322 Collagen alpha-2(IV) chain precursor; 47.
IPI00303313 Collagen alpha-l(V) chain precursor; 48.
IPI0047761 1 184 kDa protein; 49. IPI00293881 COL5A2
protein; 50. IPIOOOl 8279 Collagen alpha-3(V) chain
precursor; 51. IPI00291 136 Collagen alpha- 1(VI)
chain precursor; 52. IPI00304840 Splice Isoform 2C2 of
Collagen alpha-2(VI) chain precursor; 53. IPI00220613
Splice Isoform 2C2A of Collagen alpha-2(VI) chain
precursor; 54. IPI00022200 alpha 3 type VI collagen
isoform 1 precursor; 55. IPI000729 18 alpha 3 type VI
collagen isoform 4 precursor; 56. IPI00220701 Splice
Isoform 2 of Collagen alpha-3(VI) chain precursor; 57.
IPI00072917 alpha 3 type VI collagen isoform 3
precursor; 58. IPI00021 828 Cystatin B; 59.
IPI00007778 Di-Nacetylchitobiase precursor; 60.
IPI00295741 Cathepsin B precursor; 61. IPI00299219
Protein CYR61 precursor; 62. IPI005 14900 42 kDa
protein; 63. IPI00333770 Similar to Dedicator of
cytokinesis protein 10; 64. IPI00478332 Similar to
Dedicator of cytokinesis protein 9; 65. IPI00000875
Elongation factor 1-gamma; 66. IPI00465248
Alpha-enolase; 67. IPIOOO 13769 Alpha-enolase, lung
specific; 68. IPI00216171 Gamma-enolase; 69.
IPI00218803 Splice Isoform B of Fibulin-1 precursor;
70. IPI00296537 Splice Isoform C of Fibulin-1
precursor; 71. IPI003281 13 Fibrillin-1 precursor; 72.
IPI00019439 fibrillin 2 precursor; 73. IPI00385645
Splice Isoform 2 of Fibroblast growth factor 17
precursor; 74. IPI00216602 Splice Isoform 5 of
Fibroblast growth factor receptor 2 precursor; 75.
IPI002 16604 Splice Isoform 8 of Fibroblast growth
factor receptor 2 precursor; 76. IPI00034099
Hypothetical protein FLJ21918; 77. IPI00333541
Filamin-A; 78. IPI00302592 Filamin A, alpha; 79.
IPI00339227Hypothetical protein DKFZp68601 166; 80.
IPI004 14283 Fibronectin precursor (FN)
(Cold-insoluble globulin) (CIG). Splice isoform 3; 81.
IPI00339225 Splice Isoform 5 of Fibronectin precursor;
82. IPI00339319 Splice Isoform 11 of Fibronectin
precursor; 83. IPI00556632 Splice Isoform 12 of
Fibronectin precursor; 84. IPI0041 1462 Hypothetical
protein DKFZp686B18150; 85. IPI00029723
Follistatin-related protein 1 precursor; 86.
IPI00005401 Polypeptide
N-acetylgalactosaminyltransferase 5; 87. IPI00219025
Glutaredoxin-1; 88. IPI0017141 1 Golgi phosphoprotein
2; 89. IPI00026314 Gelsolin precursor; 90. IPI00219757
Glutathione S-transferase P; 91. IPI00027569
Heterogeneous nuclear ribonucleoprotein C-like 1; 92.
IPI00003881 HNRPF protein; 93. IPI00442294 Splice
Isoform 1 of Neurotrimin precursor; 94. IPI00003865
Splice Isoform 1 of Heat shock cognate 7 1 kDa
protein; 95. IPI00037070 Splice Isoform 2 of Heat
shock cognate 7 1 kDa protein; 96. IPI00220362 10 kDa
heat shock protein, mitochondrial; 97. IPI00024284
Basement membrane-specific heparan sulfate
proteoglycan core protein precursor; 98. IPI00297284
Insulin-like growth factor binding protein 2
precursor; 99. IPI00297284 Insulin-like growth factor
binding protein 2 precursor; 100. IPI00029236
Insulin-like growth factor binding protein 5
precursor; 101. IPI00029236 Insulin-like growth factor
binding protein 5 precursor; 102. IPI00029235
Insulin-like growth factor binding protein 6
precursor; 103. IPI00029235 Insulin-like growth factor
binding protein 6 precursor; 104. IPI00016915
Insulin-like growth factor binding protein 7
precursor; 105. IPIOOO 169 15 Insulin-like growth
factor binding protein 7 precursor; 106. IPI00328163
KALPHA- I protein; 107. IPI00021396 Vascular
endothelial growth factor receptor 2 precursor; 108.
IPI00298281 Laminin gamma- 1 chain precursor; 109.
IPI00219219 Galectin-1; 110. IPI00023673 Galectin-3
binding protein precursor; 111. IPI00021405 Splice
Isoform A of Lamin-A/C; 112. IPI002 16953 Splice
Isoform ADeltalO of Lamin- A/C; 113. IPI00180173
PREDICTED: similar to tropomyosin 4 ; 114. IPI00401614
PREDICTED: similar to FKSG30; 115. IPI00374397
PREDICTED: similar to tropomyosin 4; 116. IPI00374732
PREDICTED: similar to PPIA protein; 117. IPI00402104
PREDICTED: similar to peptidylprolyl isomerase A
isoform 1; cyclophilin A; peptidyl-pro; 118.
IPI0045541 5 PREDICTED: similar to Heterogeneous
nuclear ribonucleoprotein C-like dJ845O24.4; 119.
IPI00454722 PREDICTED: similar
toPhosphatidylethanolamine-binding protein; 120.
IPI00454852 PREDICTED: similar to
Teratocarcinoma-derived growth factor 1; 121.
IPI00002802 Protein-lysine 6-oxidase precursor; 122.
IPI00410152 latent 



transforming growth factor beta binding protein 1
isoform LTBP-IL; 123. IPI00220249 Latent transforming
growth factor beta-binding protein, isoform IL
precursor; 124. IPI00220249 Latent transforming growth
factor beta-binding protein, isoform IL precursor ";
125. IPI00410152 latent transforming growth factor
beta binding protein 1 isoform LTBP-IL; 126.
IPI00020986 Lumican precursor; 127. IPI00291006 Malate
dehydrogenase, mitochondrial precursor; 128.
IPI00005707 Macrophage mannose receptor 2 precursor;
129. IPI00020501 Myosin- 11; 130. IPIOOOl 9502
Myosin-9; 131 . IPI00604620 Nucleolin; 132.
IPI00220740 Splice Isoform 2 ofNucleophosmin; 133.
IPI002 19446 Phosphatidylethanolamine-binding protein;
134. IPI00299738 Procollagen C-endopeptidase enhancer
1 precursor; 135. IPIOOOl 5902 Beta platelet-derived
growth factor receptor precursor; 136. IPI00216691
Profilin-1; 137. IPI00169383 Phosphoglycerate kinase
1; 138. IPI00219568 Phosphoglycerate kinase, testis
specific; 139. IPI00296180 Urokinase-type plasminogen
activator precursor; 140. IPI00215943 Splice Isoform 3
of Plectin 1; 141. IPI002 15942 Splice Isoform 2 of
Plectin 1; 142. IPIOOO 14898 Splice Isoform 1 of
Plectin 1; 143. IPI00398777 plectin 1 isoform 8; 144.
IPI00398776 plectin 1 isoform 7; 145. IPI00186711
plectin 1 isoform 6; 146. IPI00420096 plectin 1
isoform 3; 147. IPI00398779 plectin 1 isoform 11; 148.
IPI00398778 plectin 1 isoform 10; 149. IPI00398002
plectin 1 isoform 1; 150. IPI004 19585 Peptidyl-prolyl
cis-trans isomerase A; 151. IPI00472718 peptidylprolyl
isomerase A isoform 2; 152. IPI00000874
Peroxiredoxin-1; 153. IPI00024915 Peroxiredoxin-5,
mitochondrial precursor; 154. IPI00375306
peroxiredoxin 5 precursor, isoform b; 155. IPI00012503
Splice Isoform Sapmu- 0 of Proactivator polypeptide
precursor; 156. IPI00374179 proteasome activator
subunit 1 isoform 2 ; 157. IPI00030154 Proteasome
activator complex subunit 1; 158. IPI00168812 PTK7
protein tyrosine kinase 7 isoform d precursor; 159.
IPI00419941 PTK7 protein tyrosine kinase 7 isoform a
precursor; 160. IPI00003590 Quiescin Q6, isoform a;
161. IPIOOOl 591 6 Bone-derived growth factor
(Fragment); 162. IPI00015916 Bone-derived growth
factor; 163. IPI00298289 Splice Isoform 2 of
Reticulon-4; 164. IPI00021766 Splice Isoform 1 of
Reticulon-4; 165. IPI00013895 Calgizzarin; 166.IPIOOO
10402 Hypothetical protein; 167. IPI002 18733
Superoxide dismutase; 168. IPI00014572 SPARC
precursor; 169. IPI00005614 Splice Isoform Long of
Spectrin beta chain, brain 1; 170. IPI00008780
Stanniocalcin-2 precursor; 171. IPI00301288 SEL-OB
protein; 172. IPI00216138 Transgelin; 173. IPI00018219
Transforming growth factorbeta- induced protein ig-h3
precursor; 174. IPI00304865 transforming growth
factor, beta receptor III "; 175. IPI00296099
Thrombospondin-1 precursor; 176. IPI00032292
Metalloproteinase inhibitor 1 precursor; 177.
IPI00027166 Metalloproteinase inhibitor 2 precursor;
178. IPI00220828 Thymosin beta-4; 179. IPI00180240
thymosin-like 3; 180. IPI00299633 OTTHUMP00000031270
(Fragment); 181. IPI00465028 Triosephosphate isomerase
1 variant (Fragment); 182. IPI00451401 Splice Isoform
2 of Triosephosphate isomerase; 183. IPIOOO 10779
Tropomyosin 4; 184. IPI002 16975 Splice Isoform 2 of
Tropomyosin alpha-4 chain; 185. IPI00180675 Tubulin
alpha-3 chain; 186. IPI002 18343 Tubulin alpha-6
chain; 187. IPI002 16298 Thioredoxin; 188. IPI00472175
CDNA FLJ46672 fis, clone TRACH3009008, highly similar
to Thioredoxin reductase; 189. IPI00450472
Ubiquitin-conjugating enzyme E2I; 190. IPIOOO 18352
Ubiquitin carboxyl-terminal hydrolase isozyme Ll; 191.
IPIOOO 10207 Ubiquitin-fold modifier 1 precursor; 192.
IPI00260630 URB; 193. IPI00021263 14-3-3 protein
zeta/delta; 194. IPI00642991 Hypothetical protein
DKFZp686F10164; 195. IPI00470919 Hypothetical protein
DKFZp686K08164; 196. IPI007 19088 collagen, type VI,
alpha 1 precursor; 197. IPI00654685 Similar to SPARC
precursor; 198. IPI0064 196 1 Collagen, type XII,
alpha 1; 199. IPI00645849 Extracellular matrix protein
1; 200. IPI00554786 Thioredoxin reductase 1; 201.
IPI00645018 Plasminogen activator, urokinase; 202.
IPI00552339 Tissue inhibitor of metalloproteinase 1;
203. IPI00642997 Actin, cytoplasmic 2; 204.
IPI00719778 Similar to Annexin A2; 205. IPI00647915
Transgelin 2; 206. IPI00552815 Collagen, type V, alpha
1; 207. IPI0055298 1 CDNA PSEC0266 fis, clone
NT2RP3003649, highly similar to Homo sapiens
fibulin-lD mRNA; 208. IPI00180776 29 kDa protein; 209.
IPI00552416 Filamin A, alpha; 210. IPI00640698 Actin,
gamma-enteric smooth muscle; 2 11. IPI005 14530 Actin,
alpha 1, skeletal muscle; 212. IPI00556442
Insulin-like growth factor binding protein 2 variant
(Fragment); 213. IPI00513782 Gelsolin; 214.
IPI00478731 29 kDa protein; 215. IPI00396479 24 kDa
protein; 216. IPI00334627 39 kDa protein; 217.
IPI00555762 PTK7 protein tyrosine kinase 7 isoform a
variant (Fragment); 218. IPI00658202 97 kDa protein;
219. IPI00006273 CYR61 protein; 220. IPI00719405 TMSL6
protein; 221. IPI00658096 Thymosin beta-4; 222.
IPI00376163 5 kDa protein; 223. IPI00556217 Fibrillin
1 variant (Fragment); 224. IPI00514817 Similar to
Lamin A/6; 225. IPI00644087 Progerin; 226. IPI00655812
Rhabdomyosarcoma antigen MU-RMS-40.12; 227.
IPI00604517 Similar to Nucleolin; 228. IPI00444262
CDNA FLJ45706 fis, clone FEBRA2028457, highly similar 



to Nucleolin; 229. IPI004 12473 Protein; 230. IPI004
14489 Protein; 231. IPI0041 1463 Protein; 232.
IPI00556415 Transgelin variant (Fragment); 233.
IPI00718825 Calmodulin; 234. IPI00478156 17 kDa
protein; 235. IPI00386621 CALM3 protein; 236.
IPI00647001 Acidic; 237. IPI00642650 Similar to
Stanniocalcin 2 precursor; 238. IPI00641471
Collagen-like protein; 239. IPI005 14669 SH3 domain
binding glutamic acid-rich protein like 3; 240.
IPI00719422 Triosephosphate isomerase (Fragment); 241.
IPI00003734 Putative SlOO calcium-binding protein
H_NH0456N16.1; 242. IPI00029574 11 kDa protein; 243.
IPI00641047 Gelsolin; 244. IPI00647556 Gelsolin; 245.
IPI00654821 hypothetical protein LOC54845 isoform 1;
246. IPI00647572 Dickkopf related protein-3 precursor;
247. IPI00639879 Similar to Cytokinesis protein sepA;
248. IPI00657746 Similar to Dedicator of cytokinesis
protein 8; 249. IPI00555993 Vascular endothelial
growth factor receptor 3 variant; 250. IPI00552545
Dedicator of cytokinesis protein 8. Proteins with
unidentified functions: IPI00642991 Hypothetical
protein DKFZp686F 10164; IPI00470919 Hypothetical
protein DKFZp686K08164; IPI00654685 Similar to SPARC
precursor; IPI0071 9778 Similar to Annexin A2;
IPI00552981 CDNA PSEC0266 fis, clone NT2RP3003649,
highly similar to Homo sapiens fibulin-lD mRNA; IPIOOl
80776 29 kDa protein; IPI00478731 29 kDa protein;
IPI00396479 24 kDa protein; IPI00334627 39 kDa
protein; IPI00658202 97 kDa protein; IPI00376163 5 kDa
protein; IPI00514817 Similar to Lamin A/C; IPI00644087
Progerin; IPI00655812 Rhabdomyosarcoma antigen
MU-RMS-40.12; IPI00604517 Similar to Nucleolin;
IPI00444262 CDNA FLJ45706 fis, clone FEBRA2028457,
highly similar to Nucleolin; IPI004 12473 Protein;
IPI004 14489 Protein; IPI0041 1463 Protein;
IPI00478156 17 kDa protein; IPI00386621 CALM3 protein;
IPI00647001 Acidic; IPI00642650 Similar to
Stanniocalcin 2 precursor; IPI00641471 Collagen-like
protein; IPI00514669 SH3 domain binding glutamic
acid-rich protein like 3; IPI00003734 Putative SlOO
calcium-binding protein H NH0456N16.1; IPI00029574 11
kDa protein; IPI00654821 hypothetical protein LOC54845
isoform 1; IPI00647572 Dickkopf related protein-3
precursor; IPI00639879Similar to Cytokinesis protein
sepA ; IP100657746 Similar to Dedicator of cytokinesis
protein 8 ; IPI00555993 Vascular endothelial growth
factor receptor 3 variant. Gene Products The proteins
may be selected from the gene products of the genes
set out in Table D2 below. Table D2 comprises the
following genes in the paragraphs below: ACTAl;
COL5A2; HSPA8; PSAP; ACTA2; COL5A3; HSPEl; PSMEl;
ACTB; COL6A1; HSPG2; PTK7; ACTC; COL6A2; IGFBP2;
QSCN6; ACTGl; COL6A3; IGFBP5; RTN4; ACTG2; CSTB;
IGFBP6; SlOOAl 1; AGRN; CTBS; IGFBP7; SH3BGRL3; ALCAM;
CTSB; K-ALPHA-I; SODl; ANP32B; CYR61; KDR; SPARC;
ANXA2; DOCKlO; LAMCl; SPTBNl; ARHGDIA; DOCK8; LGALSl;
STC2; B2M; ECMl; LGALS3BP; SVEPl; BMPl; EEFlG; LMNA;
TAGLN ; C14orfl66; ENOl; LOX; TAGLN2; ClR; ENOlB;
LTBPl; TGFBI; CALMl; ENO2; LUM; TGFBR3; CD109; FBLNl;
MDH2; THBSl; CD44; FBNl; MRC2; TIMPl; CDHI l ; FBN2;
MYHl 1; TIMP2; CDH13; FGF 17; MYH9; TMSB4X; CDH2;
FGFR2; NCL; TMSL3; CFH/HF1; FLJ21 918; NPMl; TMSL6;
CFLl; FLNA; PBP; TPIl; CLSTNl; FNl; PCOLCE; TPM4; COLI
lAl; FSTLl; PDGFRB; TUBA3; COL12A1; GALNT5; PFNl;
TUBA6; C0L16A1; GLRX; PGKl; TXN; COLlAl; GOLPH2; PGK2;
TXNRDl; COL1A2; GSN; PLAU; UBE2I; COL3A1; GSTPl;
PLECl; UCHLl; C0L4A1; HNRPCLl; PPIA; UFMl; COL4A2;
HNRPF; PRDXl; URB; C0L5A1; HNT; PRDX5; YWHAZ. 201
Genes in 58 Biological Processes The particle may
additionally, or alternatively, comprise any of the
gene products of the 201 genes listed below in Table
D3. These genes are characterised according to a
biological process the gene is involved in.
Accordingly, the particle may be employed to affect,
control or regulate any of these 58 biological
processes. AngiogenesisFLUID SAVING BLOWOUT PREVENTER
OPERATOR SYSTEM CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] Not applicable. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not applicable. BACKGROUND OF THE INVENTION
10003] The invention relates to methods and apparatus
for controlling pressure within a wellbore. In
particular, certain embodiments of the invention
comprise methods and apparatus for operating e
ram-type blowout preventers. [00041 Blowout preventers
are used in hydrocarbon drilling and production
operations as a safety device that closes, isolates,
and seals the wellbore. Blowout preventers are
essentially 



large valves that are connected to the wellhead and
comprise closure members capable of sealing and
closing the well in order to prevent the release of
high-pressure gas or liquids from the well. One type
of blowout preventer used extensively in both low and
high-pressure applications is a ram-type blowout
preventer. A ram-type blowout preventer uses two
opposed closure members, or rams, disposed within a
specially designed housing, or body. The blowout
preventer body has bore that is aligned with the
wellbore. Opposed cavities intersect the bore and
support the rams as they move into and out of the
bore. A bonnet is connected to the body on the outer
end of each cavity and supports an operator system
that provides the force required to move the rams into
and out of the bore. (0005] The rams are equipped with
sealing members that engage to prohibit flow through
the bore when the rams are closed. The rams may be
pipe rams, which are configured to close and seal an
annulus around a pipe that is disposed within the
bore, or may be blind rams or shearingblind rams,
which are configured to close and seal the entire
bore. A particular drilling application may require a
variety of pipe rams and blind rams. Therefore, in
many applications multiple blowout preventers are
assembled into blowout preventer stacks that comprise
a plurality of ram-type blowout preventers, each
equipped with a specific type of ram. 10006] Ram-type
blowout preventers are often configured to b e
operated using pressurized hydraulic fluid to control
the position of the closure members relative to the
bore. Although most blowout preventers are coupled to
a fluid pump or some other active source of
pressurized hydraulic fluid, many applications require
a certain volume of pressurized hydraulic fluid to be
stored and immediately available to operate the
blowout preventer in the case of emergency. For
example, many subsea operating specifications require
a blowout preventer stack to be able to cycle (i.e.,
move a closure member between the extended and
retracted position) several times using only
pressurized fluid stored on the stack assembly. In
high-pressure, large blowout preventer stack
assemblies, several hundred gallons of pressurized
fluid may have to be stored on the stack, creating
both size and weight issues with the system. [0007]
Because many subsea drilling applications require the
use of large diameter, high pressure blowout
preventers, the height, weight, and hydraulic fluid
requirements of these blowout preventers is an
important criteria in the design of the blowout
preventers and of the drilling rigs that operate them.
Thus, the embodiments of the present invention are
directed to ram-type blowout preventers that that seek
to overcome these and other limitations of the prior
art. SUMMARY OF THE PREFERRED EMBODIMENTS (00081
Certain embodiments of the present invention include a
hydraulic blowout preventer operator that comprises a
piston rod having one end coupled to a closure member.
The operator further comprises an operator housing
having one end coupled to a bonnet and a second end
coupled to a head. The piston rod extends through the
bonnet into the operator housing whereit is coupled to
a piston that is disposed within the operator housing.
The piston comprises a body and a flange. A flange
seal is disposed on the flange and is sealingly
engaged with the operator housing. A body seal is
disposed on the body and is sealingly engaged with the
operator housing. The flange seal has a sealing
diameter greater than a sealing diameter of the body
seal. [0009] Thus, the exemplary embodiments of
present invention comprise a combination of features
and advantages that enable substantial enhancement of
the operation and control of a ram-type blowout
preventer. These and various other characteristics and
advantages of the present invention will be readily
apparent to those skilled in the art upon reading the
following detailed description of the preferred
embodiments of the invention and by referring to the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS [0010] For a more detailed understanding of
the present invention, reference is made to the
accompanying Figures, wherein: [0011] Figure 1 is a
ram-type blowout preventer constructed in accordance
with embodiments of the present invention; [0012]
Figure 2 is a cross-sectional view of a hydraulic
operator in a retracted position and constructed in
accordance with embodiments of the present invention;
[0013] Figure 3 is a cross-sectional view of the
hydraulic operator of Figure 2 shown in an extended,
unlocked position; [0014] Figure 4 is a
cross-sectional view of the hydraulic operator of
Figure 2 shown in an extended and locked position;
[0015] Figure 5 is an isometric view of a double ram
blowout preventer constructed in accordance with
embodiments of the present invention;[0016} Figure 6
is a schematic comparison view of a single cylinder
operator and a parallel dual cylinder operator; [0017]
Figure 7 is a cross-sectional view of a dual cylinder
hydraulic operatof constructed in accordance with
embodiments of the present invention; [0018} Figure 8
is a cross-sectional view of the dual cylinder
hydraulic operator of claim 7; {0019] Figure 9 is a
partial cross sectional view of a motor and
transmission for a dual cylinder 



hydraulic operator constructed in accordance with
embodiments of the present invention; f0020] Figure 10
is an end view of the operator of Figure 9; and (0021]
Figure 11 is a blowout preventer stack assembly.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0022] In the description that follows, like parts are
marked throughout the specification and drawings with
the same reference numerals, respectively. The drawing
figures are not necessarily to scale. Certain features
of the invention may b e shown exaggerated in scale or
in somewhat schematic form and some details of
conventional elements may not be shown in the interest
of clarity and conciseness. (0023 Referring now to
Figure 1, blowout preventer 10 comprises body 12,
bonnets 14, operator systems 16, and closure members
17. Body 12 comprises bore 18, opposed cavities 20,
and upper and lower bolted connections 22 for
assembling additional components above and below
blowout preventer 10, such as in a blowout preventer
stack assembly. Bonnets 14 are coupled to body 12 by
connectors 24 that allow the bonnets to be removed
from the body to provide access to closure members 17.
Operator systems 16 are mounted to bonnets 14 and
utilize a hydraulic piston 26 and cylinder 28
arrangements to move closure members 17 through
cavities 20, into and out of bore 18. {0024J Figures
2-4 illustrate one embodiment of an operator system
that reduces the volume of fluid needed to cycle the
operator by utilizing significantly less hydraulic
fluid to retractthan to extend. Operator system 30 is
mounted to bonnet 32 and is coupled to closure member
34. Operator system comprises piston rod 36, piston
38, operator housing 40, head 42, sliding sleeve 44,
and lock rod 46. Piston 38 comprises body 48 and
flange 50. Body seal 52 circumferentially surrounds
body 48 and sealingly engages operator housing 40.
Flange seal 54 circumferentially surrounds flange 50
and sealingly engages operator housing 40. The sealing
diameter of flange seal 54 is larger than the sealing
diameter of body seal 52. [0025] The engagement of
body seal 52 and flange seal 54 with operator housing
40 divides the interior of the operator into three
hydraulically isolated chambers, extend chamber 56,
slack fluid chamber 60, and retract chamber 64. Extend
chamber 56 is formed between head 42 and flange seal
54. Extend port 58 provides hydraulic communication
with extend chamber 56. Slack fluid chamber 60 is
formed in the annular region defined by operator
housing 40 and piston 38 in between body seal 52 and
flange seal 54. Slack fluid port 62 provides hydraulic
communication with slack fluid chamber 60. Retract
chamber 64 is formed in the annular region defined by
operator housing 40 and piston 38 in between body seal
52 and bonnet 32. Retract port 66 provides fluid
communication with retract chamber 64. [00261 I
general, extend chamber 56 and retract chamber 64 are
in fluid communication with a hydraulic fluid supply
that is regulated by a control system. Depending on
the configuration of the hydraulic fluid supply and
control system, fluid expelled from the extend chamber
56 and retract chamber 64 may be recycled into the
hydraulic fluid supply or may be vented to the
surrounding environment. Slack fluid chamber 60 may be
pressure balanced with the surrounding environment
such that the fluid pressure within the slack chamber
does not resist movement of piston 38. In certain
embodiments, slack fluid chamber 60 is left open to
the surrounding environment or coupled to a pressure
compensation system that maintains the balanced
pressure within the slack fluid chamber.J0027] In
Figure 2, operator system 30 is shown in a retracted
position where piston 38 is disposed against head 42.
Supplying pressurized hydraulic fluid to extend port
58 actuates operator system 30 and moves piston 38
toward bonnet 32. As piston 38 moves toward bonnet 32,
fluid within slack' fluid chamber 60 is pushed through
slack fluid port 62 and fluid within retract chamber
64 is pushed through retract port 66. The fluid pushed
from slack fluid chamber 60 and retract chamber 64 may
be retained in a hydraulic reservoir or ejected to the
surrounding environment. As hydraulic fluid is
supplied to extend chamber 56, piston 38 will continue
to move until the piston contacts bonnet 32, as is
shown in Figure 3. [0028] Because piston 38 must move
the same axial distance during extension and
retraction, the difference in fluid requirements is
achieved by using a smaller diameter hydraulic area
for retraction than extension. This imbalance of fluid
requirements results in a reduced total volume of
fluid that is required to cycle the operator system
between an extended and a retracted position. The
reduction in required fluid volume may be of special
interest in subsea applications where performance
requirements necessitate the storage of large volumes
of fluid with the blowout preventer assembly. Reducing
the volume of fluid needed to move the operator system
to the retracted position reduces the volume of fluid
that needs to be stored with the blowout preventer
assembly. [00291 Using a smaller diameter hydraulic
area for retraction has the added benefit of
generating less force during retraction. In certain
situations, the force generated by the operator system
in moving to the retracted position is insufficient to
move the closure member but exceeds design loads for
certain components of the system. In these situations,
if the operator system is actuated some components
within the system may fail. Therefore, 



reducing the force generated during retraction helps
to minimize damage when the operator system attempts,
but fails to retract a closure member and helps
prevent unintentional release of hydrocarbons by
preventing the opening of the closure member when
under pressure.[0030] Although operator 30 is actuated
by hydraulic pressure, many applications also require
a mechanical lock in order to maintain the position of
the closure member in the case of loss of hydraulic
pressure. In order to positively lock piston 38 in
position, sliding sleeve 44 is rotationally fixed
relative to piston 38 and threadably engaged with lock
rod 46, which is rotatably coupled to head 42. Sliding
sleeve 44 moves axially relative to lock rod 46 when
the lock rod is rotated. [0031] Referring now to
Figure 4, once piston 38 moves toward bonnet 32 lock
rod 46 is rotated. The threaded engagement of lock rod
46 and sliding sleeve 44 causes the sleeve to move
axially relative to the lock rod. Lock rod 46 is
rotated until sleeve 44 contacts shoulder 68 of piston
38 as is shown in Figure 4. Sliding sleeve 44 will
engage and piston 38 and prevent the movement of the
piston away from bonnet 32 [00321 The threaded
engagement of lock rod 46 and sliding sleeve 44 is
'self-locking' to the extent that axial force on the
sliding sleeve will not rotate the sleeve relative to
the lock rod. Thus, when sliding sleeve 44 is in
contact with shoulder 68, piston 38 is prevented from
moving away from bonnet 32. Once sliding sleeve 44 is
engaged with shoulder 68, the pressure within extend
chamber 60 can be reduced and piston 38 will remain in
the extended position. In this manner, sliding sleeve
44 and lock rod 46 operate as a locking system that
can be engaged to prevent closure member 34 from
opening unintentionally. Although only shown in the
fully extended and locked position, sliding sleeve 44
can engage and lock against piston 38 in any position.
[0033] In order to move operator system 30 back to the
retracted position of Figure 2, hydraulic pressure is
first applied to extend chamber 56. This removes any
axial compressive load from sliding sleeve 44 and lock
rod 46 and allows the lock rod to be rotated. The
rotation of lock rod 46 moves sliding sleeve 44 away
from shoulder 68. Hydraulic pressurecan then be
applied to retract chamber 64 so as to move piston 38
back toward the retracted position of Figure 1. [0034]
Lock rod 46 can be rotated by a variety of electric
motors, hydraulic motors, or other rotating devices.
In certain embodiments, the motor is a hydraulic motor
that can provide 15,000 inch-pounds of torque. In
Figure 3, lock rod 46 is coupled to motor 72 via
transmission system 70 that transfers motion from the
motor to the lock rod. Figure 4 shows motor 72 being
directly linked to lock rod 46 without a transmission
system. In certain embodiments, both system 70 of
Figure 3 and motor 72 of Figure 4 are equipped with
backup systems that allow manual operation of lock rod
46, such as by a remotely operated vehicle (ROV). The
ROV could be used to supply hydraulic fluid or
electrical power to operate motor 72 or could be used
to directly rotate lock rod 46. {0035] As discussed
previously, operator system 30 can operate effectively
while utilizing a smaller hydraulic area for
retraction than for extension because less force is
required to retract closure member 34 than to extend
the closure member into the wellbore. The maximum
diameter of the operator system for a ram-type blowout
preventer is often determined by the hydraulic
pressure area that is required to close the wellbore
under full working pressure. In high-pressure
applications, the diameter of the operating system is
often larger than the height of the bonnet that is
coupled to the blowout preventer body. As many
ram-type blowout preventers are constructed with
multiple rams operating in a single body with multiple
cavities, the diameter of the operator system often
determines the overall height of the assembly as the
individual cavity openings must be spaced apart to
allow clearance for the operator assemblies. [0036]
Figure 5 illustrates a double ram blowout preventer 80
comprising parallel dual cylinder operators 82 coupled
to body 84 by bonnets 86. Operators 82 utilize two
smaller diameter hydraulic cylinders to provide an
equivalent closing force to a single, largerdiameter
hydraulic cylinder. Using smaller diameter hydraulic
cylinders allows adjacent bonnets 86 to be located
close together so that blowout preventer body 84 has a
minimum height as measured between upper connection 85
and lower connection 87. 10037) The parallel dual
cylinder operators 82 are schematically illustrated in
Figure 6 where area 90 represents the pressure area of
single cylinder having a large diameter 92. A dual
cylinder operator is represented by areas 94 having
smaller diameter 96. Diameter 96 is selected such that
the total area 94 of both dual operators is at least
equal to area 90 of the single large diameter
cylinder. To provide a substantially equivalent
pressure area, it is believed diameter 96 is
approximately 0.71 times diameter 92. For example, a
seventeen inch diameter operator can be replaced by an
operator having parallel twelve inch pistons.
Calculations suggest that this reduction decreases the
minimum spacing between adjacent cavities from
seventeen inches to twelve inches. [0038] Figures 7
and 8 illustrate one such parallel cylinder operator
that also features reduced fluid volume for
retraction. Parallel dual cylinder operator system 100
comprises is mounted to bonnet 102 and comprises two
parallel operating cylinders 104. Each operating
cylinder 



104 comprises piston rod 106, piston 108, operator
housing 110, sliding sleeve 112, and lock rod 114.
Each piston rod 106 is coupled to support member 116
that couples to a closure member (not shown) and
ensures that pistons 108 remain axially synchronized.
Cylinder head 118 is coupled to both housings 110.
[0039J Each piston 108 comprises body seal 120
disposed on body 122 and flange seal flange 124
disposed on flange 126. Seals 120 and 124 sealingly
engage operator housings 110 such that the housing is
divided into an extend chamber 128, slack fluid
chamber 130, and retract chamber 132. The sealing
diameter of flange seal 124 is larger than the sealing
diameter of body seal 120 such that less fluid is
required to fill retract chamber 132 than is required
to fill extend chamber 128.[0040] Parallel dual
cylinder operator system 100 operates in essentially
the same sequence as operator system 30 described in
relation to Figures 2-4. In Figure 8, operator system
is shown in an extended and locked position. Sliding
sleeve 112 is disengaged by first pressurizing extend
chamber 128 through extend port 134 and then rotating
lock rod 114 so that the sleeve moves toward cylinder
head 118. Once sliding sleeve 112 is disengaged,
pressurized fluid is applied through retract port 136
to retract chamber 132. The pressurized fluid filling
retract chamber 132 will move piston 108 toward head
118 and pull support member 116 toward bonnet 102
until operator system 100 is in the fully retracted
position of Figure 8. [0041] Operator system 100 is
returned to the extended position of Figure 7 by
applying hydraulic fluid through extend port 134 to
extend chamber 128. As piston 108 moves toward bonnet
102, fluid within slack fluid chamber 130 is pushed
through slack fluid port 138 and fluid within retract
chamber 132 is pushed through retract port 136. The
fluid pushed from slack fluid chamber 130 and retract
chamber 132 may be retained in a hydraulic reservoir
or ejected to the surrounding environment. Once piston
108 is fiilly in the extended position, lock rods 114
are rotated so that sliding sleeves 112 engage the
pistons and prevent movement of the pistons from the
extended position. [0042] Support member 116 ensures
that pistons 108 and piston rods 106 remain
synchronized during the operation of system 100. The
hydraulic system that supplies fluid to operator
system 100 may also be configured to supply hydraulic
fluid to the operator system in such a way that
pistons 108 remain synchronized while moving. [0043]
Referring now to Figures 9 and 10, operator system 100
may further comprise drive system 140 that rotates
locking rods 114 to move sliding sleeve 112 into and
out of locking engagement with piston 108. Drive
system 140 comprises motor 142, transmission 144, and
ROV override 146. Drive system 140 is mounted to head
118 with motor 142 disposedgenerally between operator
housings 110. Motor 142, which may be a hydraulic,
electric, or other motor, is coupled to transmission
144 and override 146. Transmission 144 comprises a
plurality of gears that rotationally couple motor 142
to locking rods 114. Override 146 is positioned so as
to allow access in the case of failure of motor 142 or
the supply of fluid or power to the motor. Override
146 may provide for direct mechanical rotation of
transmission 144 or may provide for the external
supply of hydraulic fluid or power to motor 142.
[0044] The features of the above described operator
system embodiments may be used alone or in
cooperation. For example, the reduced volume
retraction operator of Figures 2-4 may be used in
combination with the locking rod and sliding sleeve
lock arrangement as shown or may be used with other
locking systems. Similarly, the locking rod and
sliding sleeve lock arrangement can be used with other
operator systems or in other types of linear actuated
systems. The parallel cylinder operator system may
also be used in other applications and with other
types of piston and cylinder assemblies as well as
other locking systems. [0045] Although these features
can be used in other applications, the described
features provide a synergistic benefit when used in
combination. As an example, a double ram blowout
preventer that uses a parallel cylinder operator
system having reduced volume retraction (the operator
system of Figures 7-8) is lighter, shorter, and uses
less hydraulic fluid than a conventional blowout
preventer using conventional operator systems. The use
of the locking rod and sliding sleeve lock arrangement
also provides a simplified locking system when
compared to many conventional locking systems. [0046]
Figure 11 illustrates a blowout preventer stack 200
coupled to a wellhead 202. Blowout preventer stack 200
comprises a lower stack assembly 204 and an upper
stack assembly 206, or lower marine riser package.
Lower stack assembly 204 comprises a wellhead
connector 208, ram blowout preventers 210, annular
blowout preventer 212, choke and kill valves 214, and
hydraulic accumulators 216. Upper stack assembly 206
comprisesannular blowout preventer 218, choke and kill
connectors 220, riser adapter/flex joint 222, control
pods 224, and collet connector 226. Collet connector
226 provides a releasable connection between upper
stack assembly 206 and lower stack assembly 204.
Hydraulic accumulators 216 are mounted to frame 228
that surrounds lower stack assembly 204. [0047]
Therefore, the preferred embodiments of the present
invention relate to apparatus for improved ram-type
blowout preventers. The present invention is
susceptible to embodiments of different forms. There
are shown in the drawings, and herein will be
described in detail, 



specific embodiments of the present invention with the
understanding that the present disclosure is to be
considered an exemplification of the principles of the
invention, and is not intended to limit the invention
to that illustrated and described herein. In
particular, various embodiments of the present
invention provide systems that allow a reduction in
the size, weight, complexity, and fluid requirements
of ram-type blowout preventers. Reference is made to
the application of the concepts of the present
invention to ram-type blowout preventers, but the use
of the concepts of the present invention is not
limited to these applications, and can be used for any
other applications including other subsea hydraulic
equipment. It is to be fully recognized that the
different teachings of the embodiments discussed below
may be employed separately or in any suitable
combination to produce desired results. [0048] The
embodiments set forth herein are merely illustrative
and do not limit the scope of the invention or the
details therein. It will be appreciated that many
other modifications and improvements to the disclosure
herein may be made without departing from the scope of
the invention or the inventive concepts herein
disclosed. Because many varying and different
embodiments may be made within the scope of the
inventive concept herein taught, including equivalent
structures or materials hereafter thought of, and
because many modifications may be made in the
embodiments herein detailed in accordance with the
descriptive requirementsof the law, it is to be
understood that the details herein are to be
interpreted as illustrative and not in a limiting
sense.What is claimed is: 1. A hydraulic blowout
preventer operator comprising: a closure member; a
first piston rod having a first end coupled to said
closure member; a first operator housing having a
first end coupled to a bonnet and a second end coupled
to a head, wherein said first piston rod extends
through the bonnet, wherein a second end of said first
piston rod is at least partially disposed within said
operator housing; a first piston at least partially
disposed within said first operator housing, wherein
said first piston comprises a body and a flange,
wherein the second end of said first piston rod is
coupled to the body of said first piston; a first
flange seal disposed on the flange and sealingly
engaged with said operator housing; and a first body
seal disposed on the body and sealingly engaged with
said operator housing, wherein said first flange seal
has a sealing diameter greater than a sealing diameter
of said first body seal. 2. The hydraulic blowout
preventer operator of claim 1 further comprising a
slack fluid chamber formed within said first operator
housing between said first flange seal and said first
body seal. 3. The hydraulic blowout preventer operator
of claim 2 wherein said slack fluid chamber is open to
a surrounding environment. 4. The hydraulic blowout
preventer operator of claim 1 wherein said closure
member is moveable between an extended position and a
retracted position relative to the bonnet.5. The
hydraulic blowout preventer operator of claim 4
wherein said closure member is moved to the extended
position by a first volume of fluid being disposed
between said first flange seal and a second end of
said first operator housing and said closure member is
moved to the retracted position by a second volume of
fluid being disposed between said first body seal and
the first end of said first operator housing. 6. The
hydraulic blowout preventer operator of claim 1
further comprising: a sleeve slidingly disposed within
a cavity disposed within said first piston, wherein
said sleeve is rotationally fixed relative to said
first piston; and a lock rod rotatably coupled to the
head and threadedly engaged with said sleeve, wherein
rotation of said lock rod translates said sleeve
relative to said first piston. 7. The hydraulic
blowout preventer operator of claim 6 further
comprising a motor rotationally coupled to said lock
rod. 8. The hydraulic blowout preventer operator of
claim 1 further comprising: a second piston rod
coupled to said closure member, wherein said second
piston rod has a longitudinal axis that is parallel to
a longitudinal axis of said first piston rod; a second
operator housing having one end coupled to the bonnet,
wherein said second piston rod extends through the
bonnet into said second operator housing; and a second
piston coupled to said second piston rod and disposed
within said second operator housing.9. The hydraulic
blowout preventer operator of claim 8 wherein said
second piston further comprising: a second flange seal
disposed on said second piston and sealingly engaged
with said second operator housing; and a second body
seal disposed on said second piston and sealingly
engaged with said second operator housing, wherein
said second flange seal has a sealing diameter greater
than a sealing diameter of said second body seal. 10.
A hydraulic blowout preventer comprising: 



a body having a bore therethrough; a cavity disposed
through said body and intersecting the bore; a closure
member moveably disposed within said cavity; a first
piston rod having a first end coupled to said closure
member; a bonnet coupled to said body adjacent to said
cavity; a first operator housing having a first end
coupled to said bonnet, wherein said first piston rod
extends through the bonnet, wherein a second end of
said first piston rod is at least partially disposed
within said operator housing; a first piston disposed
within said first operator housing, wherein said first
piston comprises a body and a flange, wherein the
second end of said first piston rod is coupled to the
body of said first piston; a first flange seal
disposed on the flange and sealingly engaged with said
operator housing along a first diameter; and a first
body seal disposed on the body and sealingly engaged
with said operator housing along a second diameter,
wherein the first diameter is larger than the second
diameter.11. The hydraulic blowout preventer of claim
9 further comprising a slack fluid chamber formed
within said first operator housing between said first
flange seal and said first body seal. 12. The
hydraulic blowout preventer of claim 11 wherein said
slack fluid chamber is open to a surrounding
environment. 13. The hydraulic blowout preventer of
claim 9 wherein said closure member is moveable
between an extended position and a retracted position
relative to the bonnet. 14. The hydraulic blowout
preventer of claim 13 wherein said closure member is
moved to the extended position by a first volume of
fluid being disposed between said first flange seal
and a second end of said first operator housing and
said closure member is moved to the retracted position
by a second volume of fluid being disposed between
said first body seal and the first end of said first
operator housing. 15. The hydraulic blowout preventer
of claim 9 further comprising: a sleeve slidingly
disposed within a cavity disposed within said first
piston, wherein said sleeve is rotationally fixed
relative to said piston; and a lock rod rotatably
coupled to said bonnet and threadedly engaged with
said sleeve, wherein rotation of said lock rod
translates said sleeve relative to said piston. 16.
The hydraulic blowout preventer of claim 15 further
comprising a motor rotationally coupled to said lock
rod. 17. The hydraulic blowout preventer of claim 9
further comprising:a second piston rod coupled to said
closure member, wherein said second piston rod has a
longitudinal axis that is parallel to a longitudinal
axis of said first piston rod; a second operator
housing having one end coupled to the bonnet, wherein
said second piston rod extends through the bonnet into
said second operator housing; and a second piston
coupled to said second piston rod and disposed within
said second operator housing. 18. The hydraulic
blowout preventer of claim 17 wherein said second
piston further comprising: a second flange seal
disposed on said second piston and sealingly engaged
with said second operator housing; and a second body
seal disposed on said second piston and sealingly
engaged with said second operator housing, wherein
said second flange seal has a sealing diameter greater
than a sealing diameter of said second body seal. 19.
A method for actuating a hydraulic blowout preventer
operator comprising: supplying a volume of hydraulic
fluid to an extend chamber disposed within an operator
housing so as to move a closure member into a bore of
a blowout preventer, wherein the extend chamber is
formed between one end of the operator housing and a
first end of a piston; and supplying a volume of
hydraulic fluid to a retract chamber disposed within
the operator housing so as to move the closure member
out of the bore of the blowout preventer, wherein the
retract chamber is formed between an opposite end of
the operator housing and a second end of the piston,
wherein first end of the piston has a larger diameter
than the second end of the piston. 


