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Ricin A Immunotoxins of IgG and Fab of Ant+CALLA Monoclonal
Antibody: Effect of Water Soluble Long-chain SPDP on Conjugate
Yield, Immunoselectivity and Cytotoxicity
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The water soluble long-chain crosslinker, sulfo-succinimidyl-6-[ 3'-(2-pyridyldithio)-propion-
amidoJhexanoate (S-LC-SPDP) was used to prepare ricin A chain (RTA) immunotoxins const-
ructed with whole 1gG and Fab fragments of the anti-common acute lymphoblastic leukemia
antigen (CALLA) monoclonal antibody. In this study, a} S-LC-SPDP modification efficiencies
of whole 1gG and Fab, b) conjugation yields of the immunotoxins prepared and ¢} in vitro
immunoreactivity and cytotoxicity of immunotoxins constructed were examined. 1gG-RTA and
Fab-RTA immunotoxins were prepared with 67.3% and 57.0% conjugation yields, respectively.
These long spacer intermolecular linked immunotoxins were selectively immunoreactive and
cytotoxic aganinst to immunogenic Daudi cells but little or no-binding and cytotoxic against
to antigen K562 cells. Both 1gG-RTA and Fab-RTA immunotoxins were 210- and 45-fold
more active than intact RTA in vitro, respectively.
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INTRODUCTION

Immunotoxins are cytotoxic agents constructed by
covalently linking monoclonal antibody (MoAb) direc-
ted against tumor-associated antigens with peptide
toxins. The crosslinking agent must be capable of hol-
ding the toxin and MoAb together in the extracelluar
environment and release the toxin from the MoAb
in the proper intracellular vesicle to permit protein sy-
nthesis-inactivating activity of the toxins.

The commonly used toxins in the preparation of
immunotoxins are Pseudomonas exotoxin A (Fitzgerald
et al., 1983), diphtheria toxin (Ross et al., 1980), ricin
(Marsh et al., 1988), abrin (Thorpe et al., 1981), gelonin
(Stirpe et al., 1980), or A chains of diphtheria toxin,
ricin, and abrin (Byers and Baldwin, 1992). The most
frequently used toxic agent is the ricin A chain (RTA),
a ribosome inactivating protein (RIP) that inactivates
protein synthesis in eukaryotic cells by specific cova-
lent modification of 60S ribosomal subunit (Lord et
al.,, 1991).
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The immunotoxins constructed with whole IgG
might lead to nonspecific binding with normal cells
due to the Fc portion. Therefore Fab fragment immu-
notoxins of similar antigen binding activity were more
interesting in in vivo use (Fulton et al., 1986). To pre-
pare ricin A chain containing immunotoxins, a hetero-
bifuncitional crosslinking agent, N-succinimidyl-3-(2-py-
ridyldithio)propionate (SPDP) (Carlsson et al., 1978) was
widely used but this SPDP has limited water solubility,
therefore it must be dissolved in a small amount of
organic solvent (ethanol, dimethyformamide, dimethyl-
sulfoxide etc.) before crosslinking reaction. The spacer
bridge component of SPDP that connects the two rea-
ctive ends of the crosslinker is relactively short (6.8
A) and this short bridge can make steric hindrance
effects which may occur during the conjugation of an-
tibody to toxin (Derocq et al., 1988). To reduce the
steric hindrance effects of crosslinking agent and to
avoid organic solvent incorporation, a water soluble
long chained (15.6 A) crosslinker, sulfo-succinimidyl-6-
[3'-(2-pyridyldithio)-propionamidohexanoate(S-LC-
SPDP) was developed recently (Uckun et al, 1993).

In this study, ricin A chain conjugated immunotoxins
of 1gG and Fab fragment of monoclonal antibody
against anti-common acute lymphoblastic leukemia
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antigen (CALLA) were prepared using S-LC-SPDP as a
crosslinker and their immunological characteristics and
cytotoxic effect were evaluated. The human leukemia
cell lines of Daudi and K-562 were adopted to exa-
mine immunoreactivity and in vitro cytotoxicity of pre-
pared immunotoxins.

MATERIALS AND METHODS

Monoclonal Antibody and Its Fab Fragments

Monoclonal antibody 269-65 (IgG:) was obtained
in ascites form from the hybridoma cell line secreting
anti-CALLA monoclonal antibody in Balb/c mice as
described previously (Lee et al., 1990). The 1gG contai-
ning ascitic fluid was one-step fractionated by affinity
chromatography on Hydroxylapatite (Bio-Rad, USA) as
previously described (Stanker et al, 1985).

The whole IgG antibody were digested with papain
to produce Fab fragments and the Fab was isolated
by chromatography on Protein-A Sepharose CL-4B
(Pharmacia, Sweden) and purified on DEAE-Sephacel
(Pharmacia, Sweden).

The purified 1gG and Fab were shown to undergo
binding reactions with Daudi, NALM-6, and RPMI 8402
cells, whereas no reactivity was observed with the
K562 and MOLT4 cells as previously reported (Chun
and Lee, 1993). In this study, Daudi and K562 were
employed as antigen-positive and antigen-negative
cells, respectively.

Ricin-A Chain

After cleavage of the disulfide bond of ricin (Toxin
RCA¢, Sigma, USA) with 2-mercaptoethanol (Sigma,
USA), the ricin A chain was isolated by ion-exchange
chromatography on DEAE-Sephacel (Pharmacia, Swe-
den) and concentrated on CM-Sepharose (Pharmacia,
Sweden) as previously described (Olsnes and Pihl,
1973). Purified RTA were analyzed by 10% SDS-PAGE
under nonreducing conditions on a vertical slab gel
apparatus (EC185, E-C, USA) at constant ampere
(EC570, E-C, USA). Protein bands were visualized by
Coomassie Blue staining,

Maodification of IgG and Fab with S-LC-SPDP

Two milliliters of the purified IgG (5 mg/ml) or Fab
fragments (5 mg/ml} in phosphate buffered saline so-
lution (PBS, pH 7.4) were mixed with excess of S-LC-
SPDP (Pierce, USA), according to previous reported
procedure (Carlsson et al., 1978). All modification reac-
tions were carried out at room temperature for 30 min
with gentle rocking and excess of S-LC-SPDP was re-
moved by passage over Sephadex G-25 (Pharmacia,
Sweden).

The extent of amino group modifications of the 1gG
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and Fab were determined by measuring the released
amount of pyridine-2-thione groups following treat-
ment with dithiothreitol (DTT, Sigma, USA) by UV-Visi-
ble spectrophotmeter (Shimadzu, Japan). The concent-
ration of these liberated groups was calculated from
the molar extinction coefficient of Esm=—28.08X10°
(Uckun et al., 1993).

The effect of S-LC-SPDP modification on the specific
immunoreactivties of 1gG and Fab were examined by
the enzyme-linked immunosorbent assay (ELISA) me-
thod as described below.

Preparation of Immunotoxins

Immunotoxins were prepared by crosslinking RTA
to the S-LC-SPDP modified 1gG or Fab via isulfide
linkage. In brief, I1gG or Fab were allowed to react
with each 10 molar excess of S-LC-SPDP for 30 min
at room temperature. Excess reagent was removed by
gel-filtration on Sephadex G-25 and the modified 1gG
or Fab were coupled with at 5 molar excess of freshly
activated RTA for 16 hr at room temperature. The
reaction mixtures were purified from RTA by chroma-
tography on Sephadex G-200 (Sigma, USA). The final
immunotoxin concentrations were adjusted to 1 mg
/ml in PBS, pH 7.4 and stored at 4°C.

The 1gG-RTA and Fab-RTA immunotoxins were
analyzed by 5% and 10% SDS-PAGE, respectively, un-
der nonreducing conditions to preserve disulfide bond
between IgG or Fab and the attached RTA.

Immunoreactivity Studies

To examine the immunoreactivities of IgG, Fab, mo-
dified 1gG and Fab and immunotoxins with the target
human leukemia cells, ELISA method was performed
as descried previously. Briefly, the target cells were fi-
xed on 96-well microtiter plates at a density of 4X10*
cells/well and the wells were incubated 2 hr at 37°C
with various concentrations of samples. Plates were
then washed with PBS and incubated for 90 min with
anti-mouse 1gG peroxide conjugate (Sigma, USA), then
plates were incubated for 30 min enzyme substrate
(0o-phenylenediamine/0.05% hydrogen peroxide). The
reaction was stopped by adding 2M sulfuric acid and
plates were read using microtiter plate at wavelength
of 492 nm (Multiskan MCC/340 MK II, Flow Lab., Swi-
therland).

In vitro Cytotoxicity Test

To study the cytotoxicity of the immunotoxins,
Daudi and K562 cells in 96-well microtiter plates at
a concentrations of 1X10* cells/well were treated with
various concentrations of IgG-RTA or Fab-RTA immuno-
toxins in complete RPMI 1640 medium (GIBCO, USA)
supplemented with 10% heat-inactivated fetal calf se-
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rum (GIBCO, USA) for 48 hr at 37°C in a humidified
atmospheric 5% CO,. Following treatment, the number
of viable cells was determined by MTT assay as pre-
viously described (Ford et al., 1989). The living cells
converted the yellow water soluble substrate 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl  tetrolium  bromide
(MTT, Sigma, USA) into a dark blue formazan product
and the amount of formazan produced was determi-
ned using microtiter plate reader at test wavelength
of 540 nm and reference wavelength of 620 nm.

RESULTS AND DISCUSSION

The anti-CALLA MoAb was one-step purified from
mouse ascites fluid using hydroxylapatite chromatogra-
phy and it showed selective immunoreactivity against
CALLA-positive Daudi lymphoblastoid cells and little
or no-binding for antigen negative K562 cells. The Fab
fragment of 1gG was highly purified by chromatography
on Protein-A Sepharose CL-4B and DEAE-Sephacel and
showed a single band at 46 kDa under 10% SDS-PAGE
as shown in Fig. 3.

The Fab fragment was 15 to 20-fold less immuno-
reactive against Daudi cells than its parental 1gG (Fig.
5A). This accords with previous finding (Derocq et al.,
1988) and the lower binding affinity of the Fab was
probably due to slight denaturation of the antibodies
during the papain digestion process of chromatogra-
phic processes.

Derivatizing ratio of pyridyl disufide group into IgG
and Fab fragment have a great role for the immuno-
logical stability of parent molecules and reaction acti-
vity with RTA. Average 2.2 and 1.4 pyridyl disulfide
groups of S-LC-SPDP were derivatized to a mole of
1gG and Fab, respectively, when each 10 molar excess
of S5-LC-SPDP was added to antibodies as shown in
Table I. The large excess of S-LC-SPDP (50-fold) and
longer reaction time (up to 2 hr) could not enhance
the modification yields as shown in Fig. 1A. S-LC-SPDP
modification might slightly decreased the immunoreac-
tivity of antibodies. Immunoreactivity of lgG was little
or not affected by S-LC-SPDP macodification but S-LC-
SPDP modified Fab was relatively less immunoreactive
than that of modified 1gG as shown In Fig. 1B, proba-
bly due to the increased hydrophobicity as a result
of the introduction of long-chained aromatic groups
into the small Fab (Carlsson et al., 1978).

IgG-RTA and Fab-RTA immunotoxins were formed
by conjugation the S-LC-SPDP modified antibodies and
the reduced RTA, allowing disulfide exchange to occur.
Excess of RTA was then separated from the conjuga-
tion mixture by chromatography on Sephadex G-200
as shown in Fig. 2.

Each peak was determined by 5% SDS-PAGE. Fig.
3 shows a typical heterogeneous mixtures of RTA con-
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Fig. 1. Effect of reaction concentration ratio of S-LC-SPDP
to 1gG and Fab for their modification yield (A) and corres-
ponding relative immunoreactivity (B).

jugated 1gG. The IgG-RTA mixture contains several
bands of immunotoxins. Based on the molecular
weight of the bands, they represent IgG immunotoxins
containing mono-(IgG-RTA, 180 kDa), di-(IgG-2RTA,
210 kDa), tri-(IgG-3RTA, 240 kDa), tetra-(IgG-4RTA, 270
kDa) RTA molecules and some higher oligomeric hy-
drids. Almost equimolar mono- and di-RTA immuno-
toxins were detected with traces of higher oligomeric
conjugates. In this study, the pooled fraction from 9
to 17 of Fig. 2a was used without further separation.
Contrary to the conjugating reaction for IgG-RTA im-
munotoxin, Fig. 3b shows that dimeric Fab-RTA (76
kDa) is a major product with trace amount of trimeric
(Fab-2RTA, 106 kDa) and tetrameric (Fab-3RTA, 136
kDa) in the Fab-RTA conjugation using S-LC-SPDP.
The RTA conjugation yields were calculated from
the amounts of unconjugated RTA and free IgG or
Fab when each 5 molar excess of RTA was added
to S-LC-SPDP modified antibodies. The degree of RTA
conjugated to S-LC-SPDP modified IgG and Fab were
67.3% and 57.0%, respectively as shown in Table |.
The conjugation reactions were very sensitive against
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Fig. 2. Elution profiles of the 1gG-RTA (a) and Fab-RTA (b)
immunotoxins on Sephadex G-200 gel filtration chromatogra-
phy.

a) the S-LC-SPDP modification, b) conjugation reaction
time, ¢} RTA/antibody molar ratio and d) total protein
concentration. The RTA conjugation yields were pro-
portional to degree of cross-linker modification of anti-
body. The RTA conjugation yields of 1gG-RTA was hi-
gher than that of Fab and it was considered that higher
modification yields might lead higher RTA conjugation.

Long conjugation reaction times (36 to 72 hr) and
farge excess of RTA (10 to 20-fold to antibody) could
not enhance the RTA conjugation yields, and further-
more long reaction times (up to 72 hr} and large ex-
cess of RTA caused serious protein precipitation and
formation of high molecular weight aggregates. Total
protein concentration of conjugation mixtures were
important in conjugation, at the low concentration of
under 1 mg/ml, the reactions were very slow or un-
reacted and high concentration of protein of over 5
mg/ml lead rapid reaction but formed high molecular
aggregates and RTA precipitation.
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Fig. 3. 5% SDS-PAGE analysis of IgG and 1gG-RTA. Each lane
stands for; a: molecular weight standard marker, b: IgG, ¢
1gG-RTA.

Table 1. Modification of S-LC-SPDP into the antibodies and
RTA conjugation vyields

Antibody  S-LC-SPDP modification? RTA conjugation vyield®

(S-LC-SPDP/Antibodies, M/M)

IgG 22405
Fab 14+03

67.3%
57.0%

“Degree of S-LC-SPDP modification obtained when 10 molar
excess of S-LC-SPDP added to IgG or Fab. The numbers
of 2-pyridyl disulfide structures introduced were calculated
from amount of pyridine-2-thione released on treatment of
the modified 1gG or Fab with a large excess of DTT. °RTA
conjugation to S-LC-SPDP modified 1gG or Fab, 5 molar ex-
cess of RTA added to antibodies.

Immunoreactivity of antibodies is generally reduced
by conjugation with toxins (Youle and Neville, 1982;
Fulton et al., 1986). Decreasing immunoreactivity of
IgG and Fab against target Daudi cells were also obser-
ved in this study. By conjugation with RTA, 1gG-RTA
and Fab-RTA showed 5- to 7-fold and 3- to 5-fold
lower binding affinities than those of intact 1gG and
Fab fragment, respectively. The Fab-RTA showed
15- to 20-fold less immunoreactivity than 1gG-RTA as
shown in Fig. 5B. This may be attributed to the loss
of avidity during the papain digestion of 1gG and slight
denaturation in conjugation procedure. Another reason
for the lower immunoreactivity of Fab immunotoxin
assembled with SPDP method may be the statistical
distribution of A-chain around the small Fab molecule
leading to a steric hindrance of single binding site (De-
rocq et al., 1988).

The in vitro cytotoxicity of 1gG-RTA, Fab-RTA and
intact RTA on Daudi cells were measured for the anti-
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genic and non-antigenic cells by MTT assay method.
The concentrations required to killing 50% of target
cells (LDsy) were shown Table II. The 1gG and Fab-RTA
showed as a mean value 210-fold and 45-fold potent
than intact RTA, resepctively, and the 1gG-RTA were
4.5-fold more potent than Fab-RTA in killing target
cells as shown Fig. 6.

It is generally accepted that the cytotoxic potencies
of immunotoxins are proportional to binding affinity
of immunotoxin to target cells. The Fab immunotoxins
having relatively low immunoreactivities over F(ab’),
and whole IgG immunotoxins showed 4- to 70-fold
lower potency comparing F(ab’), immunotoxins or
whole 1gG immunotoxins when  conjugated by
short-chained (6.8 A) crosslinker SPDP (Derocq et al.,

Fig. 4. 10% SDS-PAGE analysis of Fab and Fab-RTA. Each
lane stands for; a: molecular weight standard marker, b: Fab
and c: Fab-RTa.
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1988, Fulton et al., 1986). In cace of employing long-
chained cross-linker (100 A) to enhance their immuno-
reactivity, these long peptide spacer immunotoxins
showed 10-fold higher cytotoxicity than conventional

Table I1. Cytoxicity of RTA immunotoxins on Daudi cells

Immunotoxin LCsot SD (M) Number of
experiments

1gG-RTA 1.24+ 0.65X10° 6

Fab-RTA 558+ 0.58X10 " 6

RTA® 261+£0.79X10° 8 9

?Intact ricin A-chain.
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Fig. 6. Cytotoxic effect 1gG-RTA, Fab-RTA and intact RTA
upon Daudi cells in tissue culture. Daudi cells were cultured
for 48 hr in the presence of IgG-RTA, Fab-RTA and RTA.
The viable cells were measured by MTT assay. Points indica-
tes the mean of measurements of viable cells.
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Fig. 5. Immunoreactivity of Immunotoxins on immunogenic Daudi and non-immunogenic K562 cells.
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short-chained immunotoxins (Marsh and Neville, 1988).
In this study, despite 15- to 20-fold lower immunorea-
ctivity of Fab-RTA comparing 1gG-RTA, Fab-RTA show-
ed relatively high potent cytotoxicity to Daudi cells.
This relatively higher cytotoxicity of Fab immunotoxins
might be explained due to the long spacer bridge (15.
6 A) of Fab-RTA conjugated by S-LC-SPDP which could
reduce the steric hindrance of binding site and diffe-
rent geometric parameter between Fab and whole 1gG
immunotoxin in which RTA is statistically nearer to the
plasma membrane in Fab immunotoxin as compared
with whole IgG immunotoxin (Derocq et al., 1988).

In conclusion, the choice of a suitable cross-linker
is importance for preparation of immunotoxins with
highest cytotoxicity and specificity. The RTA immuno-
toxins of whole IgG and Fab fragments of anti-CALLA
MoAb using a water soluble long-chained crosslinker
S-LC-SPDP were prepared with high conjugation yieid
and they exhibited selective immunoreactivity and cy-
toxicity on the antigenic cell lines in vitro. Relative
high cytotoxic effect of Fab-RTA immunotoxin was
also confirmed over whole IgG-RTA in terms of their
immunoreactivities and this finding suggests that Fab
immunotoxins seem to be more prospective for in
vivo studies.
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