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CONFERENCE REPORT

Second International Conference on the Scientific and Clinical Applica-
tions ofMagnetic Carriers, Cleveland, Ohio, USA May 28-30, 1998

The second conference on the "Scientific and Clinical Applications of
Magnetic Carriers" was held in Cleveland, Ohio, USA from 28 May to
30 May 1998. Forty six talks were given in 9 sessions, accompanied by
12 posters and 6 exhibitors. 126 people from 12 countries attended
the conference.
The first day’s sessions were devoted to the preparation and analysis

of magnetic microspheres and nanospheres (ferrofluids) and their uses,
especially in streptavidin coated form for diagnostic purposes. A novel
concept of using empty viruses of different sizes as containers for
magnetite was presented by Trevor Douglas. Since viruses are mono-
sized, this may allow for the preparation of very defined, monosized
magnetic particles. New for most participants were also the applications
ofmagnetic particles in space, as reviewed by Paul Todd. Due to the lack
of gravity in space, cells or other material in solution will not sediment.
In order, for example, to produce agitation and make crystallization
reactions possible, strong magnets are used to accelerate magnetic
particles through the reaction solution, thus inducing well defined,
directional mixing. Another aspect of space research was presented by
Oleg Kuznetsov. He described how plants determine what is up and
down with the help of intracellular starch grains. The same organelles
also react to magnetic ponderomotive forces they either grow towards
or away from a strong magnetic field gradient. NASA is planning to test
the use of magnetic field gradients on their next space flight and hopes
to gain an understanding of how to grow plants during future space
missions. The final session of the day discussed the use of magnetic
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fluids for the controlled local heating of tumors. The three speakers
presented animal data which showed that tumors, after taking up mag-
netic particles, disappeared completely upon irradiation with an AC
magnetic field.
The second day was devoted to the clinical applications of magnetic

carriers. The first session covered stem cell separation. Yousef Haik
showed how to reversibly bind red blood cells to magnetic microspheres
and then separate them continuously. Steen Ostergaard showed the
separation of minute amounts of analytes bound to magnetic micro-
spheres. His small separator is essentially a silica chip sized flow
chamber with a built-in electromagnet. The magnetic gradient in this
device can be regulated and very low amounts of microspheres can
thus be separated and detected.
The second session focused on magnetic drug delivery. Magnetic drug

delivery is possible by binding a drug permanently (e.g. therapeutic
radioisotopes) or reversibly (e.g. anti-cancer drugs such as taxol,
d0xorubicin) to magnetically responsive microspheres made from bio-
compatible materials. The microspheres are then injected intravenously
or locally and concentrated at the target location (primarily a tumor) by
employing strong magnetic fields. For this purpose, rare earth magnets
and also electro- and superconducting magnets have been used. Rogers
Ritter, a guest speaker, outlined the use of a system for magnetic
neurosurgery. Using this system, a magnetic capsule or the tip of a
catheter can be directed anywhere in the brain within +1 mm under
real-time MRI guidance.
The last session of the second day was devoted to the environmental

applications ofmagnetic separation. Luis Nunez and Michael Kaminski
provided details of their magnetic microspheres which are able to
extract the very dangerous radioisotopes, americium, plutonium and
uranium from the large radioactive waste tanks of the US governinent.
If successful, this high volume process could reduce the volumes of
radioactive waste and vitrification, thus saving the American govern-
ment one million dollars a day! The same selectively chelating micro-
spheres could be used to extract hazardous metals such as zinc,
cadmium or chromium from industrial waste streams.
On the morning of the final day, a session about magnetic par-

ticle motion analysis explored what happens to magnetic particles
under the influence of a magnetic field and how this knowledge can be
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exploited for maximal separation. JeffChalmers presented optical video
based methods analyzing the behavior of single cells, followed by more
population based, laser-optical flow visualization techniques being used
in Vinay Pai’s lab. For medical and biological purposes, the mechanical
stress exerted by magnetic beads can be measured at the level of singular
microspheres. This was shown by both Ben Fabry and Andreas Bausch
who presented the mechanical responses ofcells which had ligand-coated
ferromagnetic microbeads bound to specific cell surface receptors. This
area of research which examines the response of cells to a mechanical
stress exerted by a magnetic field is called magnetic twisting cytometry.
The final session of the meeting was chaired by Stefan Miltenyi and

covered magnetic sorters and separation. Rapid on-line cell separation
of 10,000 cells per second with a purity of99.6% was reached by a special
quadrupole sorter, developed by Maciej Zborowski. Other systems
which work in batch mode are the bio-ferrograph as presented by
Vernon Westcott or the magnetic cell sorting (MACS) system as shown
by Mario Assenmacher. The microbead suspensions used in all three
systems are able to bind target cells with very low unspecific binding
(typically less than in 10,000 cells). Such systems are very useful for
the detection of fetal cells from maternal blood for non-invasive pre-
natal diagnosis, for the removal of antigen-specific B cells in allergy or
autoimmunity, or for the removal of cancer cells from bone marrow.
These cell binding techniques are so powerful that cells at concentra-
tions down to 10-6 or 10-8 can be detected! Costas Tsouris investigated
the flocculation and filtration kinetics of particles in solution. The
magnetic field strength and the hematite particle size were found to
be the most important parameters for removal of the particles.
His mathematical model was useful in predicting the particle’s behavior
and can be employed in the. design of magnetic filters.
The m.agnetic carrier meeting was very successful, based on com-

ments fromthe participants and the fact that the meeting room remained
filled even during the final talk. A few abstract booklets are still avail-
able. For updates about the field of scientific and clinical applica-
tions of magnetic carriers, as well as for information about the next
meeting on 3 May 2000 in Rostock, please check out the website
http://www.ccf.org/cc/radonc/biologists/magmeet/. The webmaster
encourages everyone to send updates and new and interesting informa-
tion in the field, as well as interesting internet links by e-mail to
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hafeliu@cesmtp.ccf.org. A special issue of JMMM to be published
at the beginning of 1999, will be devoted to the Cleveland conference
and will contain about 50 original, peer reviewed articles about mag-
netic carriers. The special issue can be ordered in advance by sending
US$30, which includes shipping, to Urs Hafeli, The Cleveland Clinic
Foundation, Radiation Oncology Department T28, 9500 Euclid Ave.,
Cleveland, OH 44195.
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