Pati ent.- specific i munoadsorbers for the extracorporeal apheresis and
methods for their preparation Description The invention refers to the
preparation of inmmunoadsorbers on the basis of specific antibodi es and/ or
antigens which, as a result of inmunopathol ogi cal processes proceeding, are
responsi bl e for causing or maintaining many di seases. This allows to
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new possibilities for investigating the causes and developing therapies. '

The functional basis of the immunoreaction is complex and based on the well-
regulated interaction between local and system-effective cellular and humoral
elements of a non-specific defence and the system of specific defence consisting of
activated cells of the lymphopoetic system and the mediators and antibodies
produced by them.

Depending on the type of stimulation the predominant defence activities may vary.

This augmentation of the state of defence is brought about in a natural way during
an infection event or artificially, i.e. medicamentously. This is effected through the
_system as well as locally through the mucosas of the respiration, digestion and
urogenital tracts.

By nature the organism reacts immediately to an infection. The quality and quantity
of the immediate reaction depends on the type of antigen and the place of invasion.
In principle, equal reactions will proceed when giving vaccines or other exogenic
substances. A specific defence, measurable e.g. by the detection of specific
antibodies, will become effective only after a few days. After eliminating the
releasing cause the production of specific antibodies will decline and finally be
stopped. After the biological degradation of antibodies only the presence of specific
"memory cells’ indicates which antigens the organism had to put up with in the past.
Under certain circumstances, in particular, causes which mostly may no longer be
stated, the organism reacts hyperactively to endogenic structures. The developing -
autoimmunoreaction resuits in a continuous destruction of the endogenic tissue the
decomposition products of which, on their turn, stimulate the immune system. If this
pathological regulating cycle will not be interrupted the consequences will be finally
fatal, at least for the tissue concerned..

Diseases of an immunopathological genesis or participation are met frequently.
Because of their chronic course and the difficulties to treat them they remarkably
affect the quality of the lives of the people concerned and cause an enormous loss
for national economy. One of the autoimmune diseases occurring most frequently is
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For a muititude of autoimmune diseases and diseases of an immunopathological
participation plasma exchange and plasma sorption were applied successfully (R. T.
Baldwin, R.R. Pierce and O. H. Frazier: Guillain-Barre syndrome after heart
transplantation. J-HEART-LUNGTRANSPLAN: 11 (1992), 817-819; J. Braun, J.
Sieper, A. Schwarz, F. Keller, J. Heitz and H. V. Ameln: Severe lupus crisis with
agranulocytosis and anuric renal failure due to a mesangial lesion (WHO 1IB) —
successful treatment with cyclophosphamide pulse followed by plasmapheresis (2).
BR-J-RHEUMATOL.: 30 (1991), 312-313; P.C. Dau: Plasmapheresis in acute
multiple sclerosis: Rational and results. J-CLIN-APHERESIS: 6 (1991), 200-204;
H.H. Euler, J. O. Schroeder, R. A. Zeuner and E. Treske: A randomized trail of
plasmapheresis and subsequent pulse cyclophosphamide in severe lupus: Design of
the LPSG trial. INT-J-ARTIF-ORGANS: 14 (1991), 639-646; D.C. Hess, K. Sethi and
E. Awad: Thrombotic thrombocytopenic purpura in systemic lupus erythematosus
and antiphospholipid antibodies: Effective treatment with plasma exchange and
immunosuppression. J-RHEUMATOL: 19 (1991), 1474-1478; RT. Korinthenberg and
M. Sauer: The Gullian-Barre syndrome in childhood. Clinical course and therapeutic
measures. MONATSSCHR-KINDERHEILKD: 140 (1992), 792-798).

Plasma exchange is the oldest therapeutic method with separated plasma
(membrane plasmapheresis or centrifugation) being rejected and simultaneously
substituted by donor plasma or human albumin. During a treatment the simple up to
doubie quantity of the plasma of a patient is exchanged. This method is not
selective. To remove one or a few pathogenically important components the whole
plasma is exchanged and substances which are essential to the patient are rejected.
This has serious consequences for the patient which are tried to make good by
means of various substitution therapies. In addition, the danger of transmitting
pathogens such as HIV or the hepatitis pathogen arises.

In plasma sorption the plasma separated before is directed through adsorber
material. Substances bonding to certain plasma components are coupled to the
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Table 2:

Autommune diseases with successful apheresis/immunoadsorption treatment

- rapidly progressing glomerulonephretis, focal glomerulosclerosis

- systemic lupus erythermatodes

- antiphospholipid syndrome

- vasculitides; e.g. periarteriitis nodosa, M. Wegener

- rheumatoid arthritis

- immunological thrombocytopenic purpura

- inhibitors against coagulation factors

- hyperimmunized or ABO-incompatible prospective transplantate recipients

- polymyoisitis .

- neurological diseases; e.g. Guillain-Barre syndrome, polyneuropathy, amytrophic
lateral sclerosis, myastenia gravis, multiple sclerosis '

Disadvantage of medicamentous therapies applied in the case of autoimmune
diseases '

Medicamentous immunosuppression is non-selective and non-specific. Also new

" immunological therapies (monoclonal or polyclonal antibodies against activation
markers or receptor structures of immune cells and mediators) suppress the immune
response non-selectively and/or induce, on their turn, immunity phenomena in the
organism.
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Liberti and Pollora (US patent 4.551.435) describe a method for the elimination of
substances and immune complexes from blood by adding specific antibodies of a
specific concentration to patient’s blood forming then immune complexes with the
substance to be eliminated. They are eliminated from the blood by means of factors
such as C1q, rheumatoid factors, Fc receptors and cells bearing Fc receptors
immobilized on a solid carrier. The application of this method presupposes the cause
to be known which is not the case in most of the cases of autoimmune diseases and
that the causing antigen will have to be available in a purified condition for the

- production of antibodies. The immune complexes themselves are removed non-
specifically, not through protein A but through biomolecules, having, due to
physiological reasons, a high affinity to immunoglobulins.

It should be considered that the pathophysioclogically relevant immunostructures vary
in individual automimmune diseases, even immunity phenomena of one and the
‘same disease do so. The use of the apheresis systems so far available does not
only result in an elimination of the immunopathologically relevant but also
physiological immunoglobulins — which are essential to endogenic defence. The
result is a general weakening of the immune system with the risk of septic
complications.

The invention is aimed at making available a therapy for patients suffering from -
diseases which are caused by a dysregulation of the immune system or which
through immunopathological processes develop into chronic forms difficult to treat. it
is based on the task to develop a specific immunoadsorber for a respective patient
by means of which it will be possible to remove pathogenetically important immune
complexes, autoantibodies and antigens from the blood or plasma of the patients
through adsorption.

This task is accomplished in confomiity with claims 1 and 7, the subclaims are
preferential variants.

To this end, immune complexes are removed from the plasma of the patient by
means of known methods, e.g. protein A immunoadsorbers, and after having been
eluted appropriately decomposed into their biologically active components. Now, the
components may be coupled to an appropriate carrier material applying known
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immune factors of patients bonded to activated solid carrier materials. It contains
antigens and/or antibodies separated from patients suffering from diseases which
are caused or maintained by dysregulation. Autoimmune diseases or
immunopathological states of reaction are, inter alia,

rheumatoid arthritis, rapidly progressing glomerulonephritis, systemic lupus
erythematosus, antiphosphoid syndrome, vasculitides, histoincompatible recipients
of transplantates, polymyositis, neurological autoimmune diseases or
immunopathological dysregulations as a result of infectious diseases. All biologically
compatible substances which are able to bond covalently to their surface sufficient
components of immune complexes are suited as carrier materials. Sepharose and
pearl cellulose are preferably used.

E{ﬁs -

The method for the preparation of patient-specific imnmunoadsorbers is marked by
the following stages:

‘First of all, immune complexes are removed from the plasma of patients by means of
non-selective methods, e.g. protein A immunoadsorbers, and after having been
eluted appropriately they are decomposed into their biologically active components.
Now, the components-may be coupled to an appropriate carrier material separately
or individually or a as a mixture of antibodies and antigen applying known methods,
e.g. gel chromatography. The decomposition of the immune complexes into their
individual components in an acid or alkaline medium, preferably at pH regions of 2-5
or 10-12 which, in the case of need, after fractionation and, if necessary, after
adding ‘salts such as NaCl, MgClI2, LiCl or urea or guadinine hydrochloride which are
suited to keep the reactants after reaching a certain concentration in a dissociated
state are coupled to solid materials in a pH region of 2-12 applying methods, in
principle, known.

With the aid of these immunoadsorbers it is possible to remove from the plasma of

. the patient specifically "his” immune complexes, antibodies and antigens relevant to
the disease by means of extracorporeal immunoadsorption. These columns may be
reactivated and are envisaged for multiple use. In general, it is possible to produce
such patient-specific immunoadsorbers for all diseases where autoimmune
complexes play a pathogenetic part.

In addition to being applied in therapy this method allows to isolate substances from
the blood of a patient which, at least, have a share in causing the immunological
dysregulation. This simplifies the investigations relating to the pathogenesis of
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Patients suffering from autoimmune diseases such as e.g. rheumatoid arthritis, lupus

erythematodes or multiple sclerosis are subjected to an extracorporeal aphoresis
using staphylococcal protein A immunoadsorbers. Upon conclusion of an aphoresis
cycle the column is thoroughly washed with a buffer where detergents were added or
adsorptively bonded plasma components are removed from the column by an
increased ion concentration (e.g. 1-3 mol/l NaCl). The release of adsorptive plasma
components is checked by electrophoresis or an immunoassay of the rinsing buffer.
Thereupon, immunoglobulins, immune complexes and the dissociated immunological
reactants are eluted by means of a pH gradient (e.g. citrate or acetate buffer, pH 7 —
2) or concentrated salt solutions with a varying pH (between 4 and 7). By means of
electrophoresis, chromatography or other appropriate separation processes the
eluted fractions are analyzed for their protein spectrum and the degree of
dissociation of immune complexes.

Fractions the immune complexes of which are spilit up into their reactive components
are used for immobilization on solid carriers. Before being coupled they may be -
separated upon request applying appropriate separation processes. The

components of the immune complex are coupled individually or as a mixture to

carrier materials activated by ONB-carbonate or H-hydroxy succinimide ethyl ester
adopting known methods. After removing all components not bonded a patient-
specific and regenerable immunoadsorber will be available with the aid of which only
substances responsible for the immunopathological humoral dysregulatlon maybe
removed selectively from the blood of a patlent

Hereinafter, the invention wnll be explained in greater detail by means of examples of
executlon
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state are coupled to solid materials inya pH region of 2-12 applying

met hods, in principle, known. Wth th(r,gai d of these immunoadsorbers it is
possible to renove fromthe plasma of the patient specifically "his" inmmune
cogplexes, anflbodies gnd antigens relevant to the di sease by neans of
extracor poreal | no rof -4, =1

envi saged fbr @W@ﬁ@%ﬁ@?ﬂ@ﬁﬁ]&E{é%ﬁe'ﬁée@‘ﬁgf Eﬁﬁﬁéré’ 4 a[lb;irbare
pati ent - speci f | CAtANREAL AR5PS Of Stf‘fﬁ't'oé‘l? d'f@%'a‘gé@ @ﬁ%ﬁ@ ﬁﬂ{éoﬁ glgﬁ el;
conpl exes pl ay @D%ﬂ"ﬁd@f@?\l@ﬂ?ﬁ §7a|('t_. In addition to being applied in
therapy thbp me5doy of antikodies pudfied by effiity.erematowRpHd BOBUOh! o
patient which, péutraized, elbtiorebaffet)dlow iate:02d snifyirt washing buffer RS, 3 M of
dysregul ati on. NBCE(sH B0): bivtiontdte flow eate ofat mting;, @34 afghe @ntibedies

pat hogenesi s of ygarad were eluted " 6 aut oi nmune

i seases og) di's .%’g‘?gipogra;g%daﬁ?{‘ By Bogisy Teg rpret | ons.
i nmune conpl exe r fic o 2 " - B Y
e Ty L

are removed. 2.NaCh(R 108 Al S Tlow

necessary offgredamernei lutesh of di seases such as HIV is excl uded,

addi tional costs are avoi ded). 3. W t hout knowi ng the cause of the
di sease patient-specific immunoadsorbers may be prepared at |ow

costs. ThugsM Seaeliéiof ekeaitipeut i cal instruments may be provided al so
fO[ such aurtoOl rrLrune |sease{s for V\/mmcé; owing to the | ow si ckness

rate, purppeollby SSRLORTRP I ddtelmfitiohYorihé boRd dy SrPRARAIIqE
costs; 4 %r' ?gf(nlmc%}%/ S an?'tg Iﬂdwfebsas\goéozgl va?é@dir%ﬁjpo% t6 sbBhafoddertd O

mai nt ai ni nbantlgen zed by Means
at a pH of 3.0 by affinity chromatography using anti-human IgG (antibodies) in

excess — Table 4

Human IgG (sigma) was dissolved in the coupling buffer for coupling and filtered (0.2
um). This solution was added to the activated sepharose wetted by a solvent.
Coupling was effected at room temperature (1 h) under careful movement. After
having been blocked (1 M of ethanol amine in 0.1 M of borate, pH 8.0) for 1 h the
gel was intensively washed, e.g. in a frit always with 10 times of the column volume
in the following order: coupling buffer — water — 0.01 HCI — water — 24 h 0.1 borate
buffer, pH 8.3 — water.

Affinity chromatography was effected at 2-6 °C with the ECONO system (Bio-Rad)
using an Omnifit column 5.0 x 0.3 1.D. (350 ul of gel). Flow rates between 0.25 and
1.0 mi/min. were chosen. The elution was measured by means of an
UV-flowphotometer (280 nm). After bonding and washing with PBS the antibodies
were eluted according to the flowing programme: .

1. 30 min PBS

2. 60 min3Mof NaClpH 5

3. 30 min. PBS

4. 60 min. 0.1 M of glycine*HCI pH 2.0

5. 30 min. PBS

6. flow rate: 0.25 ml/min.



- an aut oi mmune di sease of an i ndivi dual

patyent may be specifically

enri ched, i solated and thus provided for further investigations. The
i hvention will be explained injgreater detai I herel nafter. gPatients g
suffering from autoi mune di seaSes®sfch?ad e”g™ rflethafoj d Brhri ti, Bl upus
eryt hemat odes or nmultiple sclefjosis are subjected to an xtra@orpovﬁea#
aphoresi s using staphyl ococcal |protein A i munoadsorbers| Uporg con@- u8i on
of an aphoresis cycle the colugm is thoroughly washed wifh a tSUffeur‘% V\Eere
detergents were added or adsorptively bonded plasnma conp et § ar e o eSoved
fromthe colum by an increased ion congentration,(e; g3 mE/I @CE)
The rel ease of adsorptive pi asie cema;onenbs &S cchecl¢edob e el e rop@r§3| S
or an imunoassay of the rinsingg buffer. Thereupon, i mujrogl olgulin ‘mrune
conpl exes and the di ssoci ated ijmunol ogi cal - reactants arp el uted by ngans
of a pH gradient (e.g. citratefor acetate buffer, pH 7 -{2) or conéeng.rat ed
salt solutions with a varying pH (between 4 and 7). By ngans of o
el ectrophoresi s, chromatography sorqohes appeopy i q s&p ati pr@egses
the eluted fractions are anal yz&d o tHeit ‘prO‘teF .sp‘éc um and t g E-.egree
of dissociation of imune conpllexes. Fractions the'fimmu | ex&Ss usf
which are split up into their neactive conponents are usgd fo= g _g
i rmobi i zation on solid carriens. Before being coupled they my be® 2
separated upon request applying appropriate separation p cesses 'Enei"
- conponents of the inmmune conpl ¢x are coupl ed_i ndi yi duaLl j5 or & a rﬁxs,ure
to carrier materials activated [y X ﬁl\lﬁcarlﬁbnﬁté‘-’-or H—h§dr‘0xy fucci i@ nEde
et hyl ester adopting known metrods K t3r T efrovi ng 4all cpnponént s rot 8
bonded a patient- specific and|r&generabl e i munoadsorbel wil £ be eg/aE_I abl e
with the-aid of which only subgtances responsible for thg g TR
i mmunopat hol ogi cal hunoral dysnegul ati on may be renoved gel ecti vl Ef.g-om
the bl ood of a patient. Hereinafter, the invention will{be expl§i rﬁedg_in
greater detail by means of exanples of execution. g 2 2 2 %
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1[err] exanple of execution Mdel expdrtnents for the determ nation of
the biological activity of immbilized human 1gG by bonding anti-human 1gG
(goat) - Table 3 Human 1gG was coupled to the respective carriers
(sepharose 6FF and pearl cellulose) given elution conditions. Cl-CO ONB

activated o i h‘ib‘é' ox. 30 [err]nol of ONB-carbonate group_s per m
wer e used %Tcgg%llﬁit%g hﬂ%gﬁélge 1 mM of antiserum (5.3 ng of anti-human

g6 were @/ ut 1 of PBS and applied to the respective carriers
(flow rat e:(E'%. 1%%‘%W°F§5The col ums were washed with a few col um vol unes

of PBS and 3 Mof NaCl, pH5.0. The elution was effected with 0.1 M of

gl yci ne HOBAR . @ltigngf theaatibodiestheormled infthe bateh process (1 experiment) @ifter
[err] Q. The comashingwitb B8 imptheteolumwas det er i ned spectrophotonetrically
at a wavel ength of 280 nmafter the eluates were neutralized with 0.5 M of

KLer r] HPOl @] aﬁhﬁ?c_ﬂiéb Qﬁfg\"@d %ﬁaﬁbﬁﬂllf gﬁ%?i%ﬁ%mons' ﬁgtr%qkﬁtgp phSLeds?
relf ate (o} e : .
phosphat e buffe?@ég.d&;&aﬁopﬁ@mégt @g,tﬁp 7. 2). [err] '

ML *micro™affinity chromatography with traditional loading by puriﬁéd antibodies

MC *micro™ affinity chromatography with loading of the column by circulation of
the purified antibodies

| MCAC *micro™ affinity chrc:natography with antiserum, diluted in PBS, by circulation.

a) To remove the antibodies offered in excess and/or adsorptively bonded

proteins it was washed with PBS. Washing was interrupted by a few hourly
. intervals (or 16 h) before the elution programme was started.
b) The quantity of the anti-human IgG (antibodies) was spectrophotometrically
- determined at Azs0 (E *' * = 1.38) after neutralization with 0.5 M of K;HPO,. A

bonding capacity of 100 % is assumed if each immobilized IgG molecule will
bond 2 molecules of anti-IgG

c) antiserum, diluted 1:8 in PBS

3™ example of execution

é) Elution of anti-HSA (rabbits) by HSA fkom antibody-antigen complexes
applying HSA-coated microtitration plates for the determination of optimum
elution conditions for affinity chromatography (Table 5).

The 96 well microtitration plates were coated with HSA. Each well was
incubated with 0.1 ug of anti-HSA. Anti-rabbit IgG conjugated with alkaline

- phosphatase (substrate: 4-nitrophenyl phosphate, A4s nm) served as
detection system (ELISA). 200 pl of the respective elution buffer were pipetted
into the wells. The elution was effected at room temperature in the course of
an hour with the microtitration plate being moved constantly. After the wells
had been washed thoroughly anti-HSA was detected. For the evaluation the
average value of the measurements of always 8 wells was formed (% CV =
4.4). The percentage of anti-HSA antibodies eluted with PBS was fixed with O
%. '



a) activated with C1-CO-ONB in the pre_seﬁh%e of tertiary am nes (base
catal yzed); degree of activation: 20 [err]nol of ONB-carbonate groups/m of
gel ; coupling efficiency: 57 %bh) 53 ng of antibodies purified by
affinity chromatography in 9.2 m of neutralized elution buffer; flow
rate: 0.1 i/ m g thl ng buffer PBS, 3 M of NaCl (pH 5.0); elution
at a flowrate 01a m/mn.; 63 %of the antibodies of fered were

eluted. c¢) 5. bodl e ur| fi | e affinity chromatography in
9.2 m of %’?é‘l’ﬁ r@lpq;pv %'r@wgeat@omuezem /mn; washi ng
buffer: PBS, 3 Fiued antl-HSNaﬁDtleﬁwsd%))) eI ution at a flowrate of 0.5

m/mn.; 70 %of the antibodies - offered were el uted. 2nd exanpl e of
execution MdePBSpH Vigents for the determingtion of the bonding capacity
of human 190G (apg$Y) % d,fr@ggl Hz;eg by means gf base-activated

ONB- car bonate s agpH of 3.0 by f| ni ty chromatography using

anti-human | gG am (Ic*c'l ggﬁ peess - Tabl Human 1gG (si gma) was
di ssolved in the’ ' % ?Fif*or couplln dfiItered(O [err]m.
This sol ution @MPCF 3te RE 38( i vat ed sep ose wetted by a sol vent.
Coupl i ng was ef Pl@ MptgitraigopHt 4fer ature (1 &) under careful novenent.
After having beBd OoMcﬁkakf(ﬂaf@lpldﬁﬁ*et hanol ani in 0.1 Mof borate, pH 8.0)
for 1 h the gel Oviahl ofrtitcate/pldsphates lpHi7. 3. g. On a frit always with 10 tinmes
of the col um vOl1uNedficitratedptiasphate, pH eroder : goupling buffer - water - 0.01
HC - water - 24 MObfkittatefiifosphate, pH 5.0 0

0.1 M of citrate/phosphate, pH 4.0 2

. (

3.00 M of KSCN, pH 7.3 , 41
3.00 M of NaCl, pH 5.0* 0

3.00 M of guadinine*HCI, pH 7.3 66
4.00 M of guadinine*HCI, pH 7.3 0
6.00 M of urea, pH 7.3 7

0.10 M of borate, pH 11.0 35
0.10 M of phosphate, pH 11.5 49
0.10 M of phosphate, pH 12 N

° with 0.015 % of Tween 20

a) Ifmmo'ﬁbilization of anti-HSA-HSA on base catalyzed, activated ONB-carbonate
sepharose 6FF in coupling media used as elution media for immunoaffinity
chromatography (Table 6)

The coupling media where protein had been added and which were filtered

(0.45 um) were added to the wet activated ONB-carbonate sepharose 6FF. Coupling
was effected for one hour at room temperature under slight movement. Thereupon,
blocking was effected for one hour at room temperature with ethanol amine in borate
buffer (pH 8.1). The ONB-carbonate groups were determined spectrophotometrically
(Amax: @PProx. 267 nm).

0.5 M of phosphate buffer, pH 7.3, served to determine the reference value for a
maXImum immobilization.

Washing was carried out as in the 2™ example.

Anti-HSA antibodies were obtained by a preliminary experiment by means of affinity
chromatography (0.05 -0.1 M of citrate, pH 2.0), neutralized with 0.5 M of K;HPO.,,
stored at — 20 °C and after thawing set to a pH of 3.0 or 4.0 by diluted HCI for
coupling.



buffer, pH 8.3 - water. Affinity 'chrorratpggaphy was effected at 2-6 [err]C
with the ECONO system (Bi o-Rad) using an Omifit colum 5.0 x 0.3 1.D. (350
[érr]] of gel). Flowrates between 0.25 and 1.0 m/m n. were chosen. The

el ution was neasured by neans of an UV-fl owphotoneter (280 nm). After

DONC NG 285l BB HOBNR BH B T 1
TR - cf o A il e o

flowrate: _0.25 m/mn. Jerr] RAT room tenperature 01 %
The protein was determined spectrophotometrically OD.g nm (antibodies E ™' * =

1.38 and HSA E °'* = 1.67) in the coupling buffer. After treating the gels with 1 N
NaOH in the supernatant liquid according to Lowry the immobilized proteins were
determined. T

The result of coupling (%) is the relative quantity of immobilized protein related to
the protein quantity offered.
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. phosphat ase (substrate: 4-nitrophenyl phosphate, [err] nn) served as

" detection system (ELISA). 200[err] of tSrespective elution buffer were
pi petted into the wells. The elution was effected at roomtenperature
in the course of an hour with the mcrotitration plate being noved

const ant | y 4*Afxamriplé lof exetlition had been washed t horoughly anti-HSA was
detected. For the evaluation the aver age val ue of the neasurenents of

al ways 8 vg) t%g%fﬁﬁ%%gg%a%?@g O(b\clamng?tzalﬁiy) of BRiBEAS BRY HfinBlidly midEhs
e ) 74

B ution bu moge; aftérimmailization eiyen splitipessanditions for inimupg

anti - HSA afPMpiRKesd PBS, pH 7.3 0

PBS + 1 %of SDS, pH 7.3 .51 0.10 Mof citrate, pH 2.5*

100 Givarpelutioh aonditians, (ppt-8.9; pH 4.0; 4 M 8f guanidinedHOW) a8 désaribedhinghepH

3.5* 37 and 3" exdmplesidfaixecitiorabase patalyzet, activated ONB-carborfaté0 M of

citrate, pkephérbse 6FF Wa8 coupled toGnti-NSAJHSA! AfteEMaBRFRI G tRe cBltimin $ISA Br

0.1 M of Cbhfiﬁl-’I§AWE?éFbkl‘l%?§d iPictdhding buffer. Aftef répd4tel wasHiRg 8f Uﬁjne’

Eggfl 0 Owéth PBS tfe SifioH (pH 2075h cﬁ%@ﬁ@a&&dﬁn tigg f the proteify of
, pH 7. . o e . 0 ) .

3.00 Mof GRackmralionyere effecled “5¢

By these model experiments it was detected that the antigen (HSA) and the
antibodies (anti-HSA) from immune complexes (anti-HSA/HSA) immobilized on a
carrier under splitting conditions maintain their bondability. The immobilized HSA
from immune complexes has always bonded anti-HSA which after repeated elution in
ELISA was characterized by a high reactivity to HSA (resuits were not represented).
Assuming that 1 mol of HSA bonds one mol of anti-HSA 0.9 mg of HSA/ml of gel
from immune complexes bonding 2.1 mg of anti-HSA were immobilized (3“
experiment). Similar results could be reproduced by the experiments 5, 7, 13 and 16.
Anti-HSA (rabbit IgG) immobilized from immune complexes is also efficiently
immobilized in this model given standard coupling conditions - the success may be
proved by anti-rabbit IgG — yet, coupling is here, obviously, effected in a molecule
region resulting in steric hindrances for bonding HSA. The antibodies themselves
maintain their biological activity. :



4.00. M of guadinine*HCl, pH 7.3 90 6.00 Mof urea, pH 7.3

7 0.10 M of borate, pH 11.0 Ab 35 0.10 M of phosphate, pH
L 1.5 49 0.10 Mof phosphate, pH 12 91
with 0.015 % - 2y oDt ' n- basey
catal yzed, acjivated ONB-carbonate sephar ose 6FF in I ng ﬁe@a
used as el uti gedgar-f o tgrmjngaf:gl Mty = » gch ot Bgr blg %
The coupling [Bdf owhgr .ppeot had“beg °a afnd vvh;clcr° | t@ré
(0.45 [err]n{se E %\é gctm g r oge SHFF.
Coupl i ng was B f t%d S-n hfursaf r@of t r%t htg. @
nmoverment . Thef®ufon, bl dgking was ef fecfed for $ne hod_f"> engegat ur e
with ethanol H#iRe in borate buffer (pH—-8 1). ¥he O\B-gar bc r o@p$ were
det er mi ned spnctr‘ophoto trically ([err_ﬂ‘ approz;3 267 1) 0.5 M ofo ?g
phosphate bufferg pH 7. 3% served to det®rm ne #he ref eu:encé val férga
maxi mum i nmob I i gation. ®Washing was cafried olt as in”the|2nd anpl e
Anti - HSA anti podi es were obtained by a prelininary experinmgnt b meﬁn% of
affinity chrofrat ography (0.05 -0.1 Mof citrate, pH 2.0), reutrgl iz@d®with
0.5 Mof Klery]HPO err], stored at - 20 C and after thaw ng set o%EHof
3.0 or 4.0 by|diputed HE for cBupling.e e w g5 § @ 8
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and added

The

ally C[{ep;] nm (anti bodi es E

I gen-anti body m xture.

set to the respective pH by diluted HC

to the anti body solution to couple the

“ HSA was di ssol ved i n PBS,

4

protein was determ ned spectrophotonetr

e
o
7.0 m..m”E-—o_
© o @i-HSA/HSA 1:1, 4 M of 7.3 mg anti-HSA 470 0.5 ml/min., 180 min. 0.5 ml/min., 60 min, 4714
- C 5 O
7 S @»m. .9 mg/ml circulation (= 2.1 mg HSA)
8.5 19 ol _
S h
@) m anti-HSA/HSA 1:1, 4 M of 5.1 mg anti-rabbit IgG 360 0.5 mV/min, 120 min. 0.5 mli/min., 60 min. 1977
= < Byaft 4.9’ mg/ml circulation (36 %)
Q4= @
. 1
- — mm”ﬁ*mgm> 1:1,pH 3 5.1 mg anti-rabbit IgG 360 0.5 ml/min., 120 min. 0.5 m/min., 60 min. 1480
w. = &3 QQ.E_ circulation (54 %)
R0 5.@52
©
m c m SA,pH 7 5.1 mg anti-rabbit IgG 360 0.5 ml/min., 120 min. 0.5 mI/min., 60 min. 2246
— 3 H Rg/m circulation (100 %)
115 8. m/mol
2 BlsA, pH 3 5.1 mg anti-rabbit IgG 360 0.5 mVmin., 120 min. 0.5 ml/min., 60 min. 2246
- 28-mgiml circulation (48 %)
J2- M‘..wao_
c
.% m an isHSApH 3 13.8 mg HSA 926 0.5 ml/min., 120 min. 0.5 mY/min., 60 min. 100-200
= 2 3.m circulation
Z O O
%u.l M.uysomm
1 _ dRtsHSAMSA, 1:2, pH 3 6.9 mg anti-HSA 471 0.5 ml/min., 120 min. 0.5 mV/min., 60 min. 3586
L " T
TR wm\sm circulation (= 1.6 mg HSA)
4, 22.Fumol®
g wvmam*@mm? 1:2, pH 3 11.2 mg HSA 784 0.5 ml/min., 120 min. 0.5 mi/min., 60 min. 100-200
" mmmm:ﬁ circulation .
= — Om—
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Detection of the bi ol ogi cal activity (bondability)
anti bodi es by neans of the anti-HSA/HSA nodel
splitting conditions for immne c

after
| exes (Table 7)

of antigens and
i mobi lization giv
Gven elution

en

conditions (pH 3.0; pH 4.0; 4 M of guani di ne*®Cl)
1[err] and 3[err] exanples of execution base Eat al
ONB- car bonat e sepharose 6FF was coupled to an%i-HE
the colum HSA or anti-HSA were offered in thg bor
repeat ed washing of the colum with PBS the e;utic
photometric determ nation of the protein concgntrg
t hese nodel experinents it was detected that &he 3
anti bodi es (anti-HSA) frominmmune conpl exes (gnti -
carrier under splitting conditions maintain t&eir

i mobi | i zed HSA from i mune conpl exes has al ways 1
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HSA (results were not represented). Assuning ®hat
nol of anti-HSA 0.9 ng of HSA/m of gel from&mmun
ng of anti-HSA were imobilized (3[err] experEnent
be reproduced by the experinments 5, 7, 13 and&16.
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nodel given standard coupling conditions - the sug
anti-rabbit 1gG - yet, coupling is here, obviously
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t henmsel ves maintain their biological activity.
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5" example of execution

Affinity chromatography of the plasma of a patient'suffering from lupus
erythematodes (at the same time standard method)

The plasma of a patient suffering from lupus erythematodes was available. A protein
A column (PHARMACIA) was applied for obtaining the total Y-globulines. The
immobilization of the antibodies was effected through ONB-carbonate activated
sepharose 6FF (20umol/ml).

Buffer solutions for immunoadsorption

buffer PA, pH 7.0 1000 ml The pH is set by HCI or NaOH.
trisodium citrate 3.30g
sodium acetate x 3 Hz0 545¢g
sodium chloride 490 g

disodium hydrogenphosphate 2.91 g

potassium dihydrogenphosphate 0.26 g

eluant PA, pH 2.2 1000 mi The pH is set by HCI or NaOH.
citric acid x Hx0 6.12¢g

sodium chloride 9.00g

washing buffer 3 M of NaCl 1000 mi The pH is set by HCl or NaOH.
pH7.0 - '

trisodium citrate | 3.30g

sodium acetate x 3 H20 545¢g

sodium chloride _ 175.00 g

disodium hydrogenphosphate  2.91 g
potassium dihydrogenphosphate 0.26 g

Tween 20 0.50g



Affinmity chromatography of the plasnma of a patient suffering froml upus
eryt hemat odes (at the sane tinme standard nethod) The plasma of a patient
suffering from |l upus erythenmatodes was@gail able. A protein A columm
(PHARMACI A) was applied for obtaining the total Y-globuli nes The .

act i val ed_ SUpReriorerEM zﬁ?gfﬁnﬁ’f‘%ﬁﬁ”e“ But 1 or $HER BrASHRHC! & NaOH,

|m'runoadsorqﬁfﬁ0(ﬂcld buffer PA, pH 7.0%5 1000 m The pH is set
by HO or NaOH trisodiumcitrate 3.30 g sodiumacetate x 3 H20
5.45 g sodiumchloride 4.90 g disodium hydrogenphosphate 2.91
g potassi yreodgdr ogenphosphat e O. 26 g el uant PA, pH 2.2 1000
m The pH is set by HC or citric acid x H20 6.12

_%OOSO?”I um %@3}{\ uplegi gl @%P@%ﬁtﬁ E )Wgéﬁwﬁbr%'téﬁ witR Burfer
of hlgh-spee cen lfugate résh plasia were mixed 1:2 with buffer PA

and applied. For the chromatography we used an Econo system (BIORAD). After
leaving the column the plasma was anew applied to achieve a complete adsorption.:
Intensive washing with 5 column volumes of PA was required to remove the material
not adsorbed. Non-specifically bonded proteins were removed by a washing buffer
containing 3 M of NaCl. The immunogiobulins and proteins eluted from the immune
complexes as a sharp peak by 0.1 M of citrate buffer, 0.05 % of TWEEN 20, pH 2.2.
The volume of the eluate totalled 6.5 ml. The protein concentration was determined
by means of UV-adsorption at A,s0nm with 17. 6 mg/ml. Immediately after elution IgG
and proteins available separately were coupled to the ONB-carbonate activated -
sepharose. To this end, 6 ml of the gel prepared according to the manufacturer’'s
instruction and sucked off were added to the eluate and shaken for 1 h. Owing to the
buffer effect of the proteins dissolved there the eluate has a PH between 3 and 4.
Free bonds had to be saturated by 1 M of ethanol amine in 0.1 M of borate buffer,
pH 8.0. By comparing the protein concentrations in the combined washing solutions
with the protein A eluate we stated a bonding efficiency of 57 %. After thorough
washing the gel is available as carrier for affinity chromatographic experiments.

For this purpose, 40 ml of patient’s plasma were centrifugated, diluted 1: 2 by PA
and put through the column 2 times. Non-bonded or non-specifically bonded material
were removed by subsequent washing with always 10 column volumes of PA,
washing buffer and PA. The specifically bonded protein was eluted by 0.1 M of
citrate buffer, pH 2.2 (Fig. 1).

The plasma proteins and the chromatographically obtained fractions were analyzed
according to standard methods in the course of SDS polyacrylamide gel
electrophoresis (SDS-PAGE) (Miniprotean I, BioRad). The gels were gradient gels
of 10 — 25 % monomer concentration. Colouring was carried out by coomassie
brillant blue R-250 (Figs. 2 and 3).

From Fig 2 there can be seen that still further proteins are contained in the protein A
eluate in addition to antibodies. After their immobilization they are in a position to
specifically bond the respective reactants from the patient's plasma. In the elution
peak 2 (0.1 M of citrate buffer, pH 2.2) a few proteins were identified in PAGE after
affinity chromatography. In addition to immunoglobulins and a few higher molecular
proteins 3 proteins, according to PAGE of the protein A eluate detectable only as
scarcely visible bands, were dec:snvely enriched (Fig. 3). They show a relative mol
mass of about 40 kD.



trisodiumcitrate 3.30 g sodiumacetate x 3 H20 5.45 ¢

sodi um chl ori de 175.00 g disodium hydrogenphosphat e 2.91 ¢
pbt assi um di hydr ogenphosphate 0.26 g Tween 20 0.50 g
citrate buffer 0.1 M pH 2.2 250 m2A The pHis set by HO or .NaCH.

| | @hth 5 Met hods: A protein A-coupled colum ( 5
-?ﬂlt(r):‘cggf @Wm%%_mwexam l fexecut'i_brizj gbrat ed with buL]l‘ogr ]I:’A 22 m :of h: ghdspged
at r,es | as xed12vmt ulf.er and applie or
A e R R e Or e
colum the Iasma was anew appl i ed to achieve a conplete adsorptlon
| nt ensi ve regimant of Q\Q:blana ebutionesf protain Avasd cogpling:df the eleate\protédins
mat eri al nmera@tfectmﬂanalogessﬂpctmtheté'l"Iexabm@eﬂemmnwnnﬂﬂbﬁmshﬁ@ved by a
washi ng buttisorptivelycdbondes protéing fisatthe iluhoadESBEP peciicatly
el uted fropoh Wﬂ?lﬁ%l@é@ﬁoﬂﬂr@ HREHCDP Rdardof eMti% &jffefr%rﬁch
butfer, 0.Qecofdiig t/EREE(FigPh), préved to be a protein mlxture containing mainly
immunoglobulins.

7™ example of execution

Affinity chromatography of the plasma of a patient suffering from rheumatoid arthritis

The treatment of the plasma, elutlon of protein A and coupling of the eluate proteins
were effected analogously to the 5™ example of execution. After washing
adsorptively bonded proteins from the immunoadsorber (peak 1, Fig. 6) specifically
bonded protein is dissolved from the matrix by means of the elution buffer which,
according to PAGE (Fig. 7), proved to be a protein mixture containing mainly
immunoglobulins.



The wol une of the eluate totalled 6.5 m. The protein concentrati on was
determ ned by neans of UV-adsorption at [err] nmwth 17. 6 ng/m.

| imedi ately after elution 1gG and prot eg avai |l abl e separately were

coupl ed to the ONB-carbonate activated g‘narose To this end, 6 mM of the
gel prepar i facturer's instruction and sucked of f
wer e addedttgg%ﬁﬁqogltﬁgtﬁeagﬁ gg?ﬁn for 1 h. OMng to the buffer effect of
the proteins dissolved there the eluate, has a PH between 3 and 4. Free
bonds had to be saturated by 1 Mof ethanol amne in 0.1 M of bor at e

buf fer, pHF&.0l: By conparing the protein concentrations in the conbined
washi ng soEtiamprofile bof thee plasmacoha patientaftenadsorptiardtossarphaiase 6HH coupledy
of 57 % Atd homologousaintibasiiesand batigers ascardingl telthe stendard method or
affinity chromat ographi c experi rrents For this pur pose, 40 m of patient's

lto: ﬁzsm werq- Hféjexéi'ld ca Iy dﬂYné’ mate Hﬁd\%\g{te rﬁerréo({?/ﬁ%%gtlﬁgm ’
subsequent t' W _Pb@r?ﬁ vo{e 56’\/' washi ng buffer and
PA. The spBBi gl oy s?yn 35 e| n! WEQF ifrg % of citrate buffer,

pH 2.2 (Fig. 1). The plasma proteins and the chromatographically obtained
fractions were anal yzed according to standard nethods in the course of SDS
pol yacryl am de gel el ectrophoresis (SDS-PAGE) (M niprotean I, BioRad). The
gels were figgd:ent gels of 10 - 25 % nononer concentration. Col ouring was

carried OUPAGE eptHEERkiats i the'protdlin' A &dIdmh Hefbresandafédcdlplingftoans NB2

~there can pgy hBiated 'skbhirdgseher proteins are contained in the protein
A eluate in a dltfblon to antFB lSjlyes After their |rrm)b|I|zat|on they are in

apOS|t|onto ecflc y bo espective re ent S
ol borm. Tty ”feaa?g%ﬁ%? G s =1 Sion B
pr ot ei ns V\B‘qu"ﬁ(ﬁﬁ“ qr@dn?ﬁ @s 1 et aftergaup|ing Wyrﬂﬁ at|eﬁ|a ddi tion
to i mmunogl obulins and a few h| gher nol ecul ar proteins 3 prot ei ns,
according to PAGE of the protein A eluate detectable only as scar cer
vi si bl e bands, were decisively enriched (Fig. 3). They show a rel ative nol
mass of abpjy. 340 kD.

PAGE of eluate which was obtained from the immunoadsorbent column at pH 2.2

after passing the homologous plasma

nos. 1-7/9-15 = peak fractlons nos. 8/17 =10 kD proteln marker, no. 16 = rinsing

F|g 4:
Elution profile of the plasma of a patient after adsorption to sepharose 6FF coupled
to the homologous antibodies and antigens according to standard methods

The marks give the exchange of buffer during washing and elution (loading of the
column is not indicated):
no. 1 — washing buffer, no. 2 -0.1 M of citrate buffer pH 2.2

Fig. 5: -
PAGE of eluate which was obtained from the immunoadsorbent column at pH 22
after passing the homologous plasma

no. 1= 10 kD standards, no. 2 = y-globulin standard, no. 3 = peak fractlon (peak 2,
Fig. 4), no. 4 = peak fraction after evaporation through amicon centrifree®



6[ err] exanple of execution ~Affinity chromatography of the plasma of a
patient suffering frommnultiple sclerosis The treatnent of the plasng,
elfution of protein A and coupling of the eluate proteins were effected
anal ogously to the 5th exanpl e of execzt' on. After washing adsorptively
bonded pr otggd from the i nmunoadsor be *%peak 1, Fig. 4) specifically

53
bonded pr otegiithd Srdffie SPINESHab AR A St d f UEER LoD
wnven, el MPNSIEA e el SR Bty P olbs

chromat ogr aphy of the plasma of afpati ent suffering from rheumatoid
arthritis Thegnarksagive the exchangepofbuffer duringi washing gndtetution\(laadingaf thé ng
of the el ugbkunm & motrindicatexr)ef f ect ed anal ogously to the 5[err] exanpl e of

execut i on. néf § e+ waslsihgtaffad seo. (2 ~9.4l M dfeitestd Huffer pHE-0/Tweehhso. 3— 0.1 M of

i munoadsocirite beffak pH 2f2 9. 6) specifically bonded protein is dissolved
fromthe matrix by nmeans of the elution buffer which, according to PAGE
(Fig. 7), proved to be a protein m xture containing mainly inmunogl obulins.

Fig. 7: :
PAGE of eluate which was obtained from the immunoadsorbent column at pH 2.2
after passing the homologous plasma

nos. 1-4 = proteins from the washing buffer, nos. 5/6 = peak fractions (peak 3, Fig.
6), no. 7 = 10 kD standards, no. 8 = y-globulin standard



Legend for the Figures 1 to 7 Fig. 1. Elution prof4’—l—e—e¥—{—he—p+4a3ﬁ‘a—of a
patient after adsorption to serpharose Gré coupl ed to hanol odi es
and antigens according to the standard t‘!ﬁod The mar llmjiiﬁim |ange
of buffer during washing and elution (loading of the

I ndi cat ed) : -tj%-."i?shl ng buffer, no. 2 - 0.1 Mof citrate buffer pH 2.2
Fig. 2: PA HEMI vat e fromthe protein A colum before and after

coupling to the ONB- carbonate activated sepharose no. 1 /2.=5 or 10
[err]] of nhteriRatienttspesificimprunaadsathers cens(stmg)oéantigemwandlnoanﬁbo@esr]
gl obul i n st andarsgpanated feor immuhelcomplexes bEpatholggically relevant invhuhefigetdrs

material) Fi oof paitiehitsiboptied tt atBvatet Solidearsér mafeeiild rom t he
i mmunoadsor bent columm at pH 2.2 after passing the honol ogous plasna nos.
1-7/9-15 = peak fractions, nos. 8/ 17 = 10 kD protein marker, no. 16 =

2dsor pti on Fo seﬁ‘%- 5% o % % 18 B3R B 4l e
anti gens accor di om patients suffering from dlseases which are
sed or malntamed by a dysregulatlon of the immune system

3. Patient-specific immunoadsorbers according to claims 1 and 2 containing
antigens and/or antibodies separated from patients suffering from
autoimmune diseases or immunopathological states of reactions such as
rheumatoid arthritis, rapidly progressing glomerulonephritis, systemic lupus
erythematodes, multiple sclerosis, antiphosphoid syndrome, vasculitides,
histoincompatible recipients of transplantate, polymyositis, neurological
autoimmune diseases or immunopathological dysregulatlons as aresult of
infectious diseases

4, Patient-specific immunoadsorbers according to claims 1 -3 containing
antigens and/or antibodies separated from patients suffering from rheumatoid
arthritis, lupus erythematodes or multiple sclerosis

5. . Patient-specific immunoadsorbers according to claims 1 — 4 bonded to
biocompatible substances which may bond covalently on their surface
sufficient immune complex components.

6. Patient-specific immunoadsorbers according to claims 1 — 5 bonded to
sepharose or pear| cellulose.

7. Method for the production of patient-specific immunoadsorbers according to
claims 1-6 wherein immune complexes are isolated from the blood or other
body fluids such as e.g. liquor cerebrospinalis of patients applying known
methods such as plasmapheresis through protein A immunoadsorbers,
immune complexes are purified for use in clinics in extracorporeal blood
purification methods and are split into their active components antibodies and
antigens and these components are covalently coupled to solid carrier

materials.
ey
[THiS Speerias BEEN
_REPLACED_ ’




The marks give the exchange of buffer during washing and eI ution (Iloading

of .the colum is not indicated): no. 1 - washing buffer u.luﬂljﬂlmmlt" “I
citrate buffer pH 2.2 Fig. 5. PAGE of ﬂ@ate whi ch was o

I rmunoadsor bent - col um at pH 2.2 after passing the honol ogous p asma" nd.

= 10 kD standards no. gl obul i n_st andard, no. 3 = peak fraction peak
2, Fig. 4),8no. Mem%aacqqraw torelaim éwvr@rapumumwmﬁm arsidesamposed
centrifree into thejr inglivitluali componerits in an acitkonalkeline piediupaprafetably atr

adsorption to sepHaegonsaifR-baniiOed 12a@rdier withshig sush astNaGk MgClaidCl or
anti gens accor di gged ér giadifinechydeddidade Dethgradded ahdgintthe caselimeedoafter
buffer during Wag t"tﬂ'na%fb?'l éﬂdﬂm ﬂﬁb chSaef ABed! fféi*%diﬂ‘xglgﬁlté §u bs INYBIC 233

no. 1 - washing piHieh 95'8 ocﬁ fd%é@%“lf %10 A Eﬂln
oo taiorlPh

- 0.1 Mof citra
obt ai ned fromth

hom): ogous pl asnEegion etween and 12 arecouped osol" matenal ymealqs oib In
general known methods

9. Use of patient-specific immunoadsorbers according to claims 1-6 for the
extracorporeal aphoresis

10.  Use of patient-specific immunoadsorbers according to claims 1-6 for obtaining
and further treating immunopathologically relevant endogenic substances

AS BEEN |4~ .
. _AEPLACED



nos. 1-4 =vwoHoteidss fromthe washing buffer, nos. 5/6 = peak fractions
(peak 3, Fig. 6), no. 7 = 10 kD standards, no. 8 = y-gl obul i RCE/DEPGRLID
24 Patent clainms 1. Pat i ent -.speci fi c -i-mrunoadsor bers consi sting of
antigens and/or anti bodies separated frominmune conpl exes .of
pat hol ogically relevant i nmune factors of patients, bonded to
activated solid carrier materials . 2. Pat i ent - speci fi ¢ i nmunoadsor bers
accordingeég anin11 cont ai ni ng antigen§/3 and/ or anti bodi es separated
from pati R uffering fromdi seases which are caused or nmi ntai ned
by a dysregul ation of the i mune system 3. Patient-specific
I mmunoadsor bers according to clains 1 and 2 containing ' antigens
and/ or anti bodi es separ at ed fron1pat|ents suffering Zrom aut oi nmune
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anti~gens apgl9hssgipt i bodi es separated from patients suffering.fr
r heumat oi d arthritis, lupus erythematodes or nultipl egg%mgpg/gpgo 5.

Pat i ent - speci fic i mmunoadsorbers according to clains 1 - 4 bonded to

bi oconpati bl e substances whi ch nay bond covalently on their surface
sufficient inmune conpl ex conponents. 6. Patient-specific

| mmunoadsorbers according to clains 1 - 5 bonded to sephar ose or
pear| cell ul ose. 7. Met hod for the2f3 oduction of patient-specific

I mmunoadsor bers according to clainms 1-6 wherein i mune conpl exes are
i sol at eAbbtdm t he bl ood or other - body fluids such as e.g. liquor
cerebrospinalis of patients applying known nmet hods such as .
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Li C or uwemmagegguadi ni ne hydrochl ori de which are suited fq,rc.l%aégyg}o 'l|ai ng

t he reactants in a dissociated state froma certain concentration on,
n a pH regi on between 2 and 12 are coupled to solid materials by
means of, in ‘general , known net hods 9. Use of patient-specific

| mmunoadsorbers according to clains 1-6 for the ext racor por eal
aphoresi s 10. Use of patient-specif?é3innunoadsorbers according to

cl ai ms 1ABBf@®T obt ai ni ng and further treating i munopathol ogically

rel evant endogeni ¢ substances
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