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Deletion of Neoplastic B Cells by 
Immunotoxins Containing 
Ricin A Chains * 

Jonathan W. Uhr, M.D. 
EI/en S. Vitetta, M.D. 

Immunotoxins represent a new 
family of potentially useful rea
gents for scientists and clinicians. 
The term, immunotoxin, is used to 
designate a hybrid molecule: one 
portion is a toxic moiety and the 
other is either an antibody or an 
antigen. The purpose of using im
munotoxins is to delete subsets of 
target cells that possess an antigen 
(or antibody) that will react speci
fically with the immunotoxin but 
not to delete bystander cells that 
lack the surface marker in ques
tion. 1 In this article, we will discuss 
recent experimental studies with 
immunotoxjns and their implica
tions with regard to problems in 
oncology . 

During the last 10 years, there 
have been many attempts to apply 
this concept to the elimination of 
neoplastic and other target cells. 
One such toxin, ricin, like most to
xic proteins produced by bacteria 
and plants, has a toxic polypeptide 
(A chain) attached to a cell binding 
polypeptide (B chain).2 The B 
chain is a lectin that binds to galac
tose-containing glycoproteins or 
glycolipids on the cell surface. The 
presumed series of events that take 
place during intoxication of a cell 
by ricin are : ~ I) binding of the 

toxin to the cell surface; 2) endocy
tosis; 3) translocation of the A 
chain across the endocytic mem
brane; and 4) inactivation of 
protein sy nthesis. The precise 
molecular and subcellular events 
underlying endocytosis and translo
cation are not known. There is 
evidence that the B chain can also 
facilitate the translocation of the A 
chain through the membrane of the 
endocytic vesicle, possibly by 
forming a pore.4

-
7 In the cyto

plasm, the A chain of ricin inhibits 
protein synthesis by enzymatically 
inactivating the EF-2 binding por
tion of the 60S ribosomal subunit. 
It is thought that one molecule of 
A chain in the cytoplasm of a sus
ceptible cell can kill it.3 

The A and B chains of ricin can 
be separated , purified and covalent
ly linked to antibodies derivatized 
with the thiol-containing cross-lin
ker, SPDP. In the case of A chain 
containing immunotoxins, the anti
body portion substitutes for the 
lectin portion (B chain) thus allow
ing the specific targeting of the 
toxic A chain to the relevant tar
get cells. 

We have used a murine B cell 
leukaemia (BCL I ) as our experi
mental model. This mouse disease 

bears a Close resem blance to the 
prolymphocytic form of chronic 
lymphocytic leukaemia in the 
human, i.e., splenomegaly and 
severe leukaemia.8 

,9 Injection of one 
BCL, cell into a normal BALB/c 
mouse results in leukaemia in ap
proximately one-half of the reci
pients 12 weeks later. lo Tumour 
bearing mice usually survive for 3-4 
months after receiving lOs - 106 

tumour cells. The BCL, tumour 
cells bear large amounts of cell sur
face IgMX and traces of IgDX, both 
of which have the same idiotype. 

IN VITRO USE OF 

IMMUNOTOXINS 


In initial .experiments, immune
toxins containing anti-idiotypic an
tibody directed against the tumour
derivep Ig were incubated with po
pulations of BCL, tumour cells and 
control cells. The specific immune
toxin decreased protein synthesis in 
the populations containing tumour 
ce1ls by 70-80%; the percentage of 
tumour cells in these populations 
was also 70-80%. Control immuno
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Fig. ]10,11 Effect of anti-Id-A chain on 
protein synthesis in BCL I cells, normal 
BALB/c splenocytes , ASL-I tumour 
cells, and crn tumour cells. Anti-Id-A 
chain was used at 0.2 pg/ml. The CHI 
cells express IgMA on their surface but 
lack the BCL I idiotype. I!i, anti-Id-A 
chain; D, NRIg-A chain. 

toxins containing irrelevant anti
bodies had no effect on BCL I cells 
nor did specific immunotoxins have 
an effect on normal splenocytes, on 
T cell tumours, or on another B cell 
tumour bearing a different idiotype 
(Fig. I). Anti-idiotype antibody by 
itself did not affect protein synthe
sis in BCL I cells. These results in
dicate that immunotoxin-mediated 
killing of neoplastic B cells in a 
mixed population is specific." 

Similar studies were performed 
using a tumour infiltrated bone mar
row l2 (containing 15% BCL I cells) 
because of the clinical implications 
of removing tumour cells from mar
row, In addition, it was possible to 
evaluate the nonspecific killing of 
stem cells by adoptively transfer
ring the treated cells into lethally 
irradiated recipients. In these stu
dies, anti-Ig immunotoxin was used 
since, the only requirement for the 
specificty of the immunotoxin was 
that it kill all the tumour cells but 
not the stem cells. Thus, it was 
possible to use a polyvalent anti
body against Ig rather than an anti
idiotypic antibody. The results of 
these experiments (Fig . 2) indicate 
that I) the haematopoietic system 
of all the animals was reconstituted 
because all lethally irradiated mice 

100 

fi1iI No Rx'E 
0 

DRAMlg...: '" ::J I2ZI RAMlg +C' 
..!! c:J RAOVA -A 

• RAMIg-A-E 
' j 

<> '" 'E - 20
0 

~ 
0 

12 21 25 
Weeks post marrow transfer 

2 15Fig. Adoptive transfer into lethally 
irradiated recipients of BCL I -containing 
bone marrow cells treated with rabbit 
antibody (Ab) to mouse Ig conjugated 
with A chain. Bone marrow cells con
taining 10 to 15 percent tumour cells 
were injected into groups of 20 mice at 
10 6 marrow cells per mouse . Every two 
weeks after adoptive transfer the mice 
were examined for leukaemia. At 25 
weeks , all surviving mice were killed and 
106 spleen cells were adoptively trans
ferred into normal recipients. The 
spleen cells from one of the mice caused 
a tumour in these recipients 10 weeks 
later. Thus, this mouse is scored as 
leukaemic at 25 weeks. 

survived . 2) 15 of 20 mice treated 
with tumour reactive immunotoxin 
did not develop tumour over a 
period of 25 weeks of observation. 
Of the 5 animals that relapsed, all 
had idiotype positive cells that 
were susceptible to the in vitro 
lethal effect of anti-Ig con taining 
immunotoxins. Hence, no evidence 
was obtained for the emergence of 
an immunotoxin-resistant variant. 
Rather, the results of immunotoxin 
treatment in these studies was con
sistent with the survival of I cell 
per I x I 0 6 cells injected. Results 
similar to ours have been obtained 
by Thorpe et al 13 using antibody
ricin conjugates in the presence of 
lactose to delete tumour cells from 
rat bone marrow. Furthermore, 
we have recently extended this 
approach to the removal of neoplas
tic B cells from human bone 
marrow and demonstrated that the 
tumour cells are killed but that the 
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IN VIVO USE OF 

IMMUNOTOXINS IS 


For these experiments, mice 
bearing massive tumour burdens 
(20% of body weight or approxi
rna tely 10 10 tumour cells) were 
employed . The strategy was to re
duce the tumour burden by at least 
95% using nonspecific cytoreduc
hon and to elimina te the remain
ing tumour cells with immunoto
xins directed against either the idio
type or the o chain of sIgO on the 
BCL I cells. The rationale for using 
anti-o is that sIgO is present on a 
large proportion of B cell tumours 
and , therefore, would present a 
more practical reagent for clinical 
therapy . Furthermore, after cyto
reductive therapy, there are virtual
ly no sIgO-positive normal B cells 
or serum IgO to bind the immuno
toxin. Norma:l B cells can also be 
regenera ted from sIgO- cells. In 
these experiments, nonspecific 
cytoreduction was accomplished 
with a combination of splenectomy 
and fractionated total lymphoid 
irradiation (TLI). Animals receiv
ing no further treatment other than 
TLI and splenectomy were dead 
within 8 weeks (Fig. 3). The in
jection of these cytoreduced mice 
with control immunotoxins or anti
body alone did not prolong their 
survival. In contrast, animals re
ceiving anti-o immunotoxins ap
peared disease-free as judged by the 
absence of detectable idiotype-posi
tive cells 12 to 18 weeks later in 3 
of 4 experiments. In one expe'ri
ment , treated mice relapsed at 8-10 
weeks after immunotoxin therapy. 
It should also be noted that 14 
weeks after such immunotoxin 
treatment , mice in remission had 
normal or above normal levels of 
sIgO-bearing B lymphocytes. 
Hence , stem cells , pre-B cells or 
slgO- lymphocytes had fully re
stored the virgin B cell compart
ment. 

These results suggest that I) 
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Fig. 3 12 Effect of TLI, splenectomy, and 
administration of immunotoxin on leu
kaemic relapse of BCL I -bearing mice. 
After nine doses of TLI and splenec
tomy, mice were injected with two 
doses of 20 J.Lg of anti-a or control im
munotoxin or were not injected. There 
were nine mice per group. Leukaemic re
lapse was monitored by determining the 
number of white cells in the blood of 
the treated mice. The control mice 
were all dead at 7 wk after TLI. The 
rabbit anti-mouse a-A chain-treated 
group was monitored for a period of 14 
wk post-TLI, at which point the experi
ment was terminated. 

either remammg tumour cells had 
been eradicated in the animals that 
appeared tumour-free or that some 
viable tumour cells remained but 
were "held in check" by host re
sistance mechanisms. 2) Immunoto
xin to a nonnal tissue component, 
in this case sIgD, can be used to 
render animals disease-free and the 
host can survive the effects of such 

~ 	cross-reactivity and can reconstitute 
the B cell compartment. To deter
mine whether the animals were dis
ease-free, tissues were then trans
ferred from disease-free animals 25 
weeks after treatments. All animals 
adoptively transferred tumour into 
nonnal mice indicating that the 
animals were not tumour-free and 
suggesting that host resistance had 
developed. 

The partial success of these ex
periments was probably due to the 
fact that nonspecific cytoreduction 

.~ was successful in reducing the num
ber of remaining tumour cells to a 

level which could be effectively kill
ed by a non-lethal dose of the im
munotoxin. In addition, the im
munotoxins in this instance did not 
kill all the remaining tumour cells 
yet prolonged remissions occurred . 
Presumably, the remaining viable 

. . I 

tumour cells dld not produce pro
gressive disease because of a tumour
specific immune response. 

USE OF B CHAIN-CONTAINING 

IMMUNOTOXINS TO 


POTENTIATE THE SPECIFIC 

TOXICITY OF A CHAlN


CONT AlNING IMMUNOTOXINS 


It is known that in many cases 
ricin conjugates are significantly 
more toxic than antibody-A chain 
conjugates.4

-
7 In addition, free B 

chains can synergise in vitro with A 
chain-containing immunotoxins in 
specifically killing target cells. s It 
is postulated, therefore, that the 
greater toxicity of ricin-containing 
immunotoxins as compared to A 
chain-containing immunotoxins is 
due to the ability of the B chain to 
facilitate the entry of A chain into 
the cytoplasm. 5 It would be desir
able to develop a strategy in which 
the putative transport role of the 
B chain could be preserved while 
eliminating or mini..mising its func
tion as a lectin. We have recently 
described a new approach to 
accomplish this objective. The idea: 
is to add to the incubation mixture 
B chain-containing immunotoxins. 
These are made using the same pro
cedure for generating A chain-con
taining immunotoxins. Thus, using 
the two immunotoxins, the two 
subunits of the ricin toxin could 
thereby be delivered independently 
to the same target cell. 

As seen in the upper panel of 
Figure 4/6 when Daudi cells were 
treated with either a low dose of 
rabbit anti-human Ig-A chain 
(RaHIg-A) or different doses of 
rabbit anti-human Ig-B chain 
(RaHIg-B), no toxicity was observ
ed. However, when the RaHIg-A 
was .mixed with various concentra
tions of RaHIg-B there was signifi

2..6 1.3 0.3 0.05 0 .03 
j.L9 Ra OVA-B 

4 16Fig. The use of mixtures of A chain 
and B chain containing immunotoxins 
to kill Daudi cells in vitro. Daudi cells 
were cultured with a nontoxic con
centration of either RaHIg-A 0, or non
toxic doses of either RaHIg-B (upper 
panel) i!i, or RaOVA-B (lower panel) iii. 

The solid bar .. represent mixtures of the 
single dose of the RaHIg-A plus diffe
ren t concentrations of either RaHIg-B 
(upper panel), or RaOVA-B (lower 
panel). Cells were treated with immu
notoxin for 15 minutes at 4·C, washed, 
and cultured for 16 hours at 37·C in 
medium containing immunotoxin. Cells 
were labeled for 4 hours with 3H-leucine 
and harvested. The controls were not 
treated with immunotoxins but were in
cubated and labeled in the same man
ner. 

cant cytotoxicity. It is of interest 
that this treatment of the Daudi 
cells with the mixture of immuno
toxins was perfonned in medium 
lacking galactose. As shown in the 
bottom panel of Figure 4, when 
Daudi cells were treated with a low 
dose of RaHIg-A, a variety of doses 
of rabbit anti-ovalbumin-B 
(RaOVA-B) or mixtures of the two, 
no toxicity was observed except at 
the highest dose of the RaOV A-B. 
These results indicate that the tar
get cell specificity of the antibody 
combining site of the immunotoxin 
is essential for synergy. 

A second approach with poten
tial advantages for in vivo applica
tion would be to attach a univalent 
fragment of the cell-binding anti
body to the A chain and an anti-an
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tibody to the B chain. The univa
lent A chain-containing immuno
toxin should remain on the target 
cell for an extended period of time 
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Fig. GARIg-B potentiates the killing 
of Daudi cells treated with (Fab') frag
ments of RaHlg-A (upper panel). Three 
treatment protocols were used: (a) cells 
(lxlOs /well) were treated for 15 min at 
4·C in balanced salt solution (BSS) con
taining (FaD) fragments of RaHlg-A 
(7 .2x I O-~). Cells were washed and 
then treated for 15 min at 4°C 0; (b) 
cells were treated for 15 min at 4·C )'lith 
BSS, washed and treated with BSS con
taining different concentrations of 
GARlg-B (l11g/ml = 4xIO-~ immuno
toxin) PZ.l; (c) cells were treated with BSS 
containing 7 .2x 1 O-~ (FaD) RaHlg-A, 
washed and treated for 15 min at 4·C in 
BSS containing different concentrations 
of GARlg-B • Control cultures were 
treated with BSS in both steps. Cells 
were then washed, cultured for an addi
tional 22 hrs and labeled for 6 hrs with 
3 H-Ieucine. Cells were harvested, count
ed and the leucine incorporation was 
compared to that of the control cells. 
Middle panel : Cells were treated as 
described in the upper panel except that 
the GARIg was not attached to B chain. 
Lower panel: Cells were treated as 
described in the upper panel except the 
GARIg plus 1% free B chain were used 
instead of GARIg-B. 

and the anti-antibody immunoto
xin-B could be administered several 
hours later. Only cells coated with 
thp. A chain-containing immunoto
xin that bind the B chain containing 
immunotoxin should be killed . As 
shown in the upper panel of Figure 
5,17 the secondary antibody 
(GaRIg) coupled to B chain 
(GaRIg-B) potentiates the ability 
of (Fa!)) fragments of RaHIg-A 
to kill Daudi cells. The use of sec
ondary antibody alone (middle 
panel) or the antibody mixed with 
the maximal amounts of free B 
chain estimated to be present in the 
affinity purified conjugate does not 
potentiate the cytotoxic activity of 
the (Fab') fragments of RaHIg-A. 
Other results l7 have demonstrated 
that the (Fab') fragments of Ra.HIg
A will remain.. on the cell surface for 
a period of up to five hours and that 
the GaRlg-B will potentiate the 
killing of the immunotoxin-A 
chain-coated cells during this time. 
Since (Fab') fragments should not 
bind to Fe receptors on non-target 
tissue and should have a relatively 
short serum half-life, this approach 
may be feasible for in vivo use. 

The subcellular events that are 
responsible for synergy between im
munotoxin-A and immunotoxin-B 
are not known. One possibility is 
that a portion of the two immuno
toxins that bind to the same target 
ceU are endocytosed together and 
are present in the same endosome. 
Therein, interchain disulphide bonds 
may be split and free A and B 
chains released in the endocytic 
vesicle. The B chain would then 
facilitate translocation of the A 
chain into the cytoplasm with re
sultant cell death. These results 
represent a new strategy for utilis
ing the potential toxic property of 
the A chain and the transloca ting 
ability of the B chain in a manner 
which retains the specific toxicity 
conferred by the antibody 

ACKNOWLEDGEMENTS 

We thank our colleagues, Drs. 
Krolick, Villemez, Isakson, Fulton 

UHR AND VITEnA 

and Cushley who collaborated with 
us on these studies, our techni
cians, Ms. C. Bockhold, Mr. Y. 
Chinn, Ms. K. Gonnan, Ms . R. Bay
lis, Mr. 1. Hudson, Ms. F . LaMon
tagne, Ms. L. Trahan and Mr. T . 
Tucker, and Ms. D. Tucker and Ms. 
G. A. Cheek for secretarial as
sistance. These studies were sup
ported by CA-28 149 from the NIH. 

REFERENCES 

1. 	 Hirnmelweit F. In: Himmelweit F, ed, The 

collected papers of Paul Ehrlich. Vol. 3. 

New York : Pergamon Press 1960. 


2. 	 Olsnes S, Pihl A.. Different biological pro

perties 0 f the two constituen t peptide 

chains of ricin, a toxic protein inhibiting 

protein synthesis. Biochemistry 1973; 12: 

3121-6. 


3_ 	 Olsnes S, Pihl A. Chimeric toxins. In: 

Drews j, Dorner F, eds, Phannac. Ther. 

Vol. 15, Oxford: Pergamon Press, 1982 : 

355-81. 


4. 	 jansen FK, Blythman HE, Carriere D, et 

al. Immunotoxins: Hybrid molecules 

combining high specificity and potent 

cytotoxicity. Irnmunol Rev 1982; 62: 

185-216. 


5. 	 Neville Jr. DM, Youle RJ. Monoclonal an

tibody-ricin or ricin A chain hybrids: 

Kinetic analysis of cell killing for tumor 

therapy. Immunol Rev 1982;62:75-91. 


6. 	 Thorpe PE, Ross, WCJ. The preparation 

and cytotoxic properties of antibody-toxin 

conjugates. Immunol Rev 1982; 62: 119
58. 

7. 	 Houston LL Transport of ricin A chain 

after prior treatment of mouse leukemia 

cells with ricin B chain. j Bioi Chern 

1977; 257: 1532-9. 


8_ 	 Slavin S, Strober S_ Spontaneous murine 

B cell leukemia. Nature 1977; 272:624-6. 


9. 	 Muirhead Mj, Holbert MH, Uhr jW, Vitet

ta ES_ BCLI, a murine model of prolym

phocytic leukemia. II. Morphology and 

ultrastructure. Amer j Pathol 1981; 105: 

306-15. 


10. 	 Vitetta ES, Krolick KA, Uhr jW. Neoplas
tic B cells as targets for antibody-ricin A ~ 
chain. Immunol Rev 1982;62:159-83. 

DEI 

11. 

12. 

It 



127 DELETION OF NEOPLASTIC B CELLS BY IMMUNOTOXINS 

11. 	 Krolick KA, Villemez e, Isakson P, et al. leukemic rat bone marrow using an anti ment of cancer. Nature 1982; 295 :604-5. 
Selective killing of nonnal or neoplastic body-ricin conjugate. Nature 1982; 297: 16. Vitetta ES, eushley W, Uhr jW. Synergy 
B cells by antibodies coupled to the A 59H;. of ricin A chain-containing immunotoxins 
chain of ricin. Proc Natl Acad Sci USA 14. Muirhead Mj, Martin Pj, Torok-Storb B, and ricin B chain-containing immunoto
1980; 77:5419-23. et al. Use of an antibody-ricin A chain xins in the in vitro killing of neoplastic 

12. 	 Krolick KA, Uhr jW, Slavin S, Vitetta ES. conjugate to delete neoplastic B cells from human B cells. Proc Natl Acad Sci USA 
In vivo therapy of a murine B cell tumor human bone marrow. Blood 1983; 62: 1983;80:6332-5. 
(BeLl) using antibody·ricin A chain im 327·32. 17. Vitetta ES, Fulton RJ, Uhr jW. The q'to
munotoxins. j Exp Med 1982; 155: 1797- 15. Krolick KA, Uhr jW, Vitetta ES. Selective toxicity of a cell-reactive ricin A chain
809. 	 killing of leukemia cells by antibody-toxin containing irnmunotoxin is potentiated by 

13. 	 Thorpe PE, Mason OW, Brown ANF. conjugates: Implications for autologous a ricin B chain-containing irnmunotoxin. 

Selective killing of malignant cells in a bone marrow transplantation in the treat- j Exp Med 1984; in press. 

, \t 


