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Abstract

Magnetic poly(2-hydroxyethyl methacrylate) (nPHEMA) beads were used in the removal of anti-dsDNA antibodies from systemic lupus
erythematosus (SLE) patient plasma in a magnetically stabilized fluidized bed. mMPHEMA beads, in the size range @ff80w&2€ produced
by suspension technique. Then, DNA was immobilized onto mMPHEMA beads by carbodiimide activation. Magnetic beads were contacted with
blood inin vitro systems. Loss of blood cells and clotting times were followed. MPHEMA beads were characterized by scanning electron microscopy
(SEM). Important results obtained in this study are as follows: the mMPHEMA beads have a spherical shape and porous structure. Loss of cells |
the blood contacting with mPHEMA/DNA was negligible. The anti-dsDNA adsorption capacity decreased significantly with the increase of the
flow-rate. With increasing anti-dsDNA antibody concentration, the amount of antibody adsorbed per unit mass increased, then reached saturatio
Maximum anti-dsDNA antibody adsorption capacity was found to be 97.8 mg/g. Pathogenic antibody molecules could be repeatedly adsorbe!
and desorbed with these magnetic beads without noticeable loss in their antibody adsorption capacity. Because of the good blood-compatibilit
mPHEMA is hopeful for the treatment of SLE by magnetically stabilized fluidized bed systems in the future.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction clinical and serologic findings, has been difficult to verify. For
example, although there is suggestive evidence for DNA-anti-
Anti-double-stranded DNA antibodies were first describeddsDNA antibody complexes in patient sera, such complexes have
in the sera of patients with systemic lupus erythematosus (SLE)ot been demonstrated either consistently or conclus[4¥ély
more than 20 years add]. Since then, dsDNA antibodies have  The level of anti-dsDNA antibodies correlates well with the
emerged as a central focus in the investigation of the pathadisease activity and organ involvements, such as nephritis and
genesis of SLE and of autoimmunity in general. Antibodiescerabritis. In such cases the removal of anti-dsDNA antibodies
against DNA serve as markers of diagnostic and prognostifrom plasma may lead to a clinical improvement. Analysis
significance in SLE, and there is compelling evidence for arof plasmapheresis has shown that plasma exchange acts by
association between anti-dsDNA antibodies and tissue damagemoving autoantibodie$5]. But, risks of plasmapheresis
[2]. Since many of the clinical manifestations of this disease catherapy stem from the nonspecific elimination of all plasma
be attributed to immune complex deposition, the concept hasomponents according to their plasma content. Necessary sub-
arisen that antibodies against DNA mediate tissue damage Istitutions may induce allergic reactions and plasma replacement
the formation of DNA-anti-dsDNA antibody immune complexes can convey infective diseases. Because of the disadvantages
which localize throughout the body, most prominently in theof plasmapheresis, efforts were made to develop a more
kidneys[3]. However, this model, while consistent with many specific extracorporeal technique to remove the pathogenic
substances from plasma. Extracorporeal immunoadsorption
with affinity adsorbents has become increasingly utilized a
* Corresponding author. Tel.: +90 3122992163; fax: +90 3122992163.  therapeutic modality to remove pathogenic antibodies con-
E-mail address: denizli@hacettepe.edu.tr (A. Denizli). taining from plasma of patients. The first ex-vivo application
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of DNA-attached adsorbents was achieved by Terman et a2. Experimental
[6]. They removed anti-dsDNA antibodies from the plasma of
positively immunized rabbits by circulating their blood through 2.1. Preparation of magnetic PHEMA beads
an extracorporeal shunt containing immobilized DNA. The first
clinical trial of immunoadsorption was also done by Terman The mPHEMA beads were prepared by suspension poly-
et al., in which they used DNA-affinity adsorbents to treat amerization in an aqueous medium as described in our pre-
female patient suffering from SLIE7]. Nicolaev et al. have vious article [26,27] Hydroxyethyl methacrylate (HEMA)
applied DNA-immobilized activated carbon hemoperfusionwas purchased from Sigma (St. Louis, MO, USA) and was
column to the treatment of patients with psorig8k Ventura  purified by vacuum distillation under a nitrogen atmosphere.
et al. have utilized poly(ethylene vinyl alcohol) hollow fiber Ethylene glycol dimethacrylate (EGDMA, Merck, Darmstadt,
carrying histidine for the removal of anti-dsDNA antibodies in Germany) was used as the crosslinking agent. Magnetite par-
in vitro system9]. Zhu et al[10] have used DNA-immobilized ticles (FgO4, diameter<iwm) was obtained from Aldrich
non-woven poly(ethylene terephthalate) fabric fibers for treat{USA). All other chemicals were obtained from Merck as
ment of systemic lupus eryhtematoqd®]. Recently, Yu and analytical grade. A typical suspension copolymerization pro-
He have prepared DNA-immobilized hydroxy-ethyl cellulose cedure of mPHEMA beads was given as below: the disper-
crosslinked chitosan beads as immunoadsorbents for specifiton medium was prepared by dissolving 200 mg of poly(vinyl
removal of anti-dsDNA antibodies in SLE seryml]. Kato  alcohol) (PVA; molecular weight: 50,000) within 50 ml of dis-
and lkada have reported anti-dsDNA antibody adsorption usinglled water. The desired amount of 22zobisiso-butyronitrile
DNA-carrying poly(ethylene terephthalate) microfibgtg]. (AIBN) (0.069) was dissolved within the monomer phase
There have been several separation approaches perform&d.0/4.0/8.0 ml (EGDMA/HEMA/toluene) with 1.0 g magnetite
under magnetic fielfiLt3—-15] The most well known technique particles. This solution was then transferred into the disper-
is the magnetically stabilized fluidized bed. Magnetically sion medium placed in a magnetically stirred (at a constant
stabilized fluidized bed exhibits combination of the beststirring rate of 600 rpm) glass polymerization reactor (100 ml)
characteristics of both packed and fluidized bed. These includehich was in a thermostatic water bath. The reactor was
the efficient fluid-solid mass transfer properties, eliminationflushed by bubbling nitrogen and then was sealed. The reac-
of particle mixing, low pressure drop, high feed-stream solidtor temperature was kept at 66 for 4 h. Then the polymer-
tolerances, good fluid-solid contact, elimination of cloggingization was completed at 9C in 2h. After polymerization,
and continuous countercurrent operatjb@]. Especially, when the mPHEMA beads were separated from the polymerization
dealing with highly viscous mediums, such as blood contact witmedium. The residuals (e.g., unconverted monomer, initiator
the magnetic adsorbentin a magnetically stabilized fluidized bednd other ingredients) were removed by a cleaning proce-
is desirable because of high convective transport rates withowlure. Briefly, magnetic beads were transferred into a reser-
celldamage (i.e., hemolysis). Recently, there has beenincreasedir, and washing solutions (i.e., a dilute HCI solution, and
interest in the use of magnetic adsorbents in biomolecule cow water—ethanol mixture) were recirculated through the sys-
pling and nucleic acid purificatiofl7]. Magnetic adsorbents tem which includes also an activated carbon column, to be
can be produced using inorganic materials or polymers. Higlassured that the magnetic beads were clean. Purity of the
mechanical resistance, insolubility and excellent shelf life makenagnetic beads was followed by observing the change of
inorganic materials ideal as adsorbent. The main disadvantaggptical densities of the samples: (280 nm) taken from the
of inorganic supports is their limited functional groups for liquid phase in the recirculation system, and also from the
ligand coupling. Magnetic adsorbents can be porous or horDSC thermograms of the magnetic beads obtained by using a
porous. They are more commonly manufactured from polymerdifferential scanning micro-calorimeter (Mettler, Switzerland).
since they have a variety of surface functional groups which ca®ptical density of uncleaned magnetic beads was 2.63, but
be tailored to use in different biomedical applicati¢h®—22] after the cleaning operation this value was reduced to zero.
In this study, we have assessed the suitability of a magnetin addition, when the thermogram of uncleaned beads was
cally stabilized fluidized bed utilising mPHEMA/DNA beads for recorded, it had a peak around GD. This peak might orig-
the removal of anti-dsDNA antibodies from SLE patient humaninate from AIBN, but after application of the cleaning pro-
plasma. We selected magnetic poly(2-hydroxyethyl methacryeedure, no peak between 30 and 1G0was observed on the
late) (MPHEMA) beads as the basic solid-phase, which is one gdhermogram.
the most widely used hydrophilic polymers in biomedical appli-
cations, by considering possible applications of these sorbengs2. Characterization of mPHEMA beads
in direct hemoperfusion extracorporeal therapy, in which blood
compatibility is one of the main concerfd3—25] mPHEMA  2.2.1. Density measurement
beads were produced by suspension polymerization. Hydroxyl The dry density of the magnetic beads were measured with
functional groups on the magnetic beads were activated by capycnometer by dispersing the dry beads in ethanol.
bodiimide, and then, DNA molecules were covalently immobi-
lized to the magnetic beads through the active sites. Anti-dsDNAR.2.2. SEM studies
antibody adsorption onto the DNA-affinity beads fromthe blood The surface morphology and internal structure of the
plasma of a patient with SLE is discussed. mPHEMA beads were observed in a scanning electron micro-
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scope (JEOL, JEM 1200EX, Tokyo, Japan). mPHEMA beadsvith 0.5 M NacCl solutions and water in order to remove impuri-
were dried at room temperature and coated with a thin layer dies. Carbodiimide aqueous solution (100 ml) (15.0 mg/ml) were
gold (about 10(5\) in vacuum and photographed in the electron prepared in carbonate buffer. The pH of solution was quickly
microscope withx 1000 magnification. The particle size was adjusted to 10.5 with 1.0 M NaOH while it was magnetically
determined by measuring at least 100 beads on photograpksrred. One gram of mMPHEMA beads was then added to solu-

taken on a SEM. tion and the activation procedure was continued for 24 h. The
main problem in surface modification is to prevent deformation
2.2.3. Coagulation time (CT) and/or destruction of beads. If there is any deformation, encap-

Magnetic beads were incubated in 0.1 M phosphate buffepulated magnetites (i.e., iron particles) can easily release from
solution (pH 7.4) for 24 h at room temperature and washed on #e polymeric structure. This decreases the magnetic proper-
glass filter with 0.5 M NaCl solution and distilled water. Freshties of the polymeric adsorbent. In order to prevent structural
frozen human plasma (0.1 ml) was preheated toGfor 2min ~ destructions/deformations, coupling reactions were carried out
and then the beads were added into this medium and mixednder mild experimental conditions and a long reaction period.

immediately. The clotting time was measured using the fibromThat is why carbodiimide was used for the incorporation of
eter method28]. activated groups on/in to the mPHEMA structures under mild

conditions. After the activation reaction, in order to remove
2.2.4. Activated partial thromboplastin time (APTT) the excess activation agent (i.e., carbodiimide), the mPHEMA

Magnetic beads were incubated in 0.1 M phosphate buf.felpeads were washed with 0.1 M NaHgénd then with distilled

solution (pH 7.4) for 24 h at room temperature and washed on yater.
glass filter with 0.5 M NacCl solution and distilled water. Fresh
frozen human plasma (0.1 ml) was preheated toGfor 2 min.

Partial thromboplastin (0.3 ml, bioMerieux, Marcy-1'Etoile, . .
P ( y DNA (from herring testes) was purchased from Sigma.

France) was also preheated to°&7for 2 min and was added 2 ,
to preheated human plasma. Then, the beads were trankhe freshly carbodiimide-activated mPHEMA beads were

ferred into this medium. Thirty seconds later, Ca(.1 ml, magneticall_y stirred at a con_stant tempgrtafcure of’(2(_)f0r_
0.025 M) was added, then, the activated partial thromboplastiﬁbom 4 h with 10 ml DNA solution. pH and initial carbodiimide

time (APTT) was determined using the fibrometer methoaconcentration on the covalent coupling of DNA were 7.0 and
[28] 15 mg/ml, respectively. The initial concentration of DNA in

the medium was 1.0 mg/ml. After coupling, the DNA-affinity

Lo beads were washed with 0.1 M GEBOONa (pH 4.5)+0.15M

2.2.3. Prothrombin time (PT) o NaCl, and finally with 0.1M NaHCO3 (pH 9.5)+0.5M
In order to determine prothrombin time (PT), a one-stag,c| The amount of DNA-immobilized on the carbodiimide-

prothrombin method was usgd. Magnetic beads were incub‘”‘t%fi:tivated mPHEMA beads was determined by measuring the
in 0.1 phosphate buffer solution (pH 7.4) for 24 h at room M-4ecrease of the DNA concentration and also by considering

perature. Fresh frozen human plasma (0.1 ml) was preheated 0.  y\A molecules adsorbed non-specifically (not through

37°Cfor'2 m_in. The partial thromboplastin (0.3 ml, bioMeri_eux, the carbodiimide activated sites), by spectrophotometry at
Marcy-1'Etoile, France) was also preheated tdG7#or 2 min 260 nm. Prepared mPHEMA beads were held 2E 4rior to
and was added to preheated human plasma. Then, the beads weLe

added into this medium. Thlrty seconds later, Ga(@.1ml, In order to estimate the amount of released DNA, the affinity
0.'025 M) was ”a”Sf_e”‘?d into the medium. After thege OP€TaRaads (250 mg) were placed in test tube containing 10 ml of
tions, the prothrombin time was measured using the f'bromemﬁhosphate buffer solution (pH 7.4) and shaken on a rotary shaker
method(28]. for 24 h. The amount of DNA released into the medium was
measured cumulatively as the absorption band at 260 nm by a

2.2.6. Cell adhesion studies bench_top Spectrophotometer_
Heparinized human blood was incubated with the beads

for 1 h. It should be noted that prior to the blood contact, they 5 1,01 leach studies

beads were washed with 0.1 M KCI solution in buffer until no

further impurities (monitored by the absorbance at 280nm) |n order to estimate the amount of leached iron from the
was detected in the washing solution. Blood samples werghagnetic beads, the beads (250 mg) were placed in test tubes
withdrawn from the beginning and the end of the operation, angontaining 10 ml of leach media and shaken on a rotary shaker
the platelet and leukocyte count of samples were determineghr 24 h. The amount of iron leached into the medium was

2.4. DNA coupling

using a microscope. determined by a graphite furnace atomic absorption spectropho-
tometer (AAS 5EA, Carl Zeiss Technology, Zeiss Analytical
2.3. Carbodiimide activation Systems, Germany). Three kinds of release media were used: pH

2.0 buffer of acetic acid solution (50%, v/v), phosphate buffer
Prior to the activation process, the mPHEMA beads weresolution (pH 7.0) and sodium citrate/NaOH buffer solution (pH
kept in distilled water for about 24 h and washed on a glass filte1.2.0).
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2.6. Anti-dsDNA antibody adsorption from human plasma mass of the magnetic beads was evaluated by using the mass
in MSFB balance.

The breakthrough behaviour of pathogenic antibody (i.e.2.8. Desorption and repeated use
anti-dsDNA antibody) in the magnetically stabilized fluidized
bed of the mPHEMA/DNA beads was investigated by frontal In all cases, bound anti-dsDNA antibody molecules were
adsorption experiments. Blood samples taken from a patiertesorbed using 1 M NaCl at pH 4.0 in acetate buffer. In a typ-
with SLE was used in these studies. Blood was centrifuged dtal desorption experiment, 50 ml of the desorption agent was
500x g for 30 min at room temperature to separate the plasmaecirculated through the magnetically stabilized fluidized bed
The beads suspended in pure water were degassed under reducedtaining affinity beads for 1 h. Anti-dsDNA antibody concen-
pressure (by using water suction pump) and magnetically stabtration in the desorption medium was determined by RIA. The
lized into a column (10 cnx 0.9 cm i.d.) equipped with a water desorption ratio was calculated from the amount of anti-dsDNA
jacket for temperature control. The vertically oriented magneti@antibody adsorbed on the beads and the final anti-dsDNA anti-
field was produced by passing DC current through two modifiedody concentration in the desorption medium. In order to test
Helmholtz coils (1.5cm diameter2.5cm thick) spaced the reusability of the beads, anti-dsDNA antibody adsorption-
4cm apart. At a current of 1.6 A (50 W), each coil produced adesorption procedure was repeated ten times by using the same
magnetic field of 40 Gauss. Equilibration of the column was peraffinity column. When desorption was achieved, the affinity col-
formed by passing four column volumes of phosphate buffer (pHImn was finally cleaned up with 50 mM NaOH solution in order
7.4) before injection of the patient plasma. In a typical adsorptiorto remove the remaining proteins and to regenerate them, and
system, 50 ml of the SLE patient plasma was passed through thleen re-equilibrated with the starting buffer.
column containing beads, by a peristaltic pump for 2 h. Dynamic
binding capacity (DBC) was calculated from anti-dsDNA anti- 3. Results and discussion
body breakthrough curvel9]. The amount of anti-dsDNA
antibody adsorbed on the mMPHEMA/DNA beads was deter3.1. Characteristics of mnPHEMA beads
mined by radioimmunoassay (RIA) by measuring the decrease
in the anti-dsDNA antibody concentration in the plasma of the DNA-immobilized mMPHEMA beads (80-120m in diame-
patient. ter) were prepared as a specific bioaffinity adsorbent for removal

In the first group of experiments, the flow rate of the patientof anti-dsDNA antibodies from SLE patient plasma in magnet-
plasma (i.e., 50 ml) was changed between 0.5 and 3.5 ml/mirically stabilized fluidized bed. mMPHEMA beads used in this
In the second group of experiments, anti-dsDNA antibodystudy are rather hydrophilic and cross-linked structures, i.e.,
adsorption isotherm was obtained in the magnetically stabilizettydrogelg30]. The surface morphology and internal structure
fluidized bed. Patient plasma containing different amount obf non-magnetic PHEMA and mPHEMA beads are exemplified
anti-dsDNA antibody were used in these experiments. Théy the scanning electron pictureshig. 1 As seen irFig. 1A,
changes in the anti-dsDNA antibody concentration with timemPHEMA beads have a spherical form and a rough surface con-
was followed to obtain the adsorption curves. The amountaining macropores due to the abrasion of magnetite crystals
of adsorbed anti-dsDNA antibody per dry magnetic beadgdiameter <0.}um) during the polymerization procedure. How-
was calculated by using the concentrations of the anti-dsDNZAver, the surface of the non-magnetic spherical PHEMA beads
antibody in the initial and in the equilibrium. Each experimentcontained no macroporesi¢. 1B). The pictures irFig. 1C and
was performed in triplicate for quality control and statistical D were taken with broken beads to observe the internal parts
purposes. For each set of data present, standard statistia|Iboth non-magnetic and magnetic PHEMA beads. The pres-
methods were used to determine the mean values and standamtce of macropores within the bead interior was clearly seen
deviations. Confidence intervals of 95% were calculated foin these photographs. It can be concluded that the mPHEMA
each set of samples in order to determine the margin dbeads have a macroporous interior surrounded by a reasonably

error. rough surface, in the dry state. The roughness of the bead sur-

face should be considered as a factor providing an increase in the
2.7. Anti-DNA antibody adsorption from SLE plasma in specific surface area. The macropores reduce diffusional resis-
batch system tance and facilitate mass transfer because of high inner surface

area. This also provides higher DNA attachment and enhances

Blood samples taken from a patient with SLE was used irthe pathogenic antibody removal capacity. On the other hand,
these studies. Blood was centrifuged at 509 for 30min at non-magnetic PHEMA beads were in the uniform and spher-
room temperature to separate the plasma. Hundred milligrams afal shape with smooth surface characteristics. The density of
mMPHEMA/DNA beads were incubated with 5 ml of the plasmamPHEMA beads is 1.45 mg/ml.
obtained fromthe SLE patient at 26 for 60 min. The amount of Note that the leach of iron was measured in three different
anti-DNA antibody adsorbed on the mPHEMA/DNA beads waskinds of mediaincluding acetic acid solution (50%, v/v; pH 2.0),
determined by radioimmunoassay by measuring the decreapbosphate buffer solution (pH 7.0) and sodium citrate/NaOH
in the anti-DNA antibody concentration in the plasma of thebuffer solution (pH 12.0). It should be noted that there was no
patient. The amount of anti-DNA antibody adsorption per unitmeasurable release.
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Fig. 1. SEM pictures of polymeric beads: (A) surface of mMPHEMA,; (B) surface of non-magnetic PHEMA; (C) cross-section of non-magnetic PHEMA; (D)
cross-section of MPHEMA.

DNA leakage from the beads was also monitored continuare tolerable by the body. Therefore, we concluded that the
ously. There were no DNA leakage in any of the adsorption andblood-compatibility of magnetic beads was rather good, and the
desorption media, which assured that the cleaning procedudotting times were quite reproducible comparing with the val-
used for removal of physically adsorbed DNA molecules fromues reported in the related literatysd].

the mPHEMA beads was satisfactory. Table 2summarizes hematological data obtained fromin vitro
blood assay. Loss of platelet with mPHEMA were 2.6% and
3.2. Blood compatibility studies 3.5%, respectively. Lost of leukocyte with mPHEMA/DNA were

10.5% and 11.6%, respectively. As seen here, there is no signif-
In order to evaluate the blood-compatibility of mPHEMA icant cell adhesion on the beads. These observations showed

beads, in vitro coagulation times (CT), prothrombin time andthat surfaces of the magnetic beads are resistant to adhesion of
activated partial thromboplastin time (PTT) tests were carriedplatelets and leukocytes. In conclusion, because of the good
out with mPHEMA beads. The protrombin time (PT) measuregion-thrombogenic properties, porous MPHEMA beads seem to
the clotting time from the activation of factor VII, through the be very promising affinity adsorbents for biomedical applica-
formation of fibrin clot. This test measures the integrity of thetions, such as extracorporeal inmunoadsorption therapy.
extrinsic and common pathways of coagulation, whereas the

activated partial thromboplastin time measures the integrity ok 3. Anti-dsDNA antibody adsorption

the intrinsic and common pathways of coagulation. CT test

shows in vitro coagulation timelable 1shows the coagula-  For the extracorporeal removal of pathogenic antibodies by

tion data. All the Clotting times for mMPHEMA beads decreaseq/arious columns, a wide range of adsorption rates have been
when compared with control plasma. However, these decreases

Table 2

Table 1 Platelet and leukocyte adhesion with magnetic b&ads

Coagulation times of human plasma (reported in%ec)

- Substance Platelex(0~3/mmd) Leukocyte & 10~3/mnr)
Experiments APTT PT CT
Initial/final ~ Loss (%) Initial/final ~ Loss (%)
Control plasma 53.62.1 22.5+0.7 245+ 8.6
PHEMA 458+1.5 18.6+:0.3 226+ 10.6 PHEMA 390/380 2.6 4.97/4.45 105
PHEMA/DNA 46.9+1.7 20.2+0.5 232+95 PHEMA/DNA  390/376 35 4.97/4.39 11.6

a Each result is the average of six parallel studies. @ Each result is the average of three parallel studies.
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reported in the literature. For example[iNer et al.[32] have 1.0
studied immunoglobulin adsorption in patients with idiopathic

dilated cardiomyopathy on a column contained polyclonal anti
human immunoglobulin antibodies produced in sheep and each 08I
session lasted a mean of 3:2.1 h[32]. Jansen et al. have con-
sidered 4-5 h as an effective treatment time in their coagulation
inhibitors removal studies from patients with haemophilia A, —~ %6
in which they used Ig-Therasorb column contained sepharose
coupled with polyclonal sheep antibodif&3]. Schneider et

al. studied immunoadsorption plasma perfusion in SLE patients
using phenylalanine and tryptophan carrying commercial IM-P
columns and reported 2 h treatment tifi3d]. Some patients
with acquired hemophilia have been treated using commer-
cial Immunosorb& column around 5 h effective treatment time
[35] for the removal of IgG and inhibitors. Yu and He investi- 00 4
gated the adsorption of anti-dsDNA antibodies in SLE serum © 1 20 3 4 50 6 VO 80
on DNA immobilized hydroxyethyl crosslinked chitosan beads (A) Treated Volume (ml)
and reported that equilibrium adsorption time is[36]. Zhu et

al. [37] considered 2 h as a treatment time in their anti-dsDNA
antibody adsorption kinetic studies in SLE patient, in which they
used poly(ethylene terephthalate) microfibers as adsoj®ént
Immunoadsorption therapy takes between 2 and 5 h with com-
mercial columns including ProsorBaand Excorinf [38,39]

The flow rate in the aqueous phase, structural properties of
adsorbent (e.g., porosity, surface area), amount of adsorbent, =

8
3 0.5 ml/min
—&— 1.0 mli/min
—0o— 2.0 mi/min
—*+— 3.5mlmin

0.4

0.2

100

80 [

(mg/g polymer)

adsorbate properties (e.g., molecular dimensions and solubil- E 60

ity), initial concentration of antibody determine the adsorption %

rate. In this study, the SLE patient plasma was passed through g

the column containing beads for 2 h. The removal rates obtained § 40 |

with the mMPHEMA/DNA beads prepared by us seem to be very ﬁ

promising.

3.3.1. Effect of flow-rate 20 0 1| ; .3 4
The breakthrough curves at different flow-rates are given in B) Flow Rate (mfmin)

Fig. 2A. Results show that the antibody adsorption amount onto
the magnetic beads decreases when the flow rate through tRig. 2. Effect of flow-rate onto the breakthrough curves (A) and adsorption
column increases. The adsorption Capacity decreased Signiﬁapacity (B) of anti-dsDNA e_mtibody adsorption: DNA loading: 4.4 mg/g; anti-
cantly from 97.8mg/g to 32mg/g polymer with the increase9sPNA antibody concentration: 1.86 mg/rit; 25°C.
of the flow-rate from 0.5 ml/min to 3.5 ml/mirF{g. 2B). An
increase in the flow rate reduces the plasma volume treatedtibody adsorbed per unit mass increases below about
efficiently until breakthrough point and therefore decreases thé-0mg/ml, then increases less rapidly. It reached saturation
service time of magnetically stabilized fluidized bed. This is duevhen the protein concentration is greater than 1.5mg/ml.
to decrease in contact time between the anti-dsDNA antibodIhe steep slope of the initial part of the adsorption isotherm
ies and the mMPHEMA/DNA beads at higher flow rates. As theepresents a high affinity between anti-dsDNA antibody and
adsorption rate is controlled by intra-particle diffusion, an earlyincorporated DNA groups. Negligible amount of anti-dsDNA
breakthrough occurs leading to a low bed adsorption capacit@ntibody molecules adsorbed on the hydrophilic mPHEMA
These results are also in agreement with those referred to ti€ads, which was about 0.14mg/g. DNA incorporation
literature[40,41] When the flow rate decreases the contact timesignificantly increased the anti-dsDNA antibody adsorption
in the column is longer, intra particle diffusion then becomescapacity of the magnetic beads up to 97.8 mg/g. Itis clear that
effective. Thus, anti-dsDNA antibodies have more time to dif-this increase is due to specific interaction between DNA and
fuse the porous magnetic beads and a better adsorption capacijti-dsDNA antibody molecules.
is obtained.
3.3.3. Comparison of magnetically stabilized fluidized bed

3.3.2. Effect of anti-dsDNA antibody concentration and batch system

Fig. 3 shows the effect of anti-dsDNA antibody concentra- Column-type continuous flow operations appear to have a
tion on adsorption. As presented in this figure, with increasinglistinct advantage over batch type operations because the rate
anti-dsDNA antibody concentration, the amount of anti-dsDNAof adsorption depends on the concentration of solute in solution
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100
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100 |
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—&— mPHEMA
—*— mPHEMA/DNA
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Adsorbed Antibody (mg/g Polymer)
Adsorbed antibody (mg/g polymer)

o | " " 1 1 1 1 1
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Antibody Concentration (mg/ml)

Reuse Number

Fig. 3. Effect of anti-dsDNA antibody concentration on adsorption capacity;Fig. 4. Reusability of mMPHEMA/DNA beads. DNA loading: 4.4 mg/g; flow-
DNA loading: 4.4 m/g; flow-rate: 0.5 mi/mirf: 25°C. rate: 0.5 ml/min; anti-dsDNA antibody concentration: 1.86 mg/fmR5°C.

being treated42]. For column operation the adsorbents aremignt change the charge of the peptide side groups, due to their
continuously in contact with a fresh solution. Consequentlyjsoelectric points, resulting in the release of the anti-dsDNA
the concentration in the solution in contact with a given layerantihody molecules from the matrix. Desorption of anti-dsDNA
of adsorbent in a column is relatively constant. For batChyniihody is achieved under relatively mild conditions (pH 4.0)
treatment, the concentration of solute in contact with a specifigompared to conditions employed during protein A affinity
quantity of adsorbent steadily decreases as adsorption proceeggsorpents.

thereby decreasing the effectiveness of the adsorbent for |, orderto showthe reusability of the mPHEMA/DNA beads,
removing the solutélable 3compares the adsorption capacity the adsorption-desorption cycle was repeated ten times using
of anti-dsDNA antibody in batch and MSFB column operations.the column. For sterilization, after each adsorption-desorption
The MSFB column capacity was found to be higher than thecycle, column was washed with 50 mM NaOH solution for
batch capacity as shown Wiable 3 This means, in equilibrium 30 min, After this procedure, column was washed with dis-
binding experiments, maximum adsorption capacity was 14%jled water for 30 min, then equilibrated with the phosphate
lower as compared to the value obtained in MSFB. The highegfter for the next adsorption-desorption cycle. At the end of
column capacity may be due to the fact that the continuouslye, adsorption-desorption cycles, anti-dsDNA antibody adsorp-

large concentration gradient at the interface zones occurred ggp, capacity decreased 2.6% using 1.0 M NaCl at pH 4.0 in
to passes through the column, while the concentration gradiepfetate bufferfig. 4).

decreases with time in batch experiments.

4. Conclusions
3.3.4. Desorption and regeneration of beads

Desorption of anti-dsDNA antibody from mPHEMA/DNA  conyentionalimmunoadsorption methods based on the use of

beads was also carried out in magnetically stabilized fluidized, compination of classical chromatographic techniques are very
bed using 1M NaCl at pH 4.0 in acetate buffer. The magnetigime consuming43—45) Magnetically stabilized fluidized bed
beads adsorbed with the different amounts of anti-dsDNA antignaples the use of magnetic processing for rapid and selective
bodies were placed within the magnetically stabilized column emqyal. Magnetic separation has several potential advantages
and the amount of anti-dsDNA antibody desorbed in 1 h wagyer conventional approaches. Magnetically stabilized fluidized
determined. The higher desorption ratio was obtained Usingeq cartridges require high flow-rates with a much lower oper-
1.0M NaCl at pH 4.0 in acetate buffer after one adsorptioning pressure than a packed bed column. In this technique, the
desqrptlon cyclle..These results may be contrl_buted to desorptigflomolecule to be separated can be directly transported by con-
medium containing 1.0M NaCl at pH 4.0 in acetate bufferyection to the ligand immobilized on the surface of the beads,
higher throughput and faster processing times onto the affinity
Table 3 beads can be achieved. mMPHEMA beads were produced by sus-
Adsorption capacity of anti-dsDNA antibodies in batch and MSFB column pension polymerization of HEMA. DNA was then immobilized

operations to the beads (4.4 mg/g), which resulted an anti-dsDNA antibody
Batch capacity (mg/g) Column capacity (mg/g) adsorption of 97.8 mg/g from SLE patient plasma. Successful
8584 1.4 97.8:16 desorption ratios (more than 98% of the adsorbed anti-dsDNA

antibody) were achieved by using 1 M NaCl at pH 4.0 in acetate
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buffer. It was possible to reuse these DNA-affinity beads withouf20] C. Martin, J. Cuellar, Ind. Eng. Chem. Res. 43 (2004) 475.
marked reduction in the adsorption capacities. [21] A.S. Chetty, M.A. Burns, Biotechnol. Bioeng. 38 (1991) 963.
[22] S. Akgdl, A. Denizli, J. Mol. Catal. B: Enzymatic 28 (2004) 7.
[23] A. Denizli, E. Piskin, J. Chromatogr. B 666 (1995) 215.

[24] A. Denizli, A.Y. Rad, E. Piskin, J. Chromatogr. B 668 (1995) 13.
[25] A. Denizli, E. Piskin, J. Chromatogr. B 670 (1995) 157.
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