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ABSTRACT

An immunotoxin (IT) was prepared from monoclonal antibody (Mo Ah)
115D8 and ricin A chain. MoAh 115D8 is directed against the carcinoma-
associated sialomucin MAM-6. In a protein synthesis inhibition assay
this IT was cytotoxic for the human breast cancer cell line T47D. Using
postembedding immunoelectron microscopy the binding and intracellular
routing of the IT in 1471) cells were studied by simultaneous labeling of
both IT moieties, MoAb and A chain, and compared with the fate of
native ricin and MoAb USDS. The IT was internalized into the cell by
two different pathways: one via coated pits-coated vesicles followed by
transport to the lysosomes and one via large enclosed invaginations of
the plasma membrane which apparently fused with lysosomes. This
internalization was similar to the endocytosis of MoAb USDS. During
transport via both pathways the IT remained intact until it reached the
lysosomes as suggested by the observation that the labels for 115D8 and
ricin A chain remained closely associated. Moreover, in areas with
abundant endocytic vesicles the labels for both IT moieties were also
found in the cytosol, suggesting that intact IT is translocated from the
vesicles into the cytosol. In control experiments, native ricin, but not
unconjugated MoAb USDS, was found in the cytosol after internalization.
Data presented here show for the first time the complete intracellular
pathway of an antibody-ricin A chain conjugate, including the transloca
tion of the A toxin subunit into the cytosol. This IT may be useful for
therapy of those tumors which express a high level of MAM-6 on the
cell surface.

cally linked to a toxin, or its A chain. ITs constructed with
MoAbs directed against tumor-associated antigens may be used
to selectively kill tumor cells (for a review, see Ref. 6). In vitro
studies show that ricin A chain ITs are generally less toxic than
whole ricin (7). This may be due to a less efficient translocation
of the A chain across the membrane, when the B chain is not
present. Ultrastructural studies by Carriere et al. (8) showed
that antibody-ricin A chain conjugates were transported via
endocytic vesicles to the lysosomes. However, they did not
elucidate the translocation of the A chain into the cytosol. This
could be due to the fact that they used ITs adsorbed on colloidal
gold particles, and this conjugate follows a different intracel
lular routing than native IT (2).

We have studied the uptake and intracellular route of ricin A
chain coupled to MoAb 115D8 by using postembedding IEM
techniques. MoAb 115D8 is directed against a mucus glycopro-
tein, MAM-6, associated with carcinoma cells (9). We could
show that, after 2-h incubation of human breast cancer cells
with this IT, ricin A chain molecules were transported into the
cytosol, although less efficiently than intact ricin.

MATERIALS AND METHODS

Cell Line

INTRODUCTION

Ricin is a plant toxin consisting of two polypeptide chains
(each with molecular weight of about 30,000) linked by a
disulfide bond. The B chain is a lectin that binds to cell surface
receptors. The A chain is an enzyme which inhibits protein
synthesis by modification of elongation factor 2 (1). Ricin A
chain must be translocated to the cytosol in order to reach its
intracellular target, the ribosomal 60S subunit. As deduced
from biochemical and ultrastructural studies, the following
route can be postulated. The ricin B chain binds to its receptor
on the cell surface and is internalized together with the A chain
via coated pits and vesicles to reach the endosomal system (2).
A conformational change caused by incorporation of the hydro-
phobic ricin B chain into the hydrophobic region of membranes
may induce translocation of the A chain across the membrane
into the cytosol. Nicolson et al. (3) detected ferritin-conjugated
ricin in the cytosol of SV40-transformed 3T3 fibroblasts within
60 to 90 min after incubation. More recently it has been found
that ricin A chain also contains two sizeable hydrophobic
domains and is able to bind to lipid membrane bilayers, which
may facilitate its entry into the cytosol (4, 5).

ITs3 are hybrid molecules consisting of an antibody chemi-
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The human breast cancer cell line T47D was obtained from the
American Type Culture Collection (Rockville, MD). The cells were
maintained in Dulbecco's modified Eagle's medium supplemented with

10% fetal calf serum.

Preparation of the Immunotoxin

MoAb 115D8 (9) was purified from mouse ascitic fluid by affinity
chromatography using Protein A-Sepharose. IT consisting of MoAb
115D8 coupled to highly purified ricin A chain was prepared as de
scribed previously (10, 11). Briefly, linkage of the antibody (6 mg/ml)
to SPDP was performed as suggested by the supplier (Pharmacia,
Uppsala, Sweden). SPDP-modified IgG and ricin A chain (1:1 molar
ratio) were mixed and incubated overnight. The immunotoxin was
purified by gel filtration on Sephadex G-100. The modification and
conjugation process were monitored spectrophotometrically and finally
assessed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
The average number of A chain molecules per antibody was in the
range of 1.5 to 2.0. The percentage of free antibody in the IT prepara
tions was always less than 10%. The activity of the A chain in the IT
was measured by the capacity to inhibit protein synthesis in a cell-free
system (10). The binding activity of the IT to target cells was tested by
FACS IV analysis. The 115D8-ricin A chain conjugate showed the
same binding capacity as the unconjugated MoAb 11SD8. All A chain
and antibody activities were preserved after conjugation. IT concentra
tion was expressed as A chain-equivalent molarity.

Protein Synthesis Inhibition Assay

Cytotoxicity was determined by inhibition of protein synthesis as
previously described (7, 10). Briefly, exponentially growing cells sus
pended in fresh culture medium (2 x IO5 cells/ml) were dispensed in

50 Â»ilaliquots into the wells of microtiter plates. Fifty Â¿Â¡Iof a serial
dilution of toxin or IT were added to each well and incubated overnight
at 37"C. Subsequently, 1 iiCi of [l4C]leucine was added and incubated
for 4 h at 37*C. After incubation the cells were immediately chilled on

ice and detached by -trypsinization. Cells were harvested, and incorpo
ration of radioactivity into the cells was determined in a liquid scintil-
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lation counter. Results are expressed as the percentage of [14C]leucine

uptake relative to untreated controls. If monensin was used it was
included (10~7 M) in the first incubation step. Monensin enhances the

cytotoxicity of ITs containing ricin A chains (7).

Preparation of Gold Conjugates

Five-nm and 10-nm Protein A-gold conjugates were prepared as
described by Slot and Geuze (12); GAM/Au5 was obtained from
Janssen Pharmaceutica (Beerse, Belgium).

Internalization of MoAb

Preembedding IEM. Cells grown as a monolayer in Petri dishes
(Falcon 3001) were incubated in situ with 1 ml of 115D8 ascitic fluid
(1/100) in PBS for l h at 4Â°C.Subsequently the cells were washed in
cold PBS and incubated with PA/Au5 (1/250) at 4Â°Cfor 1 h, washed
in cold PBS, and incubated further at 37Â°Cfor various periods of time

(0 to 2 h) to determine the incubation period for maximal internaliza-
tion. Using preembedding IEM the incubation of the cells with the
MoAb and the first incubation with the gold conjugate needed to be at
4Â°Cto label the antigens attached to the cell surface prior to internali-
zation, which occurs at 37Â°C.After this study, incubation for 2 h at
37Â°Cwas chosen to follow the intracellular routing of ricin and IT. The

cells were then fixed with 2.5% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.2), postfixed in 1% osmium tetroxide in the same buffer,
scraped from the dishes with a rubber policeman, dehydrated, and
embedded in a mixture of Epon and Araldite. Thin sections were stained
with uranyl acetate and lead hydroxide.

Postembedding IEM. The cells were processed as described above up
to and including incubation with 115D8 for 1 h at 4"C. Subsequently,
the cells were washed with cold PBS and incubated further at 37Â°Cfor

various periods of time (0 to 2 h), fixed with a series of 2, 4, and 8%
paraformaldehyde in PBS, scraped from the dishes, and embedded in
10% gelatin in PBS. Preparation of cryosections and im muÃ±olabel ing
were carried out as described previously (9). Since 115D8 did not bind
PA/Au after fixation, cryosections of approximately 100 nm were
incubated with rabbit anti-mouse IgG (1/40) (Nordic Pharmaceutical,
Tilburg, The Netherlands), followed by incubation with PA/Au5. Both
incubations lasted 1 h. After immunolabeling the sections were stained
with uranyl acetate and embedded in methylcellulose. As negative
control in both experiments, a nonrelevant mouse monoclonal antibody
was used.

Internalization of Ricin

Cells were incubated in situ with Ricinus commuais II (100 Mg/ml)
for 2 at 37Â°C.Preincubation at 4Â°Cwas not necessary because incuba

tion with antiserum and conjugate was done on the thin cryosections.
Moreover the morphology of the cells was better preserved when this
preincubation was omitted. Subsequently the cells were fixed with
paraformaldehyde and processed for postembedding IEM as described
above. In control experiments 0.3 M D-galactose was added with the
ricin. Thin frozen sections were incubated with R anti-RCA (13) (l/
20) kindly provided by Dr. Brands, followed by incubation with PA/
Au 10.

Internalization of USDS Bound to Ricin A Chain

Cells were incubated in situ with the IT (1/50) at 37Â°Cfor 2 h. When

the effect of monensin (0.2 /<g/ml) was studied it was added at the same
time as the IT. Subsequently the cells were fixed with paraformaldehyde
and processed for postembedding IEM. Thin frozen sections were
stained with the following protocols that show the moiety of the IT
labeled and the sequences of the immunolabeling steps: 1. labeling of
115D8: GAM/Au5; 2. labeling of A chain: R anti-RCA-PA/AulO; 3.
labeling of A chain (AulO) and 115D8 (Au5): R anti-RCA-PA/AulO-
GAM/Au5; 4. labeling of 115D8 (Au5) and A chain (AulO): GAM/
Au5-R anti-RCA-PA/AulO; 5. labeling of 115D8: R anti-RCA-GAM/
Au5; and 6. labeling of 115D8 (Au5): PA/Au 10-GAM/Au5.

In Protocols 3 and 4 both moieties of the IT are labeled in a reverse
order, to assess a possible interference between both probes. Protocols

1 and 2 were designed to compare the binding of the moieties of the IT
in a single labeling step with their binding using double labeling
(Protocols 3 and 4). Protocol 5 was carried out to assess whether the
first incubation with R anti-RCA interfered with the subsequent labeling
of the 115D8 moiety by GAM/Au5 (control Protocol 3), and Protocol
6 was designed to determine whether PA/Au 10 reacted directly with
the IT and/or this incubation step interfered with the posterior staining
with GAM/Au5 (control Protocol 3).

Quantitative Analysis of Labeling on the Subcellular Compartments

Quantitative analysis on cryosections was restricted to the internali-
zation of ricin and to the internalization of IT after the staining by the
double labeling Protocol 4. For each experiment micrographs of at
least seven different positive cells randomly sampled were taken at a
primary magnification of 15,000. The positives were enlarged 2'/2 times.

The surface area of nucleus, vacuoles, lysosomes, and cytosol was
examined through a transparent paper with lattice according to Weibel
et al. (14). The labeling density was expressed as the number of gold
particles per firn2.

RESULTS

An IT was prepared by coupling MoAb 115D8 to ricin A
chain. The properties of the IT were tested by binding it to the
cell surface and by determining the inhibition of protein syn
thesis. Subsequently we have compared the intracellular routing
of the IT with the internalization of 115D8 and ricin separately.

Binding and Cytotoxic Properties of the Immunotoxin. The
binding of MoAb 115D8 and of a nonspecific MoAb, 115H10,
to T47D cells was tested using an indirect immunofluorescence
assay. The reactivity was analyzed with the fluorescence-acti
vated cell sorter. Cells were heterogenously stained with 115D8
(Fig. 1, inset), and approximately 70% of the cells was positive.
The reactivity of the 115D8-IT and 115H10-IT with T47D
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Fig. 1. Binding of MoAbs and ITs to target cells. T47D cells were incubated
for 90 min at 4"C with excess MoAb or IT. Unbound antibodies were removed,
and the cells were incubated for 45 min at 4'C with an optimal concentration of
fluorescein-conjugated anti-mouse IgG. After washing, cells were analyzed on a
FACS IV cell sorter. The specific fluorescence activity is expressed as the
percentage of positive cells. In the inset, the fluorescence intensity was plotted
versus the cell number to demonstrate the heterogeneity of expression of the
USDS epitope in these cells. Antibody 115H10 was used as control.
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cells was analyzed in the same way, and cell sorter analysis
showed that the ITs had the same binding capacity as the
unconjugated MoAbs (Fig. 1). The cytotoxic activity of USDS-
IT in the presence of 10~7 M monensin was determined by

measuring the inhibition of protein synthesis of T47D cells.
The nonspecific 115H10-IT was used as a negative control. The
results are shown in Fig. 2. 115D8-IT in the presence of
monensin is about 20 times more toxic than free ricin A chain,
while the nonspecific IT showed almost no cytotoxicity. When
monensin is replaced by 10 mM ammonium chloride the same
results were obtained, while no significant difference with free
A chain toxicity was seen with or without the use of these
potentiators (data not shown).

Intracellular Routing of 115D8. The internalizaron of 115D8
was studied by preembedding IBM, i.e., incubation of T47D
cells with 115D8, followed by incubation with PA/Au5 and
embedding in Epon/Araldite to retain optimal morphology.
Postembedding IBM was carried out as a control to show that
the internalization of 115D8 observed with the preembedding
technique was not an artifact due to the second incubation with
PA/Au5. With pre- and postembedding procedures, essentially
the same results were obtained. After incubation of T47D cells
with 115D8 and PA/Au5 at 4Â°C,a majority of the cells were

labeled. In the positive cells the intensity of the staining was
heterogeneous, as was already seen in the immunofluorescence
assay (Fig. 1). Label was distributed in short patches on the
membrane at the apical side of the cell (Fig. 3a) and on
membranes lining intercellular lumina. After incubation at 37Â°C

for 5, 15, and 30 min the label at the cell surface became
increasingly concentrated in patches and formed a thick coat
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Fig. 2. Cytotoxic activity of anti-MAM-6 ITs. T47D cells were incubated for
20 h at 37"C with increasing concentrations of ricin, IT, or free A chain in the
presence of IO"7 M monensin. The cytotoxicity was determined by subsequent
incubation with [14C]leucine for 4 h. The uptake of radioactivity into the cells is
expressed as the percentage of [MC]leucine incorporation relative to controls.
Points, mean of four assays; bars, SE. â€¢,ricin; x, ricin A chain; A, 1ISHlO-ricin
A chain; â€¢,115D8-ricin A chain.
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Fig. 3. T47D cells were incubated with
MoAb 115D8 and PA/Au at 4'C (Fig. 3a),
followed by incubation at 37'C for 30 min
(Fig. 3, b to d), and embedded in Epon/Arald
ite. In a, extensive labeling (arrows) is observed
on the membrane at the apical side of the cell.
In b, the label is more concentrated in patches
(closed arrows) and formed a thick coat coin
cident with the electron-dense matrix of the
glycocalix (open arrows); c, internalization of
the labeling on the surface membrane at the
intercellular space (arrow) via a coated pit
(arrowhead). Labeled coated vesicles (arrow
heads) were observed in the cytoplasm. In d,
extensive labeling is shown of the vacuolar
portion (E) and the tubulovesicular portion
(arrows) of the endosom.il system. In these
vacuoles the label is still localized into an
electron-dense matrix, a, x 45,500; b,
x 37,500; c, X 75,000; d, x 45,000.
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coincident with the electron-dense matrix of the glycocalyx
(Fig. 3Â¿>).Internalization was observed which proceeded via
coated pits-coated vesicles and the vacuolar portion of the
endosomal system (Fig. 3, c and d). After 30-min incubation at
37Â°Canother pathway of internalization along with the one

described above became apparent. Fig. 4 shows that this second
type of internalization proceeded via large invaginations of the
labeled outer membrane, including microvilli, which formed
vesicles that apparently fused with lysosomes.

Intracellular Routing of Ricin. The distribution of ricin on the
cell membrane, receptor-mediated endocytosis, and intracellu-
lar routing have been extensively studied at the ultrastructural
level (2, 3, 15, 16). We reexamined the fate of surface-bound
ricin in order to compare it with the fate of 115D8 bound to
ricin A chain. For this purpose T47D cells were incubated with
ricin at 37Â°Cfor 2 h. Postembedding IEM revealed that all cells

were stained with the same intensity and that the whole cell
surface was labeled more or less continuously (Fig. 5b) except
in areas where two cells are in close apposition (Fig. 5a).
Endocytosis was extensive, and abundantly labeled vesicles were
found in the cells (Fig. 5, a and c). However, the large invagi
nations observed after incubation with 115D8 were not present.
In addition, label was found free in the cytosol (Fig, 5 a and c).
Table 2 summarizes labeling intensity of each cellular compart
ment. Addition of galactose during the incubation with ricin
completely prevented labeling, indicating the specificity of the
staining.

Fig. 4. T47D cells were incubated as in Fig. 3a followed by incubation at 37Â°C

for 2 h. Strong labeling was observed on the cell surface (arrows) lining the lumina
(L) and in large enclosed invaginations of the labeled outer membrane, including
microvilli (E) which apparently fused with lysosomes (fy). x 22,750.

E A
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Fig. 5. T47D cells were incubated with ricin at 37'C for 2 h. Frozen thin
sections were incubated with R anti-RCA and PA/Au. The cell surface is exten
sively labeled (b, closed arrows) except in areas between two cells in close
apposition (a, open arrows). In addition labeled endocytic vacuoles (E) and free
label in the cytosol between endocytic vacuoles and underneath the cell membrane
can be observed (arrowheads). Centriole (C). a, x 47,500; ft and c. x 95.000.

Intracellular Routing of 115D8 Bound to Ricin A Chain. For
this purpose the specificity of the simultaneous labeling of the
MoAb and A chain moiety of the IT was investigated. T47D
cells were incubated with IT at 37Â°Cfor 2 h, and frozen thin

sections were prepared. The labeling of the 115D8 and the ricin
A chain moieties of the IT was carried out separately (Protocols
1 and 2) and simultaneously (Protocols 3 and 4) as described
in "Materials and Methods." The 115D8 moiety was labeled

by Au5 and the A chain moiety by Au 10. The single labeling
procedure following Protocol 1 (GAM/Au5) designed to label
the 115D8 moiety and Protocol 2 (R anti-RCA-PA/AulO) to
label the A chain moiety showed that the intensity of the
labeling of the cell membrane and cytoplasmic vesicles was the
same in each procedure (Table 1). However, the labeling of the
cytosol was higher following Protocol 2 compared with Proto
col 1. Protocol 2 caused a slight background which was detected
as labeling of nucleus and mitochondria. The results of the
experiments according to Protocols 3 to 5 (Table 1) showed
that the simultaneous labeling following Protocol 4 of the
115D8 and A chain moieties had the same intensity as single
labeling of each moiety (Protocols 1 and 2). However, double
labeling according to Protocol 3 showed less staining with
GAM/Au5 than in Protocol 1. Comparison of the staining
performed according to Protocol 5, i.e., incubation with R anti-
RCA followed by incubation with GAM/Au5, with the staining
in Protocol 1 showed less reactivity using the former protocol.
These results indicate that the binding of R anti-RCA interfered
with the binding of GAM/Au5. This explains the decreased
staining by GAM/Au5 in Protocol 3 compared with Protocol
4. Finally, the results of staining following Protocol 6 (PA/
AulO-GAM/Au5), showing only labeling with Au5, demon
strated that PA/AulO did not react directly with 115D8. These
experiments indicate that the results of double labeling follow
ing Protocol 4 were specific.

The intracellular routing was followed by incubating T47D
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Table l T47D cells incubated with IT (results of staining of frozen thin sections)
The evaluation of reactions (+++, ++, +, Â±,-) of Experiment 1 is considered as the standard.

LabelingofProtocol"

11SD8 Achain1

(GAM/Au5) +
2 (Ranti-RCA-PA/AulO) - +
3 (Ranti-RCA-PA/AulO-GAM/Au5) +5 +'Â°
4 (GAM/Au5-Ranti-RCA-PA/AulO) +! +'Â°
5 (R anti-RCA-GAM/Au5) +
6 (PA/AulO-GAM/Au5) +5Staining

patternEndocytic

Cell surfacevesicles+++10,

++5 ++10; +5

+++5, -10 ++5^ _10Cytosol+Â±

++'Â°,Â±5Â±+5

_10Background'Â±

+10 _s

" The details of the protocols are described in "Materials and Methods.
b Measured as labeling of the nucleus and mitochondria.
5 Five-nm gold labeling
10Ten-nm gold labeling

cells with IT at 37"C for 2 h in the presence or absence of

monensin. 115D8 and ricin A chain were simultaneously
stained on frozen thin sections using the double labeling Pro
tocol 4. Qualitatively the IT distribution during the first steps
of internalization was similar to that of 115D8, and restricted
areas on the cell membrane and endocytic vesicles were strongly
labeled (Fig. 6). Moreover, staining was found in the cytosol
mainly underneath the cell membrane and in areas where la
beled vesicles were concentrated (Fig. 6). On the cell membrane,
in cytoplasmic vesicles and also in the cytosol (Fig. 6), both
gold labels were found to be associated. The presence of both
labels in the cytosol suggested that 115D8 and ricin A chain
were able to cross the membranes as intact IT.

The translocation of ricin and IT over the membrane of
endocytic vesicles into the cytosol was followed by a quantitative
analysis of the labeling in subcellular compartments. For this
purpose, the quantitative evaluation was restricted to the vacu
oles, lysosomes, and cytosol. The labeling density of the nucleus
was also calculated to estimate the background. However, the
labeling density of the surface membrane and the cytoplasmic
area within 400 nm of the plasma membrane was excluded.
The results are shown in Table 2. To calculate the labeling
density in the cytosol no distinction was made between high-
and low-stained areas as described above. Nevertheless the
overall labeling density after internalization of IT and ricin was
higher than the background. The density in the cytosol after
internalization of ricin was higher than after internalization of
IT. It was remarkable that, in the presence of monensin, the
labeling density was higher in vacuoles, whereas the labeling
density in lysosomes was lower.

DISCUSSION

The pathway of endocytosis via coated pits-coated vesicles
followed by transport to the lysosomes as observed for MoAb
115D8 after 5- to 30-min incubation at 37Â°Cis commonly

known as adsorptive endocytosis (for a review, see Ref. 17). In
this pathway a ligand is bound to the cell surface through either
specific (i.e., receptor, antigen) or nonspecific determinants.
After 30 min of incubation with 115D8, another pathway of
internalization was observed via large enclosed invaginations of
the highly labeled outer membrane, which apparently fused
with lysosomes. This type of endocytosis resembles phagocy
tosis, i.e., uptake of a solid particle (17). This pathway of
internalization may have been triggered by the formation of
antigen-antibody complex concentrated in patches after 30 min
of incubation.

Internalization of ricin by T47D cells occurred only through
adsorptive endocytosis. The extensive endocytosis as observed
in our experiments is due to the high number of surface recep
tors for the B chain subunit of ricin (glycoproteins and glyco-
lipids with terminal galactose). The release of ricin from endo-

V

Fig. 6. T47D cells were incubated with 115D8 bound to ricin A chain for 2 h
in the presence of monensin. Frozen thin sections were incubated with GAM/
AuS (labeling of 115D8) and with R anti-RCA and PA/Au 10 (labeling of ricin A
chain). Extensive labeling was observed on the cell surface in areas with abundant
microvilli (a, arrows) and in endocytic vesicles (b, E), comparable to the labeling
in Figs. 1 and 2. Label can be observed in the cytosol in areas with abundant
endocytic vesicles and underneath the cell membrane. Both labels (Au5, open
arrowheads, and Au 10, closed arrowheads) were found associated in the stained
areas, x 95,000.

cytic vesicles into the cytosol was similar as described by Ni-
colson et al. (3) after incubation of 3T3 fibroblasts with ferritin-
conjugated ricin. It is striking that, in more recent ultrastruc
tural studies concerning the internalization of ricin (2, 15, 16),
release from endocytic vesicles into the cytoplasm was not
mentioned.

In our study we have focused on the translocation of ricin
and IT over the membranes of the endocytic vesicles by using a
relatively sensitive technique to detect ricin molecules in the
cytosol, i.e., incubation of the cells with ricin or IT, followed
by postembedding IEM. Still, we were aware that with IBM the
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Table 2 Labeling density of subcellular compartments (gold particles Ipm?)

IT
IT + monensin
RicinNucleus10Â°

5*0.61

Â±0.3' -"

0.28 Â±0.1
1.6 Â±1.5Vacuoles103.2

Â±3.9
14.1 Â±9.5
9.3 Â±8.255.4

Â±10.2
16.6 Â±14.6Lysosomes1010.0

Â±7.9
8.3 Â±7.2

15.9Â± 12.8511.5

Â±13.4
3.7 Â±2.9Cytosol102.4

Â±1.93.2
Â±2.9

8.2 Â±l.l51.7

Â±1.2
2.2 Â±2.8

" Ten- nm gold labeling of A chain.
* Five-nm gold labeling of 115D8.
c Mean Â±SEM.
"*-, no labeling.

cells needed to be incubated with amounts of toxin-conjugate
that exceed the 50% lethal dose calculated from the protein
inhibition assay.

In the previously mentioned studies (2, 8, 15, 16) cells were
incubated with ricin or IT conjugated to markers that may
interfere with translocation through the membrane of endocytic
vesicles. Nevertheless, in three of these studies (2, 8, 16) the
authors were able to demonstrate by a protein inhibition assay
that ricin reached the ribosomes. The discrepancy between this
result and the morphological observations may be due to the
fact that the entry of a single ricin A chain molecule into the
cytosol is sufficient to inhibit protein synthesis (18). A low
number of A chain molecules in the cytosol may remain unde
tected. Alternatively, the relative large molecule which is
formed after conjugation of ricin to a marker may not be able
to pass the membrane of the endosomal system, while the
protein inhibition assay was carried out with unconjugated ricin.
When the cells were incubated with unconjugated ricin we could
detect ricin molecules in the cytosol with the postembedding
technique. This seems to confirm the results of Nicolson et al.
(3) with ferritin-labeled ricin.

The initial endocytosis of IT followed the same pathway as
described for internalization of 115D8. However, in contrast to
unconjugated 115D8, both moieties of the IT were found in the
cytosol. Translocation of IT into the cytosol may have been
potentiated by the ricin A chain containing two sizeable hydro-
phobic domains which are able to penetrate the membrane
bilayer (4, 5). Alternatively, antibody and toxin may become
uncoupled at an earlier stage and pass the endocytotic vesicle
membranes separately. However, this seems unlikely since we
never observed translocation into the cytosol of unconjugated
115D8. The fact that we never found labeling in the cytosol
with unconjugated 115D8 also argues against the possibility
that labeling of the cytosol found after incubation with the IT
is due to a leakage of the IT from the vesicles caused by
damaging the already fixed cells by scraping them from the
dishes. Addition of monensin enhances the cytotoxicity of the
IT. This is probably due to accumulation of the IT in endocy
totic vesicles and slowing down entry into lysosomes (7, 8),
increasing the possibility of the IT to translocate into the
cytosol. Indeed, we have found in the quantitative analysis of
labeling on the subcellular compartments after internalization
of IT that, in the presence of monensin, the labeling density in
vacuoles was higher, the density in lysosomes was lower, and
probably more ricin A chain is present in the cytosol. The
kinetics of the cytotoxicity of the IT is slower than that of
complete ricin in the protein synthesis inhibition assay, and we
found also higher labeling density in the cytosol with ricin than
with IT. This may be due to a difference in number and
distribution of epitopes for 115D8 and ricin receptor sites on
the surface of T47D cells. Alternatively, the attached MoAb
may reduce the cytotoxicity of the ricin A chain.

Our study shows for the first time the complete intracellular
pathway of an antibody-ricin A chain conjugate including the

translocation of the A toxin subunit into the cytosol. Antibodies
directed to MAM-6 may be efficient carriers of toxins. Such

immunotoxins may be useful for therapy of those tumors which
express a high level of MAM-6 on the cell surface.
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