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Seven different monoclonal antibodies of the IgG
class that are reactive with four different antigens on
human lymphoid cells were utilized to form immuno-
toxins with the ribosome-inactivating proteins gelonin
and the three known pokeweed antiviral proteins,
Thirteen different immunotoxin combinations were
prepared. The ribosome-inactivating proteins were
modified with 2-iminothiolane. The sulthydryl groups
so introduced were reacted with maleimido groups or
with dithiopyridyl groups thai had been introduced
into the antibodies. The toxin-antibody conjugates so
formed were purified by affinity chromatography on
protein A-Sepharose CL-4B, ion exchange chromatog-
raphy, and by gel filtration and were characterized by
polyacrylamide-dodecyl sulfate gel electrophoresis.
The purified immunotoxins were free of nonconjugated
monomeric proteins and aggregates of very high mo-
lecular weight. All the immunotoxins showed the spe-
cific binding of the component antibody as measured
by indirect immunofluorescence binding assays. The
activities of the ribosome-inactivating proteins were
unaffected by conjugation where the cross-link to the
antibody contained a disulfide bond and when assaved
after reductive cleavage of the linker. Disulfide-linked
immunotoxins with six of the antibodies were highly
cytotoxic for the target cells. However, immunotoxins
containing an anti-B1l antibody showed no cytotoxie-
ity.

The possible use of antibodies to target pharmacologic
agents, such as toxins, was first proposed by Ehrlich (1).
Research to exploit this idea has developed rapidly in the last
decade, owing much to the ability to produce pure highly
specific monoclonal antibodies using the hybridoma technol-
ogy (2}, Recently, monocionat antibodies have been developed
that recognize tumor-associated antigens (3, 4, 11, 12}, and it
is the hope that such antibodies can be exploited to deliver
toxic agents to particular types of tumor cells in order to kill
them selectively. The ribosome-inactivating proteins (5, 8)
seem to be ideal toxic agents for this purpose. Most effort has
been directed toward using ricin (extracted from castor beans,
Ricinus communis) which consists of two nonidentical sub-
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units (A- and B-chains) that are joined by a disulfide bond
{6). The B-chain has the property of binding to cell-surface
carbohydrates and promotes the uptake of the A-chain into
cells (6). Entry of the A-chain into the cytoplasm of a cell
then results in the death of the celi by catalytic inactivation
of its ribosomes. Immunotoxins have been made by conjugat-
ing intact ricin to antibodies (7-8). Such immunotoxins ex-
hibit specific toxicity only in the presence of lactose which at
high concentration competes with the celi surface carbohy-
drates for the ricin B-chain binding site(s). In vivo, these
immunotoxins are expected to be nonspecifically toxic, as is
ricin itself, and are, therefore, unlikely to be of therapeutic
value, although they may have limited use in the in vitro
treatment of bone marrow for transplantation (9, 10).

There is a class of ribosome-inactivating proteins that have
properiies and characteristics similar to those of ricin A-chain
alone (5}. Gelonin {20) and the three known pokeweed anti-
viral proteins (21} are examples of such proteins. They are
basic proteins, of M, about 30,000 (5). These proteins have
several advantages over ricin A-chain in the preparation of
immunotoxins: they are extremely stable proteins, they do
not bind to cells and so are nontoxic to intact cells (except at
very high concentrations), and they are safe to purify and
manipulate in the laboratory without the extreme precautions
necessary for work with ricin (5). These proteins are good
candidates for the preparation of immunotoxins since, at least
in principle, such immunotoxins wil} only bind to the cells
selected by the antibody. Immunotoxins have been made using
gelonin and PAP," and in general they showed specific cyto-
toxicity similar to immunotoxins prepared with ricin A-chain
{13-19, 22-25).

There is an important caveat in the interpretation of the
experiments that have been reported using immunotoxins
made with ricin A-chain, gelonin, or PAP, There is not a
single example of an immunotoxin that was completely puri-
fied from nonconjugated antibody. This is an important ob-
stacle to the proper interpretation of these reports and ham-
pers understanding of the mechanisms involved in the eyto-
toxicity of such immunotoxins. We describe here the prepa-
ration of highly purified immunotoxin conjugates using seven
different monoclonal antibodies and using the ribosome-in-

"The abbreviations used are: PAP, pokeweed antiviral protein;
PAP II, poliewced antiviral protein type II; PAP-S, pokeweed anti-
viral protein from seeds; SPDP, n-succinimidyl 3-(2-pyridyldi-
thio)propicnate; SMCC, succinimidyt 4-(N-maleimidomethyl)eyelo-
hexane-1-carboxylate; his-tris, 2-[his{2-hydroxyethyl)amino-2-(hy-
droxymethy})-propane-1,3-diol; HEPES, 4-(2-hydroxyethyl)-1-piper-
azineethanesulfonic acid; CALLA, common acute lymphoblastic leu-
kemia antigen; RPMI, Roswell Park Memorial Institute.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

12036

activating proteins gelonin, PAP, PAY II, and PAP-S. The
principle of the purification methods should be generally
applicable. The immunotoxins reported here were prepared
both with a cleavable linker containing a disulfide bond and
with a noncleavable linker, in order to evaluate the impor-
tance of release of the toxic agent from the antibody. All the
immunotoxins were analyzed for their ribosome-inactivating
capacity, their ability to bind to cell-surface antigens, and
their in vitro eytotoxic potency toward lymphoid cell lines.

EXPERIMENTAL PROCEDURES AND RESULTS?

DISCUSSION

We have developed methods for the preparation of purified
immunotoxin conjugates in high vield, utilizing the techniques
of affinity chromatography, gel filtration, and ion exchange
chromatography with buffers of carefully defined composi-
tion. Thirteen different immunotoxin conjugates were made
using seven different monoclonal antibodies and four different
ribosome-inactivating proteins. The immunotoxin prepara-
tions contain no nonconjugated antibody, no nonconjugated
ribosome-inactivating proteins, and no aggregates of very high
molecular weight. These purified and well defined immuno-
toxins made it possible for the first time to perform quanti-
tative binding studies and to perform cytotoxicity tests with-
out fear of the effect of competition by nonconjugated anti-
body on the experimental result, for example, by blocking
antigens or saturating the internalization pathways. Also, the
purity of the immunotoxin preparations permitied a careful
comparison to be made of the biological activities of the
component proteins with their nonconjugated counterparts.

Gelonin and the pokeweed antiviral proteins were not af-
fected by modification with 2-iminothiolane in their ability
to inhibit protein synthesis. The ability of the modified toxins
to inactivate ribosomes in a cell-free system of protein syn-
thesis was indistinguishable from that of the native proteins.
This is in contrast with the results of earlier work using N-
succinimidyl 3-{2-pyridyldithic)propionate to modify gelonin
(22); the gelonin was inactivated by about 90%. It is possible
that 2-iminothiolane and N-succinimidyl 3-(2-pyridyidi-
thio)propionate each react preferentially with different amino
groups of the gelonin molecule. Another factor is the preser-
vation of the positive charge at amino groups upon reaction
with 2-iminothiolane that may account for this difference.
Our results suggest that 2-iminothiclane is the reagent of
choiee for modifying ribosome-inactivating proteins, in order
to introduce sulfhydry! groups while preserving their toxic
activity.

When the modified toxins were covalently linked to an
antibody, the ribosome-inactivating activity of the toxins was
reduced by about 70%. When the covalent link between the
toxin and the antibody included a disulfide hond, then the
full ribosome-inactivating activity as measured in a cell-free
system could be restored by reductive cleavage of the linker.
This may account, in part, for the chservation that the im-
munotoxins J5-gelonin and 45-PAP-S exhibited greater ¢y-
totoxicity (about 10%-fold) on cultured CALLA-positive cell

% Porticns of this paper (including “Experimental Procedures,”
“Results,” Figs. 1-5, and Table 1) are presented in miniprint at the
end of this paper. Miniprint is easily read with the aid of a standard
magnifying giass. Full size photocopies are available from the Journal
of Biological Chemistry, 9650 Rockville Pike, Bethesda, MDD 20814,
Request Document No. 85M-546, cite the authors, and include a
check or money order for $9.20 per set of photocopies, Full size
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lines when the linker included a disulfide bond than when the
linker was noncleavable. There is one claim in the literature
that immunotoxins containing pokeweed antiviral proteins
are more cytotoxic when linked by a noncleavable linker than
when linked by a disulfide linker {25). However, we could not
confirm this result, and our observations with purified im-
munotoxins were consistent with previous findings with im-
munotoxins containing ricin A-chain made with cleavable and
noncleavable linkers (17). A cleavable linkage between the
toxin and the antibody presumably allows the toxin to escape
more easily into the cytoplasm from the membrane-bound
antibody/antigen complex (48).

Binding studies showed that the immunotoxins made with
all seven antibodies showed specific binding to antigen-bear-
ing cells. Cytotoxicity experiments {n vitro showed that im-
munotoxing made with six of the seven antibodies showed
considerable enhancement of the toxic effect of the ribosome-
inactivating proteins, with IDs concentrations that were
about 10%-fold lower than that of the native ribosome-inacti-
vating protein. The enhanced toxicity was completely specific
for cells bearing the cognate antigen. Immunotoxins made
with gelonin or with the pokeweed antiviral proteins gave
qualitatively similar results. However, none of the immuno-
toxins made with anti-B1 showed any more toxicity than that
exhibited by the native ribosome-inactivating protein, even
at concentrations that were near the saturation of antibody/
antigen binding. This result was obtained on several Bl
antigen-positive cell lines, including some thal were also
positive for CALLA and for Ia antigens, and which were
sensitive to Immunotoxins made with the antibodies J5 or I-
2, respectively.

Receptor-mediated endocytosis of an antigen/immunotoxin
complex may be essential for cytotoxicity. This has been
suggested on the basis of experiments with lysosomotropic
agents which raise the pH of intracellular acidic vesicles {51)
and which increase the potency of immunotoxins (52, 53).
There is some evidence to suggest that the T11 surface antigen
(29) and the CALLA (49) can be internalized, and perhaps
these antigens utilize the mechanisms involving coated pits,
coated vesicles, and endosomes (48), Our prefiminary results
suggest that the Ia antigens can alse be internalized carrying
the I-2 antibody. However, the current evidence suggests that
the B1 antigen (50} remains {irmly on the cell surface and
shows no tendency 1o be internatized.® Thus, the B1 antigen
may be excluded from the coated pits involved in receptor-
mediated endocytosis (48), This suggests a possible explana-
tion for the lack of cytotoxicity of immunctoxins made with
anti-B1; that is, that the Bl antigen does not transport the
immunotoxin complex inside the cell. Further evidence will
be required to assess the relationship between endocytosis
and the cytotoxicity of the immunotoxing made with ribo-
some-inactivating proteins. However, it is clear from our
present results that the properties of the target antigen require
careful consideration when designing immunotoxin conju-
gates.

The availability of pure immunotoxin conjugates will allow
us to examine in greater detail than hitherto the effect of
various parameters on the cytotoxicity exhibited by the im-
munotoxins. For example, the antibody-binding affinity of
the immunotoxins, the number of cell-surface antigens capa-
ble of binding the immunotoxins, and the properties of differ-
ent antigens once bound by an immunotoxin such as in
receptor-mediated endocytosis may ail influence the degree of
cytotoxicity of the immunotoxins,. We are now employing

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

i

Purified Immunotoxins

several different in vitro cytotoxicity assays, including those
that directly measure cell survival, to investigate these param-
eters and to study potentiators of eytotoxicity such as ade-
novirus (54} and lysosomotropic agents (53). These experi-
ments may help to determine how to improve the efficacy of
the immunotoxins. Also, little is known about the bioclogical
properties of immunotoxins in vivo. Purified conjugates using
different antl-T11 antibodies, three of which are described
here, may be useful biclogical reagents for this purpose since
the antibodies react with a surface antigen found on T cells
of various species of monkey that is analogous to the human
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T11 surface antigen {34},
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cocktall was frow Natienal Diagnesties, Somerville, ¥J. Fluoresccin-labolled geat
anti-mouse IgG and fluoresceto~labelled goat ant{-rabbit LgG weve froa Meloy Laberatories,
Springficld, VA.

Hutine Honoelonal Antibodies - Monoelonal antibodice were produced by hybridean eclle grown
A8 aschiet tasors &N Balbfe nice. Seven diffcrest antibedles, cach of the 16 clasa, were
wsed In this work. J5 i an IgG2a antibody that s specific for the CALLA (3). J30 f¢ an
1gGZ antibody rhat 8 speeific for gpib, & cell surface glycoprotein expresoed on non-i
acute lysphoblastie levkenfa cells (26), Anti-Bl is an TgG2a aotibody that ideatifies the
Bl differentiacion satigen expressed on ¥ cells (27). I-2 Le an IgG2 antibody that reacte
with Ia antigens (28). Ant{~Tli;s, anei~Tllip and anti-Tlljg, of isotype 1g6l, IgGla

and 1gG2b respocrively, are antibodies that react with the T1} surfsce antigen which fe
found on all Tescing huran T cells (29). Sawples of sscites [luid containing the
wmonoclonal antibodics were kindly provided by Dre. J. Ritz {35, 330}, L.H. Wadler (anti-B1,
1-2) and E.L. Relnherz {anti~TIl antibodics) of the Panu-Farber Cancer Instirute, Division
of Tunor Icmunology.

Purificarion of Monoclonal Antibodies - All aveps were done at 40 C. Al of the
antibodicn, except for anci=TL) )4 (an IgGl), were purified from apcites fiuid by affinicy
ehromatagraphy on protein A-Scpherose GL=4B using the wethod deweribed previouwsly {30).
Antibodios bound by the protein A ware elvted with 0,1 H scetic acid centaining RaGl (0.15
H}. Antibody-contadning fractions were iwmediotedly neutralized by the addition of
ona~genth voluze of 1.0 M NaHCO3, and were then dizlyzed againet 30 mM NaPg buffer, pi
6.0, contalning glycine (50 M) and Ha¥j (0.4 cM), for further purification by
ton~cxchange chroaatography on colusns of Co-cellulose (Whatman, C¥-52) equilibrated fn the
gase buffor, The colusnys (30 ml bed velume for 120 pg of protein) were developed with
gradients of HaCl in the sawme buffer; 0-100 =M for J5, 0-200 &M for I-2, antf{-Ml,
auef~Tlljp snd ancl-Tilpe, and 0-300 o for J30. The purlficd ontibodics were finally
dialyzed against 10 &M KBy buffer, pH 7.2, containing Hall {145 oM} and stered ac 700 C.

Anti~T1l3s dees not bind to provein A, Ascitee fluid containing this antfbody was
paased through protein A-Scpharose CL-4B o remove traces of nurine immunoglobuline that de
bind te protein A. The eluate was then fractionated by adding (NHg) 2804 to 50%
saruration. The precipitated protein was dissolved in 10 oH KPy buffer, pK 7.2,
contalniog HaCl (145 oM}, and thon dfalyzed into the pH 6.0 buFfer for chromatogrephy on a
colugn of Co~¢ellulose as deperibed above: the goluan wap developed with a pradieat of
0-300 oM HaCl. Practions coutalnfng antl-Tilys were pesled, concentrated and subnitted to
gel filtracion on 3 coluan (99 ca x 2.6 ca) of Sephacryl $-300 eguilibrated in 10 m¥ KPy,
pH 7.2, containfng HaCl (145 =i}.

ALl che ant{bodice were judged pure by polyacrylanide/dodecyl sulfate pel
clectrophotesic and by Lseeleetrofecusolng (pH rasge 3.5 o 9.3) ou polyacrylamide gels,
The isoelectrofocusaing gels showed that the purified noneclonal ontibodies gave the vypical
pattevn of 3 to 5 closely apaced bands that has been described previoualy {31}, The nversge
final yield of esch antibody, per ol of ascltes fluid, were 3.0 mg for J5, 0.06 mg for 330,
2.4 og for anti-Bl, .6 mg for 12, 3.2 wp fovr antd~Tilyy, 3.0 mg for auci~Tlljg and 3.2
ag fo¥ ant{-Tllig.

Source and Purification of Riboseze-Inactivating Protelns - Sceds fros Geloniuo peltiflorua
were froa United Chealcal and Allled Froducts, 10 Clive Rew, Caleurta~l, Indla, and were
obtafned through Lhe Neer Corporatiom, North Bergen, NI, Gelonin wag puvified By the wethod
previously deacribed {20), Seeds and leaves of Phytolacen americans {pokenced) wire
collacted In Brookldme, MA. The pokeveed antiviral protolna, PAP and PAP 1X, were purified
Erom leaver as described previously (21), and PAP-S was purkfied (rom the sceds by che
method described previousty {32},

Lell Lines ~ Seventeen diffevent huzan lyzphablastold cell lines avallable ac the
Dana-Farber Concer Imotitute, and one wonkey lyopheblastold cell Ifne obtajned [rod Dr. N.
L. Letvin, K. E. Regloual Prionte Centev, Southboro, MA, vere used fn the course of this
work, Reprementative experiments described in vhe text enployed the sine cell Maes
deseribed below, CALLA-positive human cell Iines ineluded Nalm-6 (37), BJAR (35}, Naoalwa
{ATCC CRYL 1432), and Rajl (35). Naln-6, Nasalwa and Raji were also vsed as positive cell
1ines in tegts with antibedy I-2, and Naks=0 vas used as » positive lime with the antibody
130, BJAB, Rajl and Ramos {35) were used ag positive cell lines in tests with anti-Bl. Tie
anti-T1l aniibodies, whish vere produced againat the T11 antigen found oa hunun T celly,
algo reset pith the hemologous wolecule on T cells from other primates (). the
experiuents with the anti~TIl antibodies described fn this work utilized the cell line 1022
derived frem lymphecytes from a cotton-topped csreoset (36). The human cell lines HOWT-4
(ATCC CRL 1582), #SB-2 (38) and WL=60 (39) were used as nogative cell lines In experiments
with varigus antibodies, Cells were grown at 379 € in a hwoidified atmoephert containing

5% €Oz in RPHI-1650 mediun {Gibco Laboratotics, Grand Island, NY) supplemented with
heat-lnectivated (350 € for 30 min) fetal <alf serun (1O%) (Flow Ladoratorfes, Meloan,

VA, L-glutacine (2 =M}, pyruvate (1 o), peaicillin (50 unitsfml) and sireptomyeln (50
pgiel). Callp were oaintained in acynchronous oxpenentisl growch by dilutien twice per weck
to about 1-2 x 10° eello/nl.

HETHODS

Bxperipents vith the antibody JS aad with gelontn are described in detatl. Unluzs
otherwive deserided in the tert, the cxpevimental preceduves for the other antibvodies, and
for the pokeweed antlviral proteina, were done in the sane way.

Modification of J5 with SHCC ~ J5 {1 wgfml) in 100 s KaPj buffer, pH 7.0, containing EDTA
(0.5 mi) wan olxed with SHCC added from a 10 oM solurion fn Jloxane, aund then Incubatad au
300 ¢ for 30 min. Reactions vere tersianated by gel filvration at 4° € through colunns

of Sepbadex G-13 equilibraced with he pil 7.0 buffer, or by dialysis at #° ¢ againgt the

pi 7,0 buffar. The level of incorporation of maleinide groups wae measured by Incubating
sooplen of wodified J5 with cxceas |19C}-cystetne at 259 G for 60 nin, sfter which ) vol

of 20% {v/¥) 2-cectcaptoethanol containing cystelne {1 ugiul) wse added and fncubation at

250 € continued for 30 oin, Bovine serua dlbuain (300 pg} wae odded ae a carrier, and the
protedn wae presiphrated by the addirfon of 0,25 wol of 50X (w/v} trichlorpacetie acid.
Afver incubstion 8t 0% C for 30 mip, the protein precipitate was collecred onto glass

fibar dises {Hhatwman, GF/C) and the radipactivity recained on the disca wap peasured by
seinciliation counting using 4 Packard Tri-Carb Hodel 4530 counter (officiency for MC was
75%). There was a near relatilonship betwees the incorporation of maleiaida groupe and the
jnltinl concenrration of veagent (1 greup Introduced per colecula of antibody at about 40 pM
reegont) under these eondiclons. The walefuido groups introduced into J3 were atable for ab
least 24 hoat 42 € dn the pit 7.0 buffer (47).

Hodification of J5 with SPDP - Portions of a stock solution {10 =) of SPDP in ethsnol werc
added to J5 (1 mg/ul) in 100 @ NaPy buffer, pK 7,0, containing EUTA (0.5 wM), and the
nixturé Wae fncubated at 30¢ € for 30 min. Reactions Were teroinated by gel filtracion or
by dialysis as deocribed above for SMCC medifications. The level of incorporation of
dithiopyridyl groups way linear with respect to the initlal concentration of reagent {about
1 group Introduced per molecule of antibody ar 20 iy Teapeat uoder these conditions) and was
ceanuved at desoribed previously (40). Dithiopyridyl groups were 8table f[or many days at pH
7.0 (40).

0.1 ¥ pectic acid contalning WaCl (0.15 H) nnd 0.1 vol of L.O M KPp bulfer, pi 7.5, was
0dded to sach fraction iemedfately afrer collection. The proteln was dialyzed agaiwot 5
Ha¥i buffer, pl 6.5, convalning HaC€l {35 =M} and Hal3z (0.4 =M} and was then spplicd to a
colubn of CGu-cellulose {Whataan, {4-525 30 nl column for 100 pg antibody) which had been
cquilibrated whth the ssme buffcr, Xod-conjugated J% doce not bind to Cm-cellulose under
these precize conditions of donic strength and pH, &nd was removed (ros the coluon by
washing uwith wuffer. The gelonin-containing conjupate wac bound by the column aud was
ciuted in a snell voluge with 100 mY NaPy buffer, pll 6.5, containing NaCl (1.0 X}, The
conjugated protedn, now {ree of non-conjugated J5 and gelondn, Was submitted to gel
filtration on = column of Seplacryl 5-300 (99 eco x 2.6 cuo) cquilibrated with 10 oM Kby
buffor, pH 7.0, containing HaCl (145 ©d) In order te remove aggregates of high colecular
weight, The JS-gelonin confugate was finally sterilized by piosage of the selutlcn threw
a 0.22 pn f{ltration veabrane (3illex-G¥, Millipove Corporavion, Budford, Ha).

Purification of Gonjugates with Other antibodicw, 9nd Coenfugares with Pokewesd dotfviral
Frotelns ~ The procedure for the conjugstion of gelenin with asti~Bl, and the purificatio
of the conjugate, were exadtdy as described for J5.  The cethods for naking and purifying
conjugates of gelenin wirh (he antibodhes I=3, J3U, anti~Tli)g and anti~Tiijc diffeved
frea the exaaple of J5 only in the solutions used [0 the separvatfon of not-confugated
antibody from condugate weing Cmrcellulose.  All four buffers contained NaPy (5 M) and
wa¥z (0.4 wM) and were adjested to pll 6.%, except for the buffer for J30 which was

pit 7.0, The concentration of ¥aCl vap 40 m¥ fn the oslutions for I-Z and 430, 34 oM dnt
solution for anti-Tllye, and 25 u¥ fa the oolutloen for antd=Tilyjg. Aatf{~Tlly, docs

net bind Lo protein A. Following conjugation of this antibody Lo gelonin as deccribed {o
J5, the reaction nixtuve was concentrared by uitrafilivation, and the excess non-conjugat
galonin and aggregates of high molecular wefght weve separated by gel filtralion on a col
(%9 ca x 2.5 ca, for o 12 nl sacple containing 10 ng of anyibody) of Sephacryl $~300
equilibrazed vith 10 e ¥2; buffer, pll 7.0, concalntng HaGl (145 u¥), HNon-cenjugated
anbi~Tll ) was scparated fros the conjugate by Ca-tellulece f¥activnatlen as deseribed fo
35 awcept thut the buffer was 5 oM NaPy buffer, pi 6.5, containing NaCl (21,3 ) and
Hally (0.4 uM), The purificd conjugste vas cluted from the column as described sbove and
dialyzed inte 10 oM XP; buffer, pit 7.0, centaining HaCl {145 ). PAP, PAP II and PAP-S
weve all conjugated with J5 and with anti~Bl. PAP-§ wvas sloo conjugated with anti=Tilyy
and antd=F1lyg. Ail these conjugates were proparcd and purified using methods ideatieal
to those for the ¢orresponding gelonfn conjugates.

Heavureoent of Protein Concentiation ~ Frotein concentraticns of solutions of purified
proteins were determined fren theit Azgo, assusing BiY, values of 14.0 for IgG, 6.7 for
gelondn (20), and 8.3, 8.9 and 8.9 for PAP, PAP II (21), snd PAP-S (43), respectively. T
protein concemtrations of purified conjugates weve also cotimated from Ayap valucs: for .
example, antibody-gelonin conjugates of melar ratke L:l or 1:2 were calculated to have Ei
values of 12,8 and 12.0, respectively. The actual vatio vay be estioated from
polyacrylanidef/dodeeyl sulfate gels.

Polyacrylanide gel cleetzophoresls - Cross-linking resctions and conjugate purdfication w
snalyzed by polyacrylanide/dodocyl sulfare pel elccirophoresis In gel nlabs (16.5 »x % 90
x 0.75 @u) cant with serylonide gradients (310X (w/v} for gels.run under non-treducing
conditions} prepaved a¢ deseribed previoualy {48). Sacple buffern for gels run under
noo-reducing conditione contained 10 wgfnl fodeacetanide (41). Gels for samples undar
veducdng conditions were oagt with 12,38 (w/v) serylonide, or uwith 10-20% (w/v} aerylanid
gradfents, Some gelo were dried onto dinlyelo menbrancs for scannlog with o Quick-Sean g
searmer From Helens Laboratorics, Iseelectrofocussing pels were run on a fwltiphor
clectrophorenio apparatus £rom LKE ueing PAC platcc (LEB) containilng aspholines of a pil
roage fros 3,5 to 9.5.

Antipen-Binding Activity of Antibodics or Conjugates ~ The binding activity of antibodict
Conjugntus wab Geabured by Ingirect imouncfluoresconce (43). Gells (L x 16%) were
facubated ar 09 € for 30 min wich serlzl dilutiows of antibody or conjugate io 100 yul of
Eegple's Minfaun Easential Mediua for suspenpion cultures ({ibee Laboratorivs) supplesents
with 2,5% (v/v) pooled husdn eekun of Ab-type and 17 {v/v) } Y BEPES buffer, pH 7.2,
containing NaCl (€.5% w/v}. The ccllo were then washed three tices with fce-cold cediua
before they were stained with fluorascein-labelied goat anci-mouse IgG antibody for 30 o
at 0% ¢, usfng 100 pl of a 1:iZ5 dllutkon of the atock solutien (Meley Laboratories) with
pediuz,  The ¢elle vere agafn washed thyee times with fee~cold medium. The fluorescent
antibody-coated celln were finzlly analyzed on an EPICS IV flucrescence-sctivated cell
sorter (Coulrer Electronics, Hialeah, FL).

The binding activicy of conjugares that contained gelonin was aleo deterafned by
incubating cells, which had been treated with conjugate, with o rabble anti-geleonln
aAticerus bofore stainiug with [lusreacefn-labelled goat anti-radblit g astibody, usfng
procedurea sirmdlar ve thosc described above. The rabbit anti~gelonin antliserua wae kind!
prepared by B, Jeroze Ritz. Hew Zealand white rabbibs were injected {s.c. and f.nm.) wil
gelonin in couplete Preund's adjuvaul 3 times per week for 2 wecks wsdng 1 Bg of gelonin
pach tize. The vabbity weve bied followlng I or 2 booster injections of gelonin (1 cg) ¢
inconplate adjuvant,

Assay of Protein Synthesis in & Cell-Free Systea —The inhibitory activity of gelonin or
pokeweed antivival protein; Towsrds proteiu synthesls was seasured 1o a rabblt reticuloe)
lysate system. The agsay was baged on that of Pelhan and Jackeen {48), utilng materiala
provided by ¥ew England Wuclear aupplesented wirh additional reagenta. One nicroliver
casplos of gelonin or conjugates, diluted to 0.02 pglel of gelonin with 10 eM KBy buffer,
pil 7.4, contalning WaCl (20 =M) and bovine scrua albusde (0.2 mg/ol), were added to the
reticulocyte lysote {10 pl) in 0.5 ml Fppendorf centtifuge tubos ot 09 €. The reactious
were pearted by the addicion of 16 pk of & wixture containing salts and buffer coekrail {
Ergland Nueleat), a mixture of 19 apine acids as deseribed previomsly (46}, creatine
phosphate (0.1% prel), creatloe phosphekinaoe (2.5 pg), oRiL {60 ng), and [JII]-lcucino ¥
JCi) diluted to o specific radieactivity ef 37 nCi/pmol. After rapid nixing, the tuben s
Incudated ac 300 €. Samples {3 pl) werc tmken ac difforent tioes and the {ncorpsration ¢
(I }~leucing 1nto protefn was quanched by dilution into distilled water (0.4 nl).
Radfolabelled protedn was quantified o deccribed previously {48).

Cytotoxjelry Asmay ~ Cells (0.1 nk of wedium, coataining § x 109 cells) were plated into
§6-well {[iat bottom) peiystyrene nicrotiter plates (Microtest 111, Brcton Dickinson}.
Equal voluzes (0.1 nl) of mediun, contalning serisl dilutions of the proveive being teste
for eytotoxicity, were added to each well and the cells were then incubared at 370 € in ¢
hualdified atuokphere contafning 5% CO3. After the required Incubation time, the colle
vera pulsed for 2 howith [9M)-chyatdine (0.8 pCifwell}, and then havvested and ysed ontd
glass fiber dlsco using a PHD cell havvester (Caabridge Tectmodogy, Iuc., Canbridge, MA).
The radloactivity that was retalned on the filtevo after washing with warer and cthanel «
ceasured in 2 8l of Betafluor using 2 Packard Ted=Catb 4330 peintillacion counter, All
assays were done kn tripilcate and cach experiment was repeated at least 3 tincs. Valuey
1Dsg were estiozted am the concentratdon of demunstoxin that ¢aused 30% (nbibitlen of
[31)~thyaidine tncorporation.
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ged [iltration.

We then oxperimcnted with lorexchongo chrosatography wafng Coeceliulose, The results
of inltlal ecxperipents led ue to deflne the cosposition of a buffer thar allowed gl) the
non-conjugated J5 Lo pass through the coluen vhile all the gelonln-contalning complexes woerc
rotained, conuistent with gelonin being & more bapic protein than J5. Ae deseribed in the
Methods scetlon, the comjugate specics could then be cluted by sclutions of high salt
congentratlon. Purlfied Ji-gelonin species with exactly ene, oT exactly two, melecules of
gelonln per J5, conld Be prepared by a second fractiomation on Cu-celluloen, elucing the
conjugotes with ohallow gradionts of HaCl. Howover, for woot blologleal rests described in
this psper, this further fractionztion waa found unneccsBary.

Plgure 2 {panels & and ¥) 1llustrates from polyacrylanide gels the degrae of purlty
achieved after each step in the purlfication procedure for a J3-gelonin conlugate containing
a digulfide Link (panel a) and on analogous fmcunotoxin with & thicether link (psacl b}, In
both cases, the Lhree-wtep purificarisn yielded JS-pelonin conjugates that were frec of
non-conjugnted 35, of mon-conjugated gelonkn, and of sggregates of high nolecular welght
{Lanoa 4 and 8, Fig. 2 (a,b)}. When the purificd conjugates were amalyzed on gels under
redueing conditions {Flgure 2, panel ¢}, the coajugate that contained a disulffde link
shoved only the expected 3 bands {Jane 10) corresponding to gelonin and to the heavy chaln
{Ky 53,000} aud the light chuin (N 27,000) of the antibody, The conjugste that
contained the thioether link ahoved ne free gelonin on the gele an expecred {lane 9), but
tnstead phowed saveral bands of higher molecvler woight, the strongeol of which (Hy
84,000) likely eerrvecponds te gelonin croas~Iinked to a heavy chain of J5,

The purification scheze for JS-gelonin conjugates was used s¥ceesofully on a ganll
ncake {1 ag of J3) and a large veale (100 ug of J5). To wmaxioize the yleld of conjugate
viLW Tospect to antibody while keeplng the formntion of apgrepates of wery high molceular
welght to & whntaad, J5 vas medified to introduce abour 2.5 funceionsl groups per molecule,
and thic vae nixed vith o $-fold wolar excese of modiffed gelonin that contained ouly
0.6-0.7 sulfhydryl groups per molecule. The yield of conjupate vith regpect to antibody
afrer the three vtepe of pucdficatfon was 40-50%,

ation and Purification of Conjuparen Botwean Gelonin and Other Antibodies ~ Conjugatecs

n gelonin and YgG2 ancibodies (330, 1-2Z, aati-Bl, anti~Tllig, anti~Tilye) were
prepaved using the methods detailed for J5.  The only variatfon in the procedurcs was in the
exact fonic streugth and pif of the buffer uéed for the Cmecellulose blep (ace Methods) that
provides the cenplete feparation of non-conjugnted autibody froa the conjugates as judged by
polyacrylanidefdodecyl sulfate gel electropioresis, The ¢conjugates contained antibody
linked to one or {wo rolecules of gelonin, and the alxturcewr did not <oncain non-conjugated
antibody or free pelonin,

SA0tE-Thlys s an aneibody of dsotype IpGl and does not bind te protein A.
Conpequently, the firet step in our atandard procedure dewseribed akove wap replaced by a gel
fileration step, which iz capable of separvating the conjugate Svom non—gonjugated gelonin as
deseribed in Hethoda, Gol filtration w2s uged ap the first avep of purificatlen enly when
necessary, olnce the proveln A-Sephavese CL-48 sffinity step was quick to perforn znd was
bettor gpuited Lo the proccesing of large auounts of protein In large velumes. Further, if
there £5 noy aggregation of nen-antibody protedns, which may cccur under gome conditions,
these are more effectively vemoved from antibody-conmjugates by the affinity chroantopraphy
sLep,

Preparation ond Purifieaifon of Conjupates Betwecn Antlbodles and Pokeweed Anciviral
Proteing ~ PAF, TAP T1 and PAP-§ were tzch conjugated o J3 ualing SFDF (o sodffy the JS,
thus foraing conjugates that contained a dizullide bond. HWe found that ewsctly the sace
conditlons could be wsed for the proparstion and purification of sach of the conjugates with
the throe difforeat pokeuced antiviral protcins as described for the corresponding pelondn
conjugate. FAP~S has algo becn conjugated to anti-Bl, anti-Tiljs and aari-Tilyy using

the disulfide-linker, and has been conjugated to J5 uwalng the Moker containing & thioether
bond. Again, thelr preparation and purificstion followed oxactly that of the corresponding
geloniu conjugate.

Ribosome~Inactivaring Accivity of the Confupntes ~ Figure 3 {a) shows that 20 pg of gelonin
ceapietely inhibited protein oynthesis fn the rabbit rericulocyte lysate system.  Assays of
gelonin and of gelonin 2odified with Z-fminothdolane (1.4 sulfhydryl groupsfeol) after peior
reduction with dithioeryrhrivol (20 mM, 30¢ € fay 30 pin), showed exactly the same
tobibition {¥ig. ¥ (a)). Up to & sulfhydryl groupa per molecule could be introduced Into
gelonin by reaction with 2-~foinothielanc, without fmpatring ita cepscity to Inhibil protedn
synthesic (data not vhowm). When gelenin was linked te J5 upisg the usn-eleavable linker,
the rate of inhibitiou of provelsn synthesis was alower than that of native gelonin and, ac
expucted, thin could mot be affected by prior reductfon #ith dithdockythritel (Fig. 3 (a)).
Assays done with further didutions of native gelonin suggested that the activity of the
gelonin liuked to J5 in thin woy vas about 20-30% of that of native geloain. The gelonin
vwithin & JS-gelonin conjugate formed with the disglfide-linkeT was nlso leos active thsn
natlve gelonin when acsdyed wichout prior xeduction (Flg. 3(b}). However, pre-incubation of
the conjugate with dichioerychritol relessed fully active gelonin that was indistinguishable
froa native golonin in itg sbility o fobibit protein synthoele in these assays {Flg. 3
(b)), Plgere 3 (¢) shows that ideacical reeults were obtrined with the anti-El-gelonin
conjugaten formed uith the disulfide-linker. Thene experiments uith J% and anti-Bl are
representative of the resulte obrained with the other antibodics uaed in thix work.
Analogous resulte wore obtained with all the conjugates using the pokeweed antiviral
protefos: that 16, the Iehibitory activity of thoge toxins when conjugaced to an antibody
wap teduced to about 20-30F of that of the mative proteine, ond reducton of the conjugates
containing a disulfide lioker resulted In relcase of proteins that were {ully funcrional
(for cxampla, Figare 3 {(d)).

wake 1€ axle Lo pay that the conjugation of gelenin or the pokewced proteinn to uny of the
wonoclonal autibodies did not block the spoeific binding of the antibody.

lndirect immunofluoresecnce way alen uspd to deteet the conjugated pelonin bowad (o Lhe
cell surface vin the antibody cosponcut of the conjugate. Tha rechnlque wbilized o rabbflt
anti-gelonio anricerun and suboequent visualization with flueresceariy-labelled goat
anti-rabblt Xg. This methed yilelded binding curves fdentical to thase shown fuw Figuve 4.
In adéition, Lhils technique allowed uwe o conffrm that native gelonfn does not bind to
cells. Further, 1t cnabled we ve exandne the stabilicy of the dimulfide Ldnker fn a
Jé-pelonin conjugate when incubated in the growth nediua for cells at 372 €. Duplicate
sauples were vithdrawn at intervals and veed in cell-purfoee bindiug sgsaye, scaining either
for mousc 1gG or Lor gelonin. The rarie of rhe fluorcocence values {stafning for
gelonin/ntalning for mouse Tg6) after 100 W of incubation of the conjugate (0.1 pM) wau 93%
af that deterained prior te fncubatlen. Thua, Lthe rate of cluavage of the disulfide-linkex
in the grovth pediun was slow, which puggests that dissoclation of the gelonin froa the
antibody 13 uvolikely to be a aigniffcant problem in cytotoxicily experiments in vitre of
48-72 h duration.

I vitro with several differunt cell Lines by coaauring che relative Level of DA
voplication by the imcoyporation of [M)-thypfdine an an index of cytotoxfeity, Figure 5
shoug representative exaaples of these expevieents. The conjugate bewween J3 and gelonin
coutnining a dleudfide lipker, was a potent fnhibitor of the growth of Hala-G colle which
bear the CALLA {Tig. 5 {a)). The IDsg of the conjugate, 30 pM, was absut 109 eimes

Jowsr than the 1D50 of Oo% pM for mative gelonin, Cells which Jack the CALLA (MSE-2;
HOLT-4) were wnaffected by the J5-gelondn conjugate (data aot ahewn), The cenjugate belucen
45 and gelonin with the non-clesvable thiocther-linker caused lews roxfcfty than thar of the
disulfide-llnked conjugate {Fig. 5 (a}}. The IDgy of the non-cleavable conjugate, 0.06

pM, uas only about }0-fold lower thon that of uative gelenln, These repults with Ji-gelonin

conjugates were aupported by vxperiments with Ji-PAP-§ conjugates, Cytotexicity expevimenis
1q which Haoalwa <elle were exposcd to J5-PAP-$ conjugates for 3 days gave IDSQ values of

BS pH, 0,1 M and 4.5 P4 for the conjugate containing a disulfide bond, the conjugate
containdng & thiogther bond, and fov native PAP-8, respectively, These experizents shoved
that the uee of 4 linker contalning a dlaulfide bwnd resulted dn greaciy enhanced toxiciiy
{about 103-{old} over equivalent fmauuotoxing contoining & non-¢leavable bond. Further
experiaents deacribed bolow vefer only to conjugares made with the gleulfige linker.

Figure 5 (b) shows 2 cyLotoxicity esperizent with a gelonin-conjugate made froa the
antlbody I-2, in which Nale-G cells wera exposed to the cenjupate for 1, 2 or 3 days beforc
thoy were pulsed for 2 h with {9 ]-thyatding. Two or three deya expooure led ro high
roxieity, showing an 1Dsg of 10 p{ after 3 days, whieh iz in the sace vange as the
toxicity exhibited by the Ji-gelonin conjugatc. However, after 24 h exposare to the
1-2~gelonin conjugste, {obivirion of {JH}-thyntdine ncorporation d1d not axcced 50% at
concentrazfons of impunotoxlo as high as O.1 pH, This expericent 1)luslrates an loporeant
pofat ¢omxon to all the purlfled fmaunotoxins with a diszulfide linker described fn this
work: they are highly texle towards tavget celle fn witre, but the development of the toxic
cifect requiren ? or 3 daye of exposute. This phenéz=cnon Lo in @arked contrast o the very
vapid onsot of toxicity upon expogure of Haln-§ colle to rielm. A few hours of expasure to
this toxin reoults in coaplete {nhibition of [3H§“nhyu$d$nc incorperation {Fig. % (c}).

Pigure 5 (d) shows the result of & cylotoxfcity test with BJAB cellr using conjugates
between gelowin nod the antibodles J5 aod anri~Bl. Even though BJAR celln express the Bl
antigen, the anti~Bl-gelonln conjugate wak aot toxic at 0.1 after 3 deys of exposure.
Under identical conditioms, Ji-gelonin waa highly eytotoxie tovards these callu (which ave
Calla-positive) with an IDsy of BO pH {Pigure 5 (d)}, which vhous thar thic cell line 1o
not inhereatly tesistant to én fmaunobexin containing gelonin. Thin experimant i one
ropresentative example of tests perforaed uajng five different cell lines that expressed the
Bl antigen; the only toxifcity exhibited by anti-Bl-gelonin conjugates was the olight (1F
any) toxlelty of gelonin alonc.

Table 1 susmiatizes the 1Dsg valaea of sll seven different anlibody-golonin conjugstes
with diauliide~linkers, on a group of aeven ¢ell lines, It schowa that the anti~Ri-gelonin
conjugate 1o an exteption, In that ne additjonal toxiclty towards tell lines that exprececd
the Bl antigen wac conferrad by conjugatlon of the gelonin to anti-Bl. The purified
gelonin-conjugates with the othor six monotlenal antibodics all showed bigh toxicity tomards
¢ell linen that expresved the relevant antigens, with IDgg values in the range of 8 nd vo
1 pH. When isaveotoxins were tested for cytotoxlcity on cello that lack the trelevant
antigen, the conjugates showved only the slight toaicity (4f any) of free gelonia., The veven
non-conjugated antibodies were non-toxie in the concentration ravge tested (uwp to 1 ,x}(). and
none of Lhes influenced the toxicity of non-conjugated gelondn.

Cytotoxicity expevfmeats perforsed uith the conjugates bolween the pokeweed antiviral
preteins and the antibodies J5, anti-Bl, anti~Tillip and antl-Tll}p vere conniotent with
the reoults obtained with the conjugates containing gelonin (Table 1), S$uffice it to oay
that ail the conjugatea coutaining the dirulfids linker, cxcopt for conjugates with antd=Bl,
shoued bigh specific cytotoxielty towards cells that oxpressed the relevant antigen after
cxpopure ¢f the eells for two or vore dayo co the imunctexin. INsg values ranged from 3
w4 to 0.1 p¥, which vere 10% ro 106-fold lower than the Ilbsp concentrarion of the
non-con jugated pokewerd antiviral proteins. Like the gorrespending geleain-conjugate, a
conjugate betwean PAP-3 and anti-B)l Wan 0o pore Toxie thao non-conjugated PAP-S towards sli
the cell Iines tested, frreapective of whether the cell line expressed the Bl antigen.
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