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ABSTRACT

A plant single-chain ribosome-inactivating protein derived from the
root tuber of TrÃ¬chosantheskirilowii, termed trichosanthin (TCS), Â»as
modified with 2-iminothiolane. It Â«asnot like trichokirin, a ribosome-
inactivating protein derived from the seeds of the same plant, in that TCS
retained full activity when 1.5 sulfhydryl groups were introduced into
each TCS molecule by 2-iminothiolane modification. The 2-iminothio-
lane-TCS was conjugated to Hepama-1, a monoclonal antibody directed
against human hepatoma with a cross-linking reagent, /Y-succinimidyl-3-
(2-pyridyl)-dithiopropionate. The hepatoma cytotoxicity of the immuno-
toxin, TCS-Hepama-1, was 500-fold higher than that of free TCS and
only 1 log lower than that of free ricin. However, the immunotoxin was
approximately 600-fold less cytotoxic to HeLa cells. The results sug
gested that the immunotoxin was a potent and quite specific antihcpatoma
agent and might have considerable potential in hepatoma therapy.

INTRODUCTION

Antibody-conjugated toxins, or so-called immunotoxins,
have been extensively studied in the last two decades (1-3). The
most popular effector of immunotoxins is ricin A chain. How
ever, some single-chain ribosome-inactivating proteins such as
saporin, pokeweed antiviral proteins, and gelonin, have become
very attractive competitors with RTA1. Particularly, it has been

reported that the immunoconjugate of saporin is more effective
in vivo than the conjugate between the same monoclonal anti
body and RTA (4). Recently, trichosanthin, the main effective
ingredient of a Chinese abortifacient, Tian Hua Fen (5), has
been identified as a single-chain RIP. Therefore, we are inter
ested in evaluating it as an immunotoxin effector.

Trichosanthin is a protein derived from the root tuber of
Trichosanthes kirilowii. It is a single-chain protein composed

of 234 amino acid residues (A/ri 25,600) (6). TCS has potent
cytotoxicity to placenta! trophoblasts (7) and hence has been
clinically used for terminating pregnancy in China. In the last
2 years a variety of proofs have been raised and allowed us to
identify TCS as a ribosome-inactivating protein. Zhang and
Wang (8) revealed a remarkable sequence homology between
TCS and RTA in 1986. A little later a surprising tertiary
structural similarity between TCS and RTA was found (9, 10).
Furthermore, Kubota et al. (l 1) reported that TCS and RTA in
solution had similar conformations according to their circular
dichroism spectra. Meanwhile our laboratory (12) and Mara-
gonore et al. (13) found that TCS actually had potent activity,
inhibiting protein synthesis in a reticulocyte lysate system. We
have also prepared an immunotoxin composed of TCS and an
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antihepatoma monoclonal antibody. It was 50-fold more cyto
toxic to human hepatoma cells than free TCS. The result
implied that TCS, like RTA and other RIPs, might effectively
inhibit cellular protein synthesis as it is internalized into the
cytosol. However, TCS retained less than 10% activity after the
modification of SPDP which was used for cross-linking TCS
and the monoclonal antibody (12). The present paper reports
an improved method for immunotoxin synthesis. By the new
method the problem of TCS inactivation was resolved, and a
potent and quite specific immunotoxin was constructed.

MATERIALS AND METHODS

Chemicals. Crystal trichosanthin was purchased from Jinshan Phar
maceutical Factory (Shanghai, China). Hepama-1, a monoclonal anti
body directed against human hepatoma (14) was purified from mouse
ascites containing the antibody by ammonium sulfate precipitation
(50% saturation) and DE-52 ion exchange chromatography.

SPDP and 2-IT were purchased from Sigma Chemical Co. (St. Louis.
MO). ['H]Leucine (122 Ci/mmol) was purchased from Shanghai Insti

tute of Atomic Nucleus, Academia Sinica.
Cells. The human hepatoma cell line SMMC-7721 was obtained

from Dr. C. Dong of the Second Military Medical College in Shanghai
(15, 16). The HeLa cell line was obtained from the late Dr. N. O.
Kaplan of the University of California at San Diego, San Diego, CA.

Modification of TCS with 2-IT. TCS was dissolved in 0.1 Mphosphate
solution (pH 8.5), and then dialyzed twice against the same solution.
To the dialyzed TCS was added 2-EtSH to 0.5%, followed by the
addition of 0.05 M 2-IT (in absolute ethanol) to a series of final
concentrations. The modification reaction was allowed to proceed for
2 h at room temperature. The reactants were separated on Sephadex
G-25 which was previously equilibrated and eluted with 10 mM acetic
acid-sodium acetate buffer (pH 5.0) containing 0.14 M NaCl and 1 mM
EDTA to remove excess reagents and free 2-EtSH. The sulfhydryl
groups introduced into TCS were assayed by Ellman's reagent (17).

The protein concentration was assayed by the method of Lowry et al.
(18). Modification of TCS and IgG with SPDP were carried out as
previously described (12).

Protein synthesis in a reticulocyte lysate system was measured by
['Hjleucine incorporation in trichloroacetic acid precipitate of the ly

sate. The assay was carried out as previously described (19).
Synthesis of Immunotoxin. The immunotoxin, TCS-Hepama-1, was

prepared basically as previously described (12, 20), except that 2-IT-
TCS was used in place of diphtheria toxin A chain. Briefly, purified
monoclonal antibody. Hepama-1, was mixed with a 6-fold molar excess
of SPDP in PBS. pH 8.0, the mixture was allowed to stand for 30 min
at room temperature, and then was dialyzed against PBS. Analysis for
2-pyridyl disulfide content (21 ) showed that the modified IgG contained
about 3-4 residues of (2-pyridyldithio)propionate per IgG molecule.

TheSPDP-modified Hepama-1 was mixed with a 3-fold molar excess
of 2-IT-TCS and stored in nitrogen atmosphere for 36 h at 4Â°C.The

product was purified on Sephadex G-150 to remove free TCS. The
fractions containing immunotoxins were pooled and stored at 4Â°Cfor

further experiments after aseptic filtration.
A control conjugate between TCS and normal mouse IgG was

constructed in the same way as that for TCS-Hepama-1.
Cytotoxicity Assay. The method was basically according to the

method of Wang et al. (12). Briefly, SMMC 7721 cells or HeLa cells
were cultured in Dulbecco's modified Eagle's medium with 10% new-
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born calf serum (1 x IO4cells/well) and incubated in 5% CO; at 37Â°C.

The cells were treated with the immunotoxin or free TCS in escalating
concentrations for a certain time. After the incubation, the medium
was aspirated and the cells were washed twice with PBS, then 0.18 ml
of leucine-free RPMI 1640 medium containing 1 ^Ci ['Hjleucine was

added. The cells were reincubated for an additional 4 h. Finally. KOH
was added up to 0.1 N. Five min later, trichloroacetic acid was added
up to 5-10ri. The cells were collected on glass fiber filter paper by a

multichannel cell harvester. The precipitate was washed with 5% tri
chloroacetic acid and then 95% alcohol. After drying, each piece of
filter paper was put into 5 ml of scintillation solution and counted by
an automatic scintillation counter.

RESULTS AND DISCUSSION

Effect of 2-IT Modification on TCS Activity. SPDP modifi
cation made TCS lose more than 90% activity (12). In contrast,
2-IT modification did not cause any significant inactivation of
TCS when 1.5 sulfhydryl groups were introduced into each TCS
molecule. However, only 5% of TCS activity remained when
the â€”SH/TCS molar ratio increased up to 2.7 (Table 1).

Casellasef a/. (22) reported that 2-IT modification made 95%
loss of the activity of trichokirin, a protein derived from the
seeds of Trichosanthes kirilowii. Our results shows that there
are some differences between trichosanthin and trichokirin, at
least in the case of 2-IT modification, although they are from
the same plant and have very similar structures (22).

Table 1 Comparison of inhibitory activity among TCS unti its 2-IT-moÃ¼ifieÃ¼
derivatives

The sulfhydryl groups introduced into TCS were assayed by Kllman's method
(17). IC'JOis the concentration of TCS or 2-IT-TCS required for 50'V inhibition

of protein synthesis in a reticulocyte lysate system (19).

of activity =
irwTCS

1CÂ«,2-IT-TCS
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Fig. 2. Cytotoxicity of TCS-Hcpama-1 and free TCS to the SMMC 7721 cells
(60-h treatment). The SMMC 7721 cells (K)4 cells/well) were Ireated with TCS-
Hepama-1 or TCS for 60 h. Then the medium was aspirated away and cells were
washed twice with PBS: 0.18 ml of leucine-free RPMI 1640 medium containing
1 /it i |TI|leucine was added. The cells were reincubated for an additional 4 h.
The procedure for scintillation counting was carried out as described in "Materials
and Methods." D. TCS-Hcpama-1; A, TCS: O, ricin.

Protein concentration (rig/ml)
Fig. 1. Effects of TCS and reduced TCS-Hcpama-1 on protein synthesis in a

cell-free system. The inhibitory activity toward translation was assayed in a
reticulocyte lysate system (19): 60 ii\ of the reaction mixture for each test
contained 10 IHMTris-HCl buffer. pH 7.5. O.I M KC1. 2 imi MgCI2. 1 itiM ATP.
0.2 triM GTP. 15 /JM creatine phosphate, 0.16 mg/ml creatine phosphokinase.
0.05 mM mixed amino acids (leucinc-frec). 1.5 //Ci ['H]leucinc. 14 fil of reticulo
cyte lysate. and 20 pi of TCS or TCS-Hcpama-1 solution which was previously
reduced by using 5rr 2-EtSH at 37Â°Cfor 1 h. The mixture was incubated at 37'C

for 1 h. Radioactivity was determined by scintillation counting. A, TCS; O.
reduced TCS-Hcpama-1.
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Treatment time (hr.)
Fig. 3. Relationship between log (1CW)and the time of Â¡mmunoloxintreatment.

The cytotoxicity assay was carried out as described in the legend to Fig. 2.

Protein Synthesis-inhibiting Activity and Cytotoxicity of TCS-
Hepama-1. On sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis, no free TCS contamination was detected in TCS-
Hepama-l which had been purified by Sephadex G-150. Fig. 1
shows that IC^i of 2-EtSH-reduced TCS-Hepama-1 was 7 times
the ICâ„¢of free TCS (in weight concentration). The immuno
toxin mainly consisted of the TCS-Hepama-1 conjugate (1 mol/
1 mol) whose molecular weight was also about 7 times that of
TCS. Therefore, the mean molar ratio of TCS to Hepama-1 in
the conjugate was about 1:1, according to their protein synthe
sis-inhibiting activity. This verified that the immunotoxin was
well constructed, since it was TCS free.

TCS-Hepama-1 and free TCS had IC5(,sof 1.0 x IO'"' M and
5 x 10"* M, respectively, when the SMMC 7721 cells were

treated with them for 60 h (Fig. 2). The immunotoxin was 500-
fold more cytotoxic to the hepatoma cells than free TCS. The
results showed that the hepatoma cytotoxicity of TCS-Hepama-
1 was time dependent. A linear relationship between log (IC50)
and treatment time has been found (Fig. 3). In spite of the slow
kinetics of the immunotoxin action, it was only 12-fold less
cytotoxic to the hepatoma cells than ricin (Fig. 2). This sug
gested that the internalizaron was not a severe obstruction to
the effect of TCS-Hepama-1 as the immunotoxin was very
potent to the target cells. Hepama-1 did not exhibit significant
cytotoxicity as its concentration up to 1 x 10~6 M. TCS plus
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Hepama-1 exhibited cytotoxicity similar to TCS alone (data
not shown).

Specificity of TCS-Hepama-1. Fig. 4 shows that the cytotox
icity of TCS-Hepama-1 could be blocked with 100-fold excess
free Hepama-1, and the hepatoma cytotoxicity of a control
conjugate, TCS and normal mouse IgG, was 100-fold less than
that of TCS-Hepama-1. Effects of TCS-Hepama-1, TCS, and
Hepama-1 on HeLa cells were shown in Fig. 5, respectively.
The ICsoS were 3.8 x 10~7 M and 1.7 x 10~7 M, respectively,

for TCS-Hepama-1 and TCS when HeLa cells were treated for
46 h. The 1C50of TCS-Hepama-1 to the SMMC 7721 cells was
6.5 x IO"1" M in the 46-h treatment. Therefore, TCS-Hepama-

1 was 590-fold more cytotoxic to the SMMC 7721 cells than
to HeLa cells. The results demonstrated that TCS-Hepama-1
could selectively kill human hepatoma cells, and the cell speci
ficity should be attributed to the monoclonal antibody targeting.

Preliminary in vivo results showed TCS-Hepama-1 could
distinctly suppress human hepatoma transplanted into nude
mice (the results will be published later). TCS does not contain
carbohydrates (23) that probably make TCS have a relatively
long half-life in the blood stream. Up to date, among single-
chain RIPs, TCS is the only one of which both primary and

f
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Fig. 4. Cytotoxicity of TCS-Hepama-1. TCS and normal mouse IgG. and
TCS-Hepama-1 excess Hepama-1 (1:100 molar ratio) to the SMMC 7721 cells
(48-h treatment). The assay was carried out as described in the legend to Fig. 2.
O, TCS-Hepama-1: A, TCS and normal mouse IgG: D. TCS-Hepama-1 plus
Hepama-1 (1:100 molar ratio).
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Fig. 5. Cytotoxicity of TCS-Hepama-1 and free TCS on HeLa cells. The HeLa
cells (I x 10" cells/well) were treated with TCS-Hepama-1 and free TCS.
respectively, for 46 h. The cytotoxicity assay was carried out as described in the
legend to Fig. 2. D. Hepama-1: A. TCS; O. TCS-Hepama-1.

tertiary structures have been analyzed, and has been clinically
used as a legal drug in our country. Therefore, TCS is a
worthwhile new immunotoxin effector, and TCS-Hepama-1

may have potential for hepatoma therapy.
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