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Restrictocin, a toxin produced by the fungiispergillus restrictusis a potent inhibitor of eukaryotic protein
synthesis. Recombinant restrictocin was madesoherichia coliand purified to homogeneity in large amounts.
The recombinant protein was found to be poorly immunogenic in mice with low toxicity, when injected
intraperitoneally. Two immunotoxins were constructed by coupling the recombinant restrictocin to an antibody
to the human transferrin receptor, using a cleavable and a stable linkage. The immunotoxins so generated showe
specific cytotoxic activity toward receptor bearing cells in tissue culture. Immunotoxin with a cleavable linkage,
however, was more active than that containing a stable linkage. Restrictocin appears to be a promising candidat:
to be developed as a chimeric toxin for targeted therapy.1996 Academic Press, Inc.

Immunotoxins are cytotoxic molecules created by attaching protein toxins to tumor spec
monoclonal antibodies. Toxins from bacterial and plant sources have been successfully us
generate active immunotoxins and chimeric toxins for targeting to cancer and virus infected «
[1, 2]. In the early clinical trials, immunotoxins and chimeric toxins containing Ricin and Pse
domonas exotoxin A look promising to be used as a modality to treat cancer either independ
or in combination with the chemotherapy [3, 4]. The problems associated with these molect
identified by the clinical trials, include dose limiting toxicity and immunogenicity which ar
contributed by the toxin moiety in these hybrid proteins [3]. To circumvent the immunogenicity ¢
toxicity problems, there is a requirement to explore and characterize new toxin molecules
desirable properties, that can be used to construct potent immunotoxins. The toxin restrict
produced byAspergillus restrictushelongs to a class of fungal ribotoxins that are among the ma
potent inhibitors of translation known [5, 6] They cleave a single phosphodiester bond in the
rRNA, in turn inhibiting the translation [7, 8]. Restrictocin lacks a cell binding activity, and nee
to be introduced into the cell to manifest its effect [5]. The single chain structure and the po
protein synthesis inhibition activity, of restrictocin makes it a potential candidate to be used in
construction of immunotoxins and recombinant toxins. We have investigated the toxic and im
nogenic activities of recombinant restrictocin produced in bacteria. The recombinant restrict
has been used to construct immunotoxins with an anti-human transferrin receptor antibody, t
two different linkers, to target the toxin to cancer cells using transferrin receptor and alsc
elucidate the probable mode of action of these immunotoxin.

METHODS

Purification of recombinant restrictocin. E. catells, strain BL21 {DE3), were transformed with a plasmid pRest that
contains DNA encoding restrictocin under a phage T7 promoter. Restrictocin was isolated from the inclusion bodies
renatured as described [9]. Recombinant protein was purified to homogeneity by successive chromatography on
exchange and gel filtration columns.

Toxicity and immunogenicity of recombinant restrictocin in mi2#ferent doses of recombinant protein were intraper-
itoneally injected, in 6-8 weeks old, Balb/c mice. Animals were observed for signs of toxicity and mortality for 96 ho
LD50 is the dose at which 50% of the animals were killed after 72 hrs of toxin administration.

For immunogenicity studies, Balb/c mice were immunized with restrictocin adsorbed on alum and antibody resp
against restrictocin in blood samples was evaluated by ELISA.

1 Corresponding author Fax: 91-11-6862125. E-mail: janendra@nii.ernet.in.
Abbreviations: TFR, transferrin receptor, PE, pseudomonas exotoxin A, DT, diphteria toxin
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Construction of immunotoxinfmmunotoxins were made using the methods described [10, 11] Briefly, restrictocin w
derivatized with 3-fold molar excess of 2-Iminothiolane. Purified anti-human TFR antibody, HB21, was either derivati
with N-succinimidyl 3-(2-pyridyldithio) propionate or with Succinimidyl 4-(N-maleimidomethyl)cyclohexane-1
carboxylate and separately mixed with the derivatized restrictocin to respectively yield conjugates with cleavable dist
or non-cleavable thio-ether linkages between the antibody and the toxin. Immunotoxins after conjugation were purifie
gel filtration chromatography and only those fractions which did not contain any free antibody or toxin were pooled.

Cytotoxicity assayCells were incubated with various dilutions of the toxin made in phosphate buffer saline contain
0.2% human serum albumin. After 48 hours, cells were labeled #thigucine, harvested and counted on filtermats using
a LKB B-plate counter. For competition experiments, 4@ of antibody was added per well prior to the addition of the
immunotoxin.

For competition binding analysis, cells were incubated for two hours at room temperature with various concentratio
cleavable and non-cleavable anti-TFR-restrictocin contaidfiigHB21. Cells were washed and counted directly in a
gamma counter (LKB). HB21 was iodinated using the lactoperoxidase method [12].

RESULTS AND DISCUSSION

An ideal toxin molecule for use in immunotoxin construction will be one with no non-specif
toxicity and poor immunogenicity. Since restrictocin by itself is unable to bind eukaryotic ce
because it lacks a cell binding activity, it appears to be a promising molecule for construc
immunotoxins. Earlier, we have cloned the gene for restrictocin and refolded the active pra
from the bacterial inclusion bodies. In this study the recombinant toxin was tiestéeb, in mice
for its toxicity and immunogenicity. No mortality was observed in mice injected with upt@ag00
(i.e. 20mg/kg of body wt.) of restrictocin, while all the animals in the group injected witiu§00
of protein died after 72 hours. Thus the LD50 of restrictocin was found to be >20 mg/kg bc
weight. Restrictocin was found to be poorly immunogenic, as administrationuaf @frestrictocin
adsorbed on alum, produced a maximum of 25ng/ml of anti restrictocin antibody, after three we
which gradually declined and no detectable antibody levels were present after the fifth w
(Figure 1). As compared to other toxins toxicity and immunogenicity of restrictocin in mice appe
to be significantly lower [13, 14].

To evaluate the usefulness of recombinant restrictocin in the construction of immunotoxin
was chemically coupled to a murine monoclonal antibody, HB21, directed against the hui
transferrin receptor. The transferrin receptor has been shown to be overexpressed in a num
cancers and has been used earlier to evaluate the efficacy of immunotoxins [10, 15]. To gen
an immunotoxin, the monoclonal antibody could be coupled to the toxin either by a cleave
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FIG. 1. Immunogenicity of recombinant restrictocin in mice. Recombinant restrictocin, at a concentration of 1mg/
was mixed with equal volume of alum and incubated overnight at 4°C. 6—8 week old inbred Balb/c mice were intraj
toneally immunized, with 1@g of restrictocin adsorbed on alum. Blood samples were collected at weekly intervals, &
antibody response against restrictocin was evaluated by ELISA using restrictocin as the coating antigen. A sandwich E
using anti-mouse antibody as the coating antigen followed by known amount of mouse 1gG and anti-mouse IgG-HRP
used to plot the standard curve and quantitate the antibody generated against restrictocin.
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linkage e.g. disulfide or a stable non-cleavable linkage e.g. thio-ether. Although immunotoxins \
a non-cleavable linkage are more stablevivo, not all toxins could be coupled through this
linkage. It has been shown that ricin-based immunotoxins are active only when a cleavable lin
is used to couple the toxin with the antibody [1], whereas, PE and DT could be couplec
antibodies with both cleavable and non-cleavable linkages to make active immunotoxins [1]. In
study, the recombinant restrictocin was coupled to the anti-TFR antibody using both a disulfide
a thio-ether linkage to produce a cleavable and a non-cleavable anti-TFR-restrictocin respect

The activity of both immunotoxins was tested on a variety of human cancer cell lines, expres
varying numbers of transferrin receptor, by a quantitative assay in which their ability to inhi
protein synthesis was measured. Anti-TFR-restrictocin, with a cleavable linkage, inhibited pro
synthesis in a dose dependent manner in most of the cell lines studied, and was most active or
102 cells with an 1Q, of 30 pM (Figure 2, Table 1). Anti-TFR-restrictocin containing a non
cleavable linkage also was most active on HUT 102 cells with ag ¢©135 pM (Figure 2, Table
1). However, on other cell lines studied, the conjugate with the non-cleavable linkage exhib
very little cytotoxic activity (Table 1). The cytotoxicity of both the conjugates was specifi
because in the presence of excess unconjugated antibody there was no inhibition of protein
thesis even at the highest immunotoxin concentration studied (Figure 2). Also, neither conjug
showed cytotoxic activity on a murine cell line L929 thereby establishing their specific binding
the human transferrin receptor (Table 1). Recombinant restrictocin alone did not inhibit pro
synthesis in any of the cell lines studied, up to a concentration of 62.5 nM.

To investigate if the differential activities of two immunotoxins were due to differences in the
binding affinity for the human transferrin receptor, a competition binding analysis was perforn
on HUT 102 and A431 cells. Both immunotoxins were found to equally and efficiently compe
for binding to the human transferrin receptor and the competition was the same as that
unlabeled native antibody (Figure 3). Toxin alone did not compete for the binding of labe
antibody to its receptor.
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FIG. 2. Activity of anti-TFR-restrictocin on various cell lines. Circles and squares respectively represent cleavable
cleavable anti-TFR-restrictocin. Immunotoxins were added to the cells in the ab§erck énd presence®, m) of excess
of anti-TFR antibody (50g/ml) for 48 hrs at 37°C.3H] incorporation was measured as described.
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TABLE 1
Cytotoxic Activity of Restrictocin Containing Immunotoxins
IDso (PM)

Cell line Cleavable Non-cleavable
HUT102 30 140
A549 85 1600
U937 170 2000
MCF7 66 >5000
A431 85 >5000
COL0O205 80 >5000
DU145 950 >5000
KB 1100 >5000
SK-BR-3 2500 >5000
L929 >25,000 >25,000

Adherent cells were plated at a density of 5 * tells per
well in 96 well plates, 16 hours before addition of toxin. Sus-
pension cells were seeded in 80% leucine free DMEM contain-
ing 18% RPMI 1640 and 2% serum and used immediately.
Cells were incubated with various dilutions of immunoconju-
gates at 37°C. After 48 hours, adherent cells were washed twice
with leucine free DMEM and labeled for two hours with 0.25
wCi of [3H] leucine. Suspension cells were directly labeled with
0.5 uCi of [3*H] for two hours. The cells were harvested and
counted on filtermats using a LKB-plate counter. ID50 is the
amount of conjugate required to inhibitH] leucine incorpo-
ration by 50% to that of control where no toxin was added.

We have earlier used the same anti-TFR antibody to make chemical conjugates with a trun
version of PE and the activities reported are similar to those seen with cleavable anti-T
restrictocin in the present investigation [10, 15]. The cytotoxic activity of anti-TFR-restrictocin
also comparable to that shown for DT388-Anti-TFR(Fv), a chimeric toxin containing DT and
portion of the monoclonal antibody HB21 [15]. Previously, restrictocin arsércin purified from
the fungal culture have been used to make immunoconjugates which were found to have
cytotoxic activity on target cells, 1Ry's being in uM range [16-18]. Recombinant mitogillin has
been used to produce an immunotoxin which was active on a target cell line [19]. The |

Binding, % Control

100 HUT102 | 100 — A431
75 _ 80 ——
50 ; 60 ;
26 — 40 —
0 I PEFRTCTTY EEEERETT RENEREETTT EECRTRTer | 20 I R BRI EETIT BETERE I BT
001 010 1.00 10.00 100.00 001 040 100 1000 100.00

Concentration, pmoles/ml

FIG. 3. Binding activity of anti-TFR-restrictocin-?3-labeled HB21 as tracer was incubated with cleavable anti-TFR
restrictocin @), non-cleavable anti-TFR-restrictocim), and native HB21@) on HUT102 and A431 cells. 4x¥@ells
were washed twice with binding buffer (DMEM containing 0.1% BSA) and incubated for two hours at room tempera
with various concentrations of cleavable and non-cleavable anti-TFR-restrictocin containing 1.5ngH&21 in 200 ul
of binding buffer. Cells were washed thrice with binding buffer and counted directly in a gamma counter (LKB).

61



Vol. 222, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

conjugates made in this study differ in the nature of linkage between the antibody and recomb
restrictocin. The non-cleavable conjugate was inactive on most of the cell lines studied wi
implies that for ribotoxin-based immunotoxins to be maximally active, the linkage has to
cleavable. However, the same conjugate does show activity on HUT102 cell line which is also r
sensitive to the cleavable conjugate. Since HUT 102 cells have lower number of transfe
receptors as compared to A431, A549, MCF7 and KB, it appears that factor(s) other than rec
mediated endocytosis are also involved in the cytotoxicity of restrictocin-based immunotoxins.
mechanism by which immunotoxins kill cells involves binding to the receptor, internalization &
subsequent translocation of the toxin to the target. There may be a processing step involved k
translocation, as shown earlier for DT and PE [1], and Ricin A chain containing chimeras [20]
conjugates containing DT and PE, furin, a protease has been shown to be responsible for the r
of the active fragment. In our study, the two restrictocin-based immunotoxins do not differ
receptor binding activity, thus the differential cytotoxic activity may be due to differences
processing and/or translocation. It appears that for cytotoxic activity to be manifested by
restrictocin containing immunotoxins, active toxin or a fragment thereof has to be released fron
conjugate. The release of active restrictocin from the cleavable conjugate could be achieved
hydrolysis of disulfide linkage between the antibody and the toxin, which would not happen w
the conjugate having a stable linkage. Since both conjugates in the current study are most :
on HUT 102 cells, it appears that these cells produce a protease that might be involved in rele
the active moiety from the toxin molecule. The other cell lines, on which the cleavable conjuc
shows potent cytotoxic activity but the stable conjugate is poorly active, may be producing
protease in lower quantities which may not be optimum for the processing of the stable conjut
Also, since the cleavable conjugate is active on a variety of cell lines, it appears that thougt
toxin lacks a cell binding activity it does have translocation activity within the molecule.

In conclusion, we have shown that recombinant restrictocin can be used to make potent in
notoxins using appropriate antibodies. The intracellular processing of restrictocin-based imm
toxins may not be ubiquitous and could be a property of selective cells. This could be expl
further to generate restrictocin based recombinant chimeric toxins for selective eliminatior
particular cell types.

ACKNOWLEDGMENTS

The work was supported by grants to the National Institute of Immunology from the Department of Biotechnolc
Government of India. Technical assistance of Mr. Kevlanand is acknowledged. Dharmendar Rathore is a Senior Re:
Fellow of the Council of Scientific and Industrial Research (CSIR).

REFERENCES

1. Pastan, ., Chaudhary, V., and FitzGerald, D. J. (199®)u. Rev. Biochen1, 331-354.

. Brinkmann, U., and Pastan, I. (199)ochem. Biophys. Acta198,27-45.

3. Pai, L. H., and Pastan, |. (1998)Biologic Therapy of Cancer (DeVita, V. T., Hellman, S., and Rosenberg, S. A., Eds
2nd ed. pp. 521-533, Lippincott, Philadelphia.

4. Pai, L. H., and Pastan, I. (1994)Important Advances in Oncology (DeVita, V. T., Hellman, S., and Rosenberg, S. A
Eds), pp. 3-19, Lippincott, Philadelphia.

5. Lamy, B., Davies, J., and Schindler, D. (1992)Genetically Engineered Toxins (Frankel, R. E., Ed.), pp. 237-258

Dekker.

. Lopez-Otin, C., Barber, D., Fernandez-Luna, J. L., Soriano, F., and Mendez, E. EL%84) Biochem143,621-634.

. Endo, Y., and Wool, I. G. (1982). Biol. Chem257,9054-9060.

. Endo, Y., Gluck, A., Chan, Y. L., Tsurugi, K., and Wool, I. G. (1990)Biol. Chem265,2216-2222.

. Buchner, J., Pastan, I., and Brinkmann, U. (19883l. Biochem205, 263—-270.

10. Batra, J. K., Jinno, Y., Chaudhary, V. K., Kondo, T., Wilingham, M. C., Fitzgerald, D. J., and Pastan, |. Pt889)
Natl. Acad. Sci86, 8545-8549.

11. Kondo, T., FitzGerald, D., Chaudhary, V. K., Adhya, S., and Pastan, |. (10&8pl. Chem263,9470-9475.

12. Harlow, E., and Lane, D. (1988) Antibodies: A Laboratory Manual, pp. 335, Cold Spring Harbor Laboratory Press (
Spring Harbor, NY.

N

© 0 ~NO®

62



Vol. 222, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

13.
14.
15.
16.

17.

18.

19.
20.

Griffin, T. W., Morgan, A. C., and Blythman, H. E. (1988)Immunotoxins (Frankel, R. E., Ed.), pp. 433-455, Dekker.
Hertler, A. A. (1988)n Immunotoxins (Frankel, R. E., Ed.), pp. 475-480, Dekker.

Batra, J. K., Fitzgerald, D. J., Chaudhary, V. K., and Pastan, |. (198l)Cell. Biol. 11, 2200-2205.

Orlandi, R., Canevari, S., Conde, F. P., Leoni, F., Mezzanzanica, D., Ripamonti, M., and Colnaghi, M. ICA198%)
Immunol. Immunother26, 114-120.

Conde, F. P., Orlandi, R., Canevari, S., Mezzanzanica, D., Ripamonti, M., Munoz, S. M., Jorge, P., and Colnaghi,
(1989) Eur. J. Biochem178,795-802.

Wawrzynczak, E. J., Henry, R. V., Cumber, A.J., Parnell, G. D., Derbyshire, E. J., and Ulbrich, N. EL.891)
Biochem.196, 203-209.

Better, M., Bernhard, S. L., Lei, S-P., Fishwild, D. M., and Carroll, S. F. (199Bjol. Chem267,167712—-16718.
Cook, J. P., Savage, P. M., Lord, J. M., and Roberts, L. M. (1B@R®)onj. Chem4, 440-447.

63



