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INTRODUCTION: Immunomegneic  separdion  is
genadly recognized as one of the mog oedific, rdisble
and fagtest techniques to isolate cdll subpopulaions from
complex cdl mixtures

The ojedive of owr woak wes to devdop the
immunomeagnetic reegent for human haeméatopoietic odll
soting. To this end monosized, Superparamagnetic
microgpheres were generated and completely characterized.
The conditions to conjugate monociond antibodies to the
patides surface were optimized. The sdection technique
with the obtained immunomagnetic patides was further
worked out.

METHODS Preparation and characterization of
megndic polysyrene micogphaes (MPM):  Magneite
(FeOy) prepared by the reaction of Fe(ll) and Fe(ll) with
the ammonia agueous solution was digpersed a organic
olvertt enriched with nonionic surfactant to obtain gable
colloidd solution. Polystyrene megnetic partides with
aurface hydroxyl groups were prepared by the method of
emulsfying polymerizaion of copolymers and magneite
ferrocdlloid. Brigfly, syrene (20 g), divinyl-benzene (20)
and magneiite ferrocdloids (45 @) in dyrene were
emulsfied in 400 ml of didilled weter containing 0.25%
DS and agitated wel for 10 min & room temperaure. The
mixture was ultrasonicated for 30 sec (frequency 22 kHz,
power 40 W/enT). To perform polymerization 100 ml of
1% potassum peroxysulphate in distilled water was added
and stirred a 60 °C for 24 h fdlowed by incubdtion a 70
°C for 1 h. After reaching room temperature they were
catrifuged a 500 g for 15 min. The sedimet was
reupended in DS ad the megnetic patides
concentrated in the megnetic fidd of a permanent magnet
of megnetic intendty 2000 oaded for 30 min. DS
trestment was carried out twice. MPM were filtered with a
Millipore 3 im filter and resupended in SDS for a find
concertration of 10 mg/ml.

Patides were andyzed by transmittedHlight microsoopy.
Sze digribution wes edimated by laser corrdation
Spectrascopy. Magnetic propearties (saturation and residud
megnetization) were determined by magnetometry (Bruker,
USA).

To increase the protein-binding capacity magnetic support
wes adtivaied by p-toluenesifonyl ciloride MPM were
washed with water, water : dioxane (3.1, viv), water :
dioxane (1:3), dried dioxane Wet weght trested partides
(1g9) were put into a roundHbottomed flagk containing 200
mg of tosyl chlaride dissolved in 2 ml dioxane. Pyridine
was added dowly under dirring. After 1 hour, the MPM
were washed with dioxane and trandferred back to water
gradudly. Adtivated patides were stored & 4 °C until
being usd.

Binding of antibodies to the partides Ammonium sulfete
precipitation was used to obtan  immunomagnetic
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conjugates murine 1gG monodond  antibodies (MoAbs)
agang human lymphaocyte antigens CD3 (done 1C0O-90),
CD4 (dore 1CO-86), CD8 (done 1CO-31) and CD20
(done 1C0O-180) raised and purified from ascites fluids.
Searching for optimd  conjugation conditions we usd
vaying buffer solutions (0.025M boraiebuffered dine,
pH 85; 0.05M carbonate buffered sdine, pH 9.5; 0.06M
and 0.015M phosphate-buffered sding, pH 7.4). Then we
sudied kinetics of immunogiobulin binding by dtering the
regction time from 30 min to 24 h. Generdly, to prepare
conjugades 10 mg of corpuscular magnetic . upport
(approximatey 5x10° beads) were incubated with 200 ig
MoAbs in a tatd volume of 1 ml buffer solution a 4 °C
under gentle rotation. Microgpheres were then collected and
washed twice using a magnetic fied. Unoccupied protein-
binding dtes were then blocked with 0.06M PBS
contaning 2% human seum dbumin for 22 h a 4 °C
under gentle rotation. Antibody-coated magnetic partides
were resugpended to a concentration of 10 mg/ml (gpprox.
5x10° patides per ml) with 0.01IM PBS contaning 2%
human saum dbumin (HSA) and 0.05% Nal\; and stored
a 4°C until being usad.

Sgparation of cdls Peripherd blood mononudear cdls
(PBMC) from normd donors were isolated by dendty
centrifugation on aFcall Peque gradient.

Gengdly, immunomegnetic sdetion  (depletion)  of
antigen-positive lymphocytes wes caried out as falows
immunomegnetic partides were waghed twice with 0.01IM
PBS (pH 7.4) usng a magnetic fidd. 10x10° PBMC in 1
ml of 2mM EDTA in 00IM PBS containing 05% HSA
were added to the collected partides to ootain an esimated
31 beed : target ol ratio. The resugpended mixture was
incubated for 30 min & room temperature under gentle
rataion. The bead/cdl complexes were retained by the
permanent magnet whereas unbound cdiswere removed by
four washes with 001IM PBS. To evduate depletion
effectiveness flow cytometric andys's was carried out by
direct immunaofluorescence on samples from PBMS bath
before and after sdection and on unbound cdls (negetive
fraction). Data acquistion and andydswere essessed ona
FACSean usng FACScan ressach oftware (Becton
Dickinson & Co.).

To determine an optimd  quantity of immobilized MoAb
magnetic beads conjugated with anti-CD3 and anti-CD20-
antibodies that were known to have bound 4, 7, 10 and 12
ig of antibody per 1 mg of support were used, the results
obtained were andyzed for different processng varigdles

REULTS MPM preparation and analyds Our
preparion method for the megnetic  polystyrene
microgpheres formed gohericd patides (Fg. 1). Laser
corrddive spectrosoopy showed tha the partides hed a
meen diameter of 1.0 1m (var. from 0.3 to 20im) with Sze

homogendty of more then 90%.
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Fig. 1: TrangmittecHight microsoopy of synthesized
megnetic polysyrene partides

Edimated basic megnetic properties are given in Table 1.
Due to the indgnificant resduad magnetizetion, MPM can
be repeatedly cdllected in a magnetic fidd and theresfter
eadly redigpersd.

Table 1. Measured megnetic characterigics of MPM
gynthesized.

Remanent netization, Sauration netization,
Gsari/g Gsari/g

12 25

The saturation megnetization of 25 Gs om/g enabled the
rgpid concertration of the MPM udng a pemanentt
megnetic fidd of 2000 Oe

Coupling of antibodies to the partides MPM did not bind
MoAbs when incubated in 0.05M  carbonate buffered
<ine a pH 95. The maximum protein-binding capecity
was less then 2 ig MoAbs per mg partides when 0.025M
boraebuffered sdine & pH 85 or 0.05M phogphate
buffered dine & pH 7.4 were usad. We didted 0.015M
PBS a pH 7.4 to be begt for immunoglobulin coupling to
the patides In thisway, 10-15 ig MoAbs per mg patides
could be immohilized after incubation of the MoAbsMPM
mixturefor 24 h.

When gudying the kingtics of immunoglobulin coupling
we discovered thet the binding rate was not the same for
different MoAbs (Fig. 2).
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Fig. 2 Ratesof IgG immohilization on MPM surface
Amounts of immmohbilized immuno-globulines (ig per 1 ng
support) (Y) were measured as a function of interaction
time (h) (X) for different MoAb dones

The optimd antibody-binding capedity as determined by
Ubssquent i ic sdection was found to be 7-
10ig MoAb per mg partides The reguired incubation time
was averaged to be 10 hours for conjugating with dones
1CO-90, 1CO-86, ICO-31, and nat more than 6 hours for
donelCO-180.

Immunomegnetic odl sdection (depletion): Our primary
concarn was to determine an optimd amount of MoAbs
thet should be immobilized on the partides surface For
this purpose, a series of CD3™-lymphocytes depletionswere
caried out. As noted before, immunomagnetic anti-CD3
conjugates with 4 to 12 ig 1gG per mg support were used.
There proved depletion grade to be esimebly influenced by
the levd of coupled MoAbs the other conditions (i.e
source PBMC, beads per cdl ratio, incubation time and
temperature) being equd. The antibody binding capedity of
4 igimg wes gpparatly deficent because in this cae
immunomeagnetic slection falled to diminate CD3" target-
cdls The maximum antibody binding cgpedity of 12 ig per
mg upport for done 1CO-90 was dso nat optimdl, because
excess 1gG split out essily and blocked CD3 receptors on
target cdls interfering with bead/cdl complexes formation.
The latter was detected by gaining of unbound cdls after
SHection with FHTC labding shegp anti-mouse Hah).. The
mog effident was the depletion with MPM covered with
MoAbs in concenttration 7 to 10 ig. Negative sdection in
those casss resulted in depletion of 97% CD3'-lymphocytes
MoAbs (Fg. 3). Daa were verified by CD20™-lymphocyte
depletion. We ussd MPM conjugated with anti-CD20
MaAbs (done IC0O-180) a concentrations 4, 10 and 15 ig
pa mg of support. 1gG ICO-180 concentrations of 10
ig/mg were optimd, providing a depletion rate of 96%
(Fg.4).
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Fig. 3: Negative sdection of CD3"-lynphocytesfrom
humen PBMC using MPM conjugated with MaAbs anti-
CD3 (doneCO-90) (8ig 19G per mg support). Cdlsare
dained with CD3 FITC. A: PBMShefore sdection. B:
negative fraction after immunomegnetic depletion.
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Fig. 4: Negative sdection of CD20"-lymphocytesfrom
hurran PBMIC using MPM corjuggted with MoAbs arti-



CD20 (donelCO-180) (101g 1gG per mg support). Cels
aredained with CD20 PE. A: PBMSbefore sHection. B:
negative fraction after immunomegnetic depletion.

For further experimentsimmunomeagnetic partides covered
with MoAbs anti-CD4 (done 1C0-86) and anti-CD8
(done ICO-31) were used & a concentration of 8 ig/mg.
Immunomagnetic  separdions with  these  conjugaies
diminated 95-97% of antigen podtive cdls from an initid
PBMC suspendon (deatanot shawn).

DISCUSSON & CONCLUSONS Poydyrene
megnetic microgpheres were prepared from copolymers and
megnetic iron oxide employing the method of emulsifying
polymerization. The reallting patides were 1um in
diameter, the homogendty levd was beter than 90%.
Microgpheres possessad indgnificant megnetic remanence
and showed superparamagnetic behavior. To provide active
surface groups MPM were adtivated by p-toluenesulfonyl
chloride

Optimd immunoglobulin coupling for the partides was
peformed in 0015M PBS & pH 74 a 4 °C with gentle
rotetion. The interaction time should be determined for
each MoADb done because the immahbilization rate is not
condant. To achieve the optimd amount of surface-bound
1gG, which was esimated to be 7-10 ig MoAbs per mg
uppart, conjugation times hed to be 6 h for done ICO-
180, ad 10 h for dones ICO-90, ICO-86 ad ICO-31.
Bath defident and excessveimmunogiobulin coupling wes
proven to be inadvissble Immunospedific conjugates
agang humean lymphocyte antigens CD3, CD4, CD8 ad
CD20 wee oconssquertly gengraed.  Immunomagnetic
separaion with these conjugates is able to diminate about
97% of atigen podtive cdls from an iniid PBMC
uspengon.

We bdieve thet the devdoped immunomeagnetic reegants
will be usgful in laboratory and dinicd practice They
might be espeddly ussful for the remova of tumor odls
from bone marow before autdlogous trangdlantation (in
patients with B- or T-cdl lymphomas). They dso could be
goplied for T-lymphocyte purging of bone marrow before
dlogendc trangplantation to avoid devdopment of graft
versushod diseese
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