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Development of Magnetic Particle Techniques for
Long-Term Culture of Bone Cells With
Intermittent Mechanical Activation

Sarah H. Cartmell*, Jon Dobson, Sarah B. Verschueren, and Alicia J. El Haj

Abstract—Magnetic particles were coated with RGD and be able to withstand the loads applied durgagvivomechan-
adhered to primary human osteoblasts. During a 21-day culture, jcal preconditioning. However, if the mechanical loads can be
the osteoblasts plus adhered magnetic particles underwent a daily applied via cell membrane stretching using magnetic micropar-

exposure to a time-varying magnetic field via a permanent NdFeB .. . L2
magnet, thus applying a direct mechanical stress to the cells ticle and nanoparticle technology then the limitation of the me-

(Bmax ~ 60 mT). After 21 days, preliminary results show that ~chanical properties of the biocompatible scaffold is significantly
the cells plus magnetic particles were viable and had proliferated. reduced.

A von-kossa stain showed mineralized bone matrix produced at |t js possible to apply mechanical strains directly to the cell
21 days in the experimental group whereas the control groups ,sing magnetic particles. Magnetic microparticles and nanopar-
showed no mineralized matrix production. Real-time reverse ticles h b di dicine f ety of licati
transcription-polymerase chain reaction at 21 days showed an ICles have been use _'n me_ Icine Or.avar'e y orapplications.
upregulation of osteopontin from the experimental group in Cell and cell-product isolation techniques have made use of
comparison to the control group of cells with adhered particles this technology by binding specific proteins to the particles to
and no magnet applied. These preliminary results indicate that target particular receptors [7], [8]. Diagnostics also have utilized
adherence of RGD-coated 4.5um ferromagnetic particles to .o approach using magnetic particles as a contrast medium

primary human osteoblasts does not initiate cell necrosis up to 21 . : S - . .
daysin vitro. Also, mechanical stimulation of human osteoblasts in radiological imaging techniques such as magnetic resonance

by magnetic particle technology appears to have an influence on imaging [9], [10] and such particles also have been used as a
osteoblastic activity. drug delivery agent [11].

Index Terms—Bone, magnetic microparticles, mechanotrans- In order to _apply a mgchanical stress, the magnetic particles
duction, osteoblast. are coated with a protein to allow adherence to the cell mem-
brane and a time-varying magnetic field is applied. In the case
of magnetically blocked particles, the application of a magnetic
field at an angle to the particle’s magnetization vector will apply

ECHANICAL forces applied to osteoblasts by fluida torque(r) to the particle according to
flow, axial compression, and tension have been shown .

. X : 7= puBsinf Q)
to induce matrix production, upregulate bone-related gene pro-
duction, and increase osteo-related protein production [1]-[Slvherer is the torque on the particlg,is the magnetic moment

For tissue engineering purposes, it may be beneficial to appifthe particle B is the magnetic flux density, arfids the angle
mechanical forces to osteoblasts seeded onto three-dimensibealveen the particle’s magnetization vector and the field vector.
scaffolds to 1) upregulate matrix production to shorten the tinTéhe cell’s membrane will deform in response to the torque ap-
needed in the laboratory to prepare the tissue engineered qglied to particles which attached to it [12].
struct prior to patient implantation and 2) mechanically precon- In addition to the torque applied to blocked particles (the
dition the osteoblasts prior to implantation into a weight bearingocking volume depends on the material), all magnetic par-
situation. Mechanical loading via cylical, axial compression aicles (including superparamagnetic nanoparticles) will experi-
tissue-engineered constructs have been performed previousige a translational foraqg,.) in the presence of a gradient
for these reasons [6]. There are, however, limitations as to tield according to
type of biocompatible scaffold suitable for this application due 1
to the scaffolds’ mechanical properties. A suitable scaffold must Frnag = (X2 — X1)VM—B(VB) (2)

o

. INTRODUCTION

_ _ , . where here is the volume magnetic susceptibility of the mag-
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TABLE |
DESCRIPTION OFSIX SAMPLE GROUPS

incubator

drve Sample
electronics
hiacAdltage Group S:&e:ig{?o? Sample Group Description
A connector Numbcr
e)) ALL Cells plus particles, with applied
block . ”
magnetic field, with 30 minutes at
room temperature (as magnet was
applied at room temperature for 30
minutes).
) NoP Cells with no particles, with applied
Fig. 1. Schematic of setup used to apply cyclical permanent magnet magn magnetic field, with 30 minutes at
field to cells with adhered magnetic particles in six-well plate. room temperature.
3) NoM Cells with particles, with 30 minutes
i . i at room temperature, with no
mechanical stress to cells has been performed in this way us magnetic field applied.
magnetic particles that have been coated in a variety of prote (4) NoMNoP Cells with no particles, with 30
such as collagen typel [13], RGD [14], fibronectin [15], bovin minutes at _mr?”}f’“!’ff"‘d‘“r& with
. I . . no magnetic hield applied.
serum albumin [16], and poly-| Iysm_e [17],' Tr?'ngatlona (%) CellsOnly Cells with no particles, with no 30
stretches and torques have been app_hed tc_J individual cells minutes at room temperature, with
this manner and an upregulation of‘Canflux into cells [15], no magnetic field applied.
[16] and significant alterations in the cytoskeletal network suc () NoCells No Cells, no magnetic field, no 30

as actin filament stiffening [16], [18] has been reported as minutes room temperature

result of such strains.

Mechanical stress application to cells using magnetic parti
technology has not been studied in the long term. Also, t
technique has only been applied to single cells. In this pap
we have used this mechanotransduction method on a multi
cell population rather than just single cells. We have studi
the effects of applying a mechanical stress directly to primal
human osteoblasts for a 21-day period using this approach.

Ii;l)lgint, cells with approximately two particles per cell were
%alyzed with Laser scanning confocal microscopy (LSCM).
Liin filaments were stained with FITC labeled phalloidin

GMA) after permeabilization using 0.05% TritonX100
DH) in phosphate buffered saline (SIGMA). The nuclei
the cells were stained blue using Vectashield Mounting

Medium with DAPI (Vectorlabs). Light microscopy also was

performed to show the position of the beads on the cells.

A ProstaglandinE,; ELISA (Metachem Diagnostics Ltd.)
was performed on the three-day supernatant retrieved from
Ferromagnetio CrO,) particles (liameter = 4-4.5 um, four samples of each of the six groups analyzed as described

Spherotech) were coated with RGD (5@/ml PBS) and in Table |. This assay was performed as indicated by the

adhered to primary human osteoblasts at a concentrationnmdinufacturers guidelines.

approximately two particles per cell. The particles were addedSEM was performed on the sample groups at time points of

while the cells were in suspension and were then plated al.® h, one day, and 21 days to visualize the magnetic particles
number of approximately 100 000 cells (plus adhered particles)hered to the osteoblasts. Briefly, at the stated time points,
into wells of a six-well plate. These cells were then growthe samples were fixed in 2.5% glutaraldehyde in PBS before
in the presence of culture medium (alpha-MEM, GIBCOYinsing in PBS. The samples were then dehydrated in graded

1% antibiotic-antimycotic solution (GIBCO), 10% fetal calfseries of ethanol before critical point drying. The samples were

serum and osteogenic supplements of l0M Dexametha- then gold sputtered before viewing using a Hitachi scanning

sone (SIGMA), 10 mMg-glycerophosphate (SIGMA), andelectron microscope.

50 pg/ml ascorbic acid (SIGMA) for 21 days. Culture medium Real-time reverse transcription-polymerase chain reaction

was changed every two days. Six sample groups were analyge@-PCR) was performed to analyze mRNA produced of

as described in Table I. A 1-Hz/60 mT, (max.) magnetic fieldone-related gene osteopontin normalized to GAPDH at 21

generated by an oscillating NdFeB magnet array was appligdys from the different sample groups. This incorporated the

to the cells plus adhered particles each day for 30 min usinge of a Roche lightcycler using SYBRgreen fluorescence.

a computer-controlled drive system as described in Fig. The primers used were those described by Magtiml. [19].

The drive system was at room temperature and so the samHesners were used at a 500-nM concentration and the amplifi-

were removed from the incubator in order for the magnetiation settings were denaturation at5 for 30 s, a 40-cycle

field to be applied. Control plates to allow for this change iamplification of 95°C for 0 s, 65°C for 15 s, 95°C for 0 s,
environment for 30 min daily were included in the experimeri#nd a cooling of 40C for 30 s.

(group NoMNOoP as seen in Table ). Von kossa staining for phosphate deposits (mineralized bone

At 21 days, live/dead fluorescent staining (propridiunmatrix) was performed on all six samples at 21 days. The super-
iodide/syto9, Molecular Probes) and scanning electron nmiatant from each of the wells was removed and the cells were
croscopy (SEM) analysis were performed to evaluate céiked with 70% ethanol for 15—-30 min at room temperature. The

viability and morphology. At a two-day and one-week timethanol was removed, the cells were washed and 1 ml of 5%

Il. METHODOLOGY
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Fig. 2. Laser scanning confocal microscope images of actin filament stainifig- 3. Prostaglandid, ELISA data from three-day culture medigGroup
of osteoblasts cultivated for (A) two days and (B) one week in monolayehLL is significantly different from groups NoP, NoMNoP, CellsOnly, and
Magnetic particles are seen as round white dots as indicated by arrows. S&g€ells(p < 0.05). **Group NoM is statistically significantly different from
bars: (A) 50m and (B) 100um. groups NoP, NoMNoP, CellsOnly, and NoCeljs < 0.05).

silver nitrate solution was added to each well under a fluoreg
cent light for 15-30 min. After washing, 5% sodium thiosul-
phate solution was added to the wells for 2 min. After a finag
wash, the samples were left to dry and the samples were vie
using light microscopy.

Data from sample groups were analyzed for statistical signi
icance using a one-way analysis of variance test using the Tuk;
least significance test for post-hoc comparisons with a signif
cance level op < 0.05.

Ill. RESULTS

Fluorescent imaging showed that for sample groups 1)-5)

ering the surface of the wells in the tissue culture plates. Light
microscopy of these same samples showed the position of tiE
adhered magnetic particles and clearly showed the absence
the particles in sample groups 2), and 4)-6). It was seen th
there were approximately two particles per cell on the cells t
had particles adhered in groups 1) and 3). Proliferation of cel
during the 21 days had an effect on the average number of parg
cles per cell. Therefore, there were many cells without particle
adhered to them in sample groups 1) and 3).
SEM imaging showed confluent cells in monolayer sprea
out and attached to the surface of the tissue culture well i
samples 1)-5) in confirmation of the fluorescent and light m
croscopy results. Again, no difference was seen in the mo
phology of the cells between the different sample groups 1)-5
The LSCM performed at days two and seven showed n
significant alteration in the actin filament structure in the i
osteoblasts between the sample groups (Fig. 2). It was clekia I

that the majority of the particles had been internalized by tflyle_ 4. (a) SEM images (Group 3) RGD-coated magnetic particles after

cells and that many of these particles appeared to be locateth adherence to osteoblast. Round 4.5-micrometer magnetic particles can
close to the nucleus. be clearly seen attached to the spread out cell. This image is typical of groups

SN ; 1) and 3) at this time point. (b) (Group 3) After 21 days incubation with the
ELISA results showed a Slgmﬂca@ < 0'05) upregulation osteoblasts, many of the magnetic particles have been internalized and can

of prostaglandint, from group 1) (the experimental group) inno longer be seen on the surface of the cells. This image is typical of sample

comparison to groups 2), 4), 5), and 6) (Fig. 3). There was gmups 1)-5).

significant difference in prostaglandibl, production between

groups 1) and 3). cles remaining on the outside of the cells and a confluent layer
SEM performed show that the RGD-coated particles had raftcells was seen for sample groups 1)-5) (Fig. 4).

all been phagocytosed by 1.5 h (Fig. 4) or at the one-day timeReal-time RT-PCR showed an upregulation of osteopontin in

point. However at 21 days there did not appear to be any pagample group 1) (the experimental group) in comparison to the
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. .phagocytosis, may undergo internalization via the same mecha-
control sample group 2) (sample group consisting of cells wi : . o .
o . ' — . nismwhich may explain the localization of many of the particles
magnetic field but no particles) (Fig. 5). There was no signifi- . . o
. . at the nuclei of the cells. We are investigating further how the
cant difference between the osteopontin mRNA levels expressed. . ; . : : .
articles are internalised, analysing different coatings of these
between the other sample groups. . I .I : ff. ; ; f h.
Von kossa staining of the wells in sample groups 2)—6 articles and how this affects the mechanical stimulation applied
showed no phospha?e deposition Howeve? ingsarr?ple groo the cell via particle movement in the time-varying magnetic

1) (the group containing cells with magnetic particles plusad'

: L g — Itiswell accepted thd?GE, stimulates bone resorption [22].
cyclical magnetic field), phosphate staining was present Peincrease iRGE production in groups 1) and 3) in compar-
small amounts (Fig. 6). 2

ison to the other groups maybe due to the internalization of the
particles that may in turn provide physical stimulation. Phago-
cytosis of 1-3um sized particles (titanium, cobalt, and polyeth-
The live/dead stain using fluorescent microscopy showgtene) by osteoblasts have been noted to upregii&te, re-
that the presence of the magnetic particles was not causlegse [23], [24]. Further studies are currently being performed to
cell necrosis at 21 days. The actin staining at two days amyestigate whether or not tH&GE, upregulation is solely due
one week as viewed by confocal microscopy showed littte phagocytostis of the magnetic particles or if it also relates to
disruption to the cytoskeletal network due to the presence tbe magnitude of movement of the particles in an applied mag-
the particles either in or out of the cyclical magnetic field. Theetic field.
cytoskeleton is capable of sensing and transducing mechanicaDsteopontin—which was upregulated in this study—is be-
stress applied to a cell. This signalling is dependant on eladteved to play a key role in different steps of differentiation and
coupling between the site of applied force and the site wheaetivity of bone cells and in the maturation and mineralization
the first biochemical change occurs [20]. Previous studie$ bone matrix [25]. It has been described previously that os-
incorporating mechanical force application using similaieopontin is upregulated due to mechanical strain application to
magnetic particle technology have seen actin accumulatiosteoblasts [26], [27]. The upregulation of osteopontin mMRNA
after continuous 30 min force exposure at the binding sites en in the real-time RT-PCR with experimental sample group
the particles to the cell membrane [16]. However, these expet}in comparison to group 2) may correlate to the same mechan-
ments were performed prior to the particle being phagocytosied! stimulation response as applied by the moving magnetic
(the particle was allowed to adhere for 10 min before forgearticles.
was applied) and may be applying a different magnitude orlt has been documented in previous experiments that the ap-
indeed, a different mechanism of mechanotransduction to thlication of mechanical stress to bone cells induces matrix min-
cell than as described in this paper. Phagocytosis itself affeetalization production [28]. The small amount of mineralization
the cytoskeleton by increasing microfilament density. (as seen by the von kossa stain) in the sample group that had
Engulfment is frequently accompanied by numerous madhered particles plus magnetic field applied (with no mineral-
crofilament associations at the point of phagocytosis. At thization seen in any of the control groups) also may be due to a
two-day time point however, no difference in the actin filaresponse to mechanical stimulation from the particles.
ments were seen between the different sample groups. Particlin this experiment, we have gone further than previous studies
internalization is confirmed by SEM analysis. and extended the culture time to 21 days. In this way, we can
The migrating of many of the particles to the cell nuclei magletermine the application of long-term magnetic loading on the
be due to the particle size, chemistry or due to the RGD coatiroglture of these cells. It is difficult to compare the magnitude
Sethiet al. have described that untethered RGD activates inf the mechanical stress applied in previously published experi-
tegrins, therefore linking with the cytoskeleton but remainingents as those stresses were applied to the scaffolds rather than
completely free to move under mechanical loads [21]. Thelye cellmembrane. This highlights a major disadvantage of most
suggest that RGD-peptide attaches to an unrestrained integdmditioning systems—the force must be transmitted from the
ligand that then tends to pull that ligand through the membragseaffold to the cells, which are attached to the inside linings of
and into the cell. Perhaps the RGD-coated particles, undergothg scaffold pores (where pore diameter is large compared with

IV. DISCUSSION
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cell diameter). One of the advantages of the method describgts] A. R. Bausch, U. Hellerer, M. Essler, M. Aepfelbacher, and E. Sack-

here is that the force is applied directly to the cell rather thanre- ~ mann, “Rapid stiffening of integrin receptor-actin linkages in endothelial
Ivi .. fthe f f h ffold h I cells stimulated with thrombin: A magnetic bead microrheology study,”
ying on transmission of the force from the scaffola to the cell. Biophys. J.vol. 80, pp. 2649-57, 2001.

With optimization, this will allow for the tailored application of [16] M. Glogauer, P. Arora, G. Yao, I. Sokholov, J. Ferrier, and C. A. McCul-

piconewton-scale forces to the cell membrane, eIiminating the Io_ch, “C_alcium ions and tyrosing phosphorylation interact coordinately
df hanicallv st ffold terial with actin to regulate cytoprotective responses to stretchihgell Sci,
need for mechanically strong scaffold materials. pt. 1, vol. 110, pp. 11-21, 1997.

Initial results indicate that adherence of RGD-coated #4rb- [17] M. D’Addario, P. D. Arora, J. F. B. Ganss, R. P. Ellen, and C. A. McCul-

ferromagnetic particles to primary human osteoblasts does not  'och. “Cytoprotection against mechanical forces delivered through beta
e . N 1 integrins requires induction of filamin AJ. Biol. Chem.vol. 276, pp.
initiate cell necrosis up to 21 dajrsvitro. Also, though these re- 31969-77 2001

sults are preliminary, mechanical stimulation of primary humar{18] z. wu, K. Wong, M. Glogauer, R. P. Ellen, and C. A. McCulloch, “Reg-
osteoblasts by magnetic particle technology appears to have an Ulation of stretch-activated intracellular calcium transients by actin fila-
. . . ments,”"Biochem. Biophys. Res. Commuual. 261, pp. 419-25, 1999.
influence on osteoblastic activity. [19] 1. Martin, M. Jakob, D. Schafer, W. Dick, G. Spagnoli, and M. Heberer,
“Quantitative analysis of gene expression in human articular cartilage
from normal and osteoarthritic jointsQsteoarthritis Cartilagevol. 9,
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The authors thank L. Cioni, J. Magnay, A. Keramane, an chanical connections between integrins, cytoskeletal filaments, and nu-
S. Hughes for their technical expertise. cleoplasm that stabilize nuclear structurBroc. Nat. Acad. Sci. USA
vol. 94, pp. 849-54, 1997.
[21] K. K. Sethi, V. Mudera, R. Sutterlin, W. Baschong, and R. A. Brown,
“Contraction-mediated pinocytosis of RGD-peptide by dermal fibrob-

REFERENCES lasts: Inhibition of matrix attachment blocks contraction and disrupts mi-
[1] M. A. Peake, L. M. Cooling, J. L. Magnay, P. B. Thomas, and A. J. El crofilament organization Cell Motil. Cytoskeletoyvol. 52, pp. 231-41,
Haj, “Selected contribution: Regulatory pathways involved in mechan- 2002. o _ _ _
ical induction of c-fos gene expression in bone cells Appl. Physiol.  [22] D. C. Klein and L. G. Raisz, “Prostaglandins: Stimulation of bone re-
vol. 89, pp. 2498-507, 2000. sorption in tissue culture Endocrinology vol. 86, pp. 1436—40, 1970.
[2] R. L. Duncan and C. H. Turner, “Mechanotransduction and the func-[23] S. M. Horowitz and J. B. Gonzales, “Inflammatory response to implant
tional response of bone to mechanical strai@dlcif. Tissue Int.vol. particulates in a macrophage/osteoblast coculture moQelgif. Tissue
57, pp. 344-58, 1995. Int., vol. 59, pp. 392-6, 1996.

[3] J. Klein-Nulend, E. H. Burger, C. M. Semeins, L. G. Raisz, and C. C.[24] C. H. Lohmann, Z. Schwartz, G. Koster, U. Jahn, G. H. Buchhorn, M.
Pilbeam, “Pulsating fluid flow stimulates prostaglandin release and J. MacDougall, D. Casasola, Y. Liu, V. L. Sylvia, D. D. Dean, and B.

inducible prostaglandin G/H synthase mRNA expression in primary D. Boyan, “Phagocytosis of wear debris by osteoblasts affects differ-
mouse bone cells,]. Bone Miner. Resvol. 12, pp. 45-51, 1997. entiation and local factor production in a manner dependent on particle

[4] J.You, G. C. Reilly, X. Zhen, C. E. Yellowley, Q. Chen, H. J. Donahue, composition,"Biomaterials vol. 21, pp. 551-61, 2000. )
and C. R. Jacobs, “Osteopontin gene regulation by oscillatory fluid flow[25] J. R. Nefussi, G. Brami, D. Modrowski, M. Oboeuf, and N. Forest, “Se-
via intracellular calcium mobilization and activation of mitogen-acti- quential expression of bone matrix proteins during rat calvaria osteoblast
vated protein kinase in MC3T3-E1 osteoblasfs Biol. Chem,.vol. 276, differentiation and bone nodule formati@mvitro,” J. Histochem. Cy-
pp. 13365-71, 2001. tochem, vol. 45, pp. 493-503, 1997.

[5] R.E. Guldberg, M. Richards, N. J. Caldwell, C. L. Kuelske, and S. A. [26] C.D.Toma, S. Ashkar, M. L. Gray, J. L. Schaffer, and L. C. Gerstenfeld,
Goldstein, “Trabecular bone adaptation to variations in porous-coated  “Signal transduction of mechanical stimuli is dependent on microfila-
implant topology,”J. Biomech.vol. 30, pp. 147-53, 1997. ment integrity: Identification of osteopontin as a mechanically induced

[6] Y. Yang, J. L. Magnay, L. Cooling, and H. A. El, “Development of a gene in osteoblasts]. Bone. Miner. Resvol. 12, pp. 1626-36, 1997.
'mechano-active’ scaffold for tissue engineerinBidmaterialsvol. 23, [27] L. M. Walker, S. J. Publicover, M. R. Preston, M. A. Said Ahmed, and A.
pp. 2119-26, 2002. J. El Haj, “Calcium-channel activation and matrix protein upregulation

[7] J. L. Lequerica, V. Mirabet, J. A. Montero, C. Hurtado, S. Piquer, and in bone cells in response to mechanical straih,Cell Biochem.vol.

F. Carbonell, tn vitro proliferation, differentiation and immuno-mag- 79, pp. 648-61, 2000. _
netic bead purification of human myoblastéhn. Transplant.vol. 4, [28] R.E. Guldberg, N.J. Caldwell, X. E. Guo, R. W. Goulet, S. J. Hollister,
pp. 103-8, 1999. and S. A. Goldstein, “Mechanical stimulation of tissue repair in the hy-

[8] D. Sun, L. H. Hur|ey’ and D. D. Von Hoff’ “Telomerase assay using draulic bone Chambel’J’. Bone Miner. RESVOI. 12, pp. 1295-302, 1997.
biotinylated-primer extension and magnetic separation of the products,”

Biotechniquesvol. 25, pp. 1046-51, 1998.

[9] C. Alexiou, W. Arnold, P. Hulin, R. J. Klein, H. Renz, F. G. Parak, C.
Bergemann, and A. S. Lubbe, “Magnetic mitoxantrone nanoparticle d
tection by histology, X-ray and MRI after magnetic tumor targetiniy,”
Magnetism Magn. Maternvol. 225, pp. 187-193, 2001.

[10] O. Mykhaylyk, A. Cherchenko, A. llkin, N. Dudchenko, V. Ruditsa,
M. Novoseletz, and Y. Zozulya, “Glial brain tumor targeting of mag-
netic nanoparticles in ratsJ. Magnetism Magn. Matenol. 225, pp.
241-247, 2001.

[11] A. A. Kuznetsov, V. I. Filippov, R. N. Alyautdin, N. L. Torshina, and
0. A. Kuznetsov, “Application of magnetic liposomes for magnetically Institute of Technology, Atlanta from 2000-2002
guided transport of muscle relaxants and anti-cancer photodynar as a postdoctoral fellow in orthopaedic tissue
drugs,”J. Magnetism Magn. Matewol. 225, pp. 95-100, 2001. engineering. She joined the Centre for Science

[12] J. Dobson and T. St Pierre, “Application of the ferromagnetic transdu@nd Technology in Medicine at University of Keele, Stoke-on-Trent, U.K.
tion model to D.C. and pulsed magnetic fields: Effects on epileptogeniBttp://www.keele.ac.uk/depts/stm/cstm.html) in January 2002 where she
tissue and implications for cellular phone safetgjochem. Biophys. continues postdoctoral studies in orthopaedic tissue engineering and mechano-
Res. Communvol. 227, pp. 718-23, 1996. transduction.

[13] M. Glogauer, J. Ferrier, and C. A. McCulloch, “Magnetic fields applied Her recent publications include “Manufacture and Characterization of 3D
to collagen-coated ferric oxide beads induce stretch-activated Ca2+ flggrous Scaffolds for Bone Tissue Engineering” A. S. P.dtial,Biomaterials
in fibroblasts,”Amer. J. Physio).vol. 269, pp. C1093-104, 1995. (in press) “Haemocompatibility of controlled release glass” S. H. Carthall,

[14] J.Chen, B. Fabry, E. L. Schiffrin, and N. Wang, “Twisting integrin recepJournal of Materials Science: Materials in Medicirend “Soft tissue response
tors increases endothelin-1 gene expression in endothelial okifget. o glycerol-suspended controlled release glass particulate” S. H. Caetraéll
J. Physiol. Cell Physiolvol. 280, pp. C1475-84, 2001. Journal of Materials Science: Materials in Medicine

Sarah H. Cartmell was born in Manchester, U.K.,

in 1975. She received the B.Eng. (Hons) degree
in materials science with clinical engineering
and the Ph.D. degree in clinical engineering (for
the thesis: “A degradable bioactive glass: an
in-vitro and in-vivo study,” from the University

of Liverpool, Liverpool, U.K., in 1996 and 2000,
respectively. She furthered her studies at Georgia




Jon Dobsonreceived the B.Sc. and M.Sc. degreeq
from the University of Florida, Gainesville, in 1982
and 1986, respectively. He received the Ph.D. degrgg ™=
from the Swiss Federal Institute of Technology &
(ETH-Zurich), Zurich, Switzerland, in 1991.

He has been working in mineral and fine particle
magnetism since 1984, and in biological anc
biomedical applications of iron biomineralization
and bioelectromagnetics since completing hig
dissertation. He is a Reader in Biomaterials and Ce
Engineering at the Centre for Science & Technology

CARTMELL et al: DEVELOPMENT OF MAGNETIC PARTICLE TECHNIQUES FOR LONG-TERM CULTURE OF BONE CELLS 97

Alicia J. El Haj received the M.Sc. degree from
Manchester University, Manchester, U.K., and the
Ph.D. degree from Aberdeen University, Aberdeen,
U.K.

Following two postdoctoral positions in medical
and veterinary schools in Belfast and London, she
took up a Lectureship at the University of Birm-
ingham, Birmingham, U.K., in 1989. In 1997, she
moved to the Centre for Science and Technology in
Medicine, Keele University, Stoke-on-Trent, U.K.,
to develop and expand research in cell and tissue

in Medicine, Keele University, Stoke-on-Trent, U.K. His main areas oéngineering. The Centre, based at the North Staffordshire Hospital and the
research involve iron biomineralization in the human brain, the role of irdRobert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry, and recently
biominerals in neurological disorders and public health issues, clinical studresed 5A in the 2001 RAE, is part of a new School of Medicine being formed at
of the effects of weak-field magnetic stimulation on EEG-recorded brainwa¥eele University. The Centre research program is at the clinical interface, with
activity in temporal lobe epilepsy patients, synthesis and characterizationovker 70 patients treated with autologous chondrocyte implantation, and more
biocompatible magnetic nanoparticles, magnetically targeted drug and gstem cell treatments planned in orthopaedic repair. In 1998, she was appointed
delivery systems, and magnetic activation of transmembrane ion channels. Head of the Centre, where she is involved in bringing together interdisciplinary
Dr. Dobson is Associate Editor fdtlectromagnetic Biology and Medicine groups within biomedicine, physical sciences, and engineering interested in
and consults for the Department of Neurology, University Hospital, Zurich. aspects of cell and tissue engineering. Her research interests are in connective
tissue repair strategies using cell therapies and novel tissue engineering
approaches with funding from the EPSRC, medical charities and EU.
. ) Dr. El Haj is Vice-President of the U.K. Cell and Tissue Engineering So-
Sarah B. Verschuererwas born in Ghent, Belgium, ciaty a Member of the IFMBE Working Group for Cellular Engineering and

in 1979. She received the B.Sc. and M.Sc. degreeg .o opted member representing cell engineering in the IPEM special interest
in physics from the University of Ghent in 2000 and%roups.
i

2001, respectively. She received the M.Sc. degree
biomedical engineering from the Univeristy of Keele,
Stoke-on-Trent, U.K., in 2002.




	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


