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S u mmary .  Two IgE-producing hybridomas were estab- 
lished from spleen cells of Balb/c mice, which had been 
immunized with mouse mammary tumor virus (MMTV). 
These IgE monoclonal antibodies (mAbs) reacted specifi- 
cally with the major envelope glycoprotein (gp36) of 
MMTV, as established by the immunoblot assay and by 
passive cutaneous anaphylaxis. The effect of the IgE mAbs 
(produced by clone A8) on the growth of the MMTV- 
secreting mammary adenocarcinoma H2712 was investi- 
gated in syngeneic C3H/HeJ mice. The mice were inocu- 
lated s.c. with either 105 (=100x LDs0) or 106 
(=1000 x LDs0) tumor cells and received repeated i.p. in- 
jections of 25 gg anti-gp36 IgE mAbs at 4-day intervals for 
8 weeks. This treatment prevented the development of sub- 
cutaneous tumors in 50% of the animals. Similar protection 
was observed when the tumor cells (105/animal) were in- 
jected i.p. 4 days prior to the beginning of the i.p. treat- 
ment consisting of injections of 25 gg mAbs at 4-day inter- 
vals for 6 weeks. However, these mAbs did not protect 
C3H/HeJ mice against the MMTV-negative MA 16/c carci- 
noma cells. Hence, these results support the view that 
IgE-mediated cytotoxic mechanisms may play an immuno- 
logically specific antitumor surveillance role and that labo- 
ratory-induced antitumor IgE mAbs have the potential of 
specific therapeutic agents for in vivo destruction of tumor 
cells. 
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Introduct ion 

A number of epidemiological studies suggest that cancer is 
less frequent in individuals suffering from allergies and 
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that, conversely, the frequency of allergic diseases in 
cancer patients is lower than in the general population 
[1, 19, 39, 40]. However, other studies failed to support 
this inverse relationship between atopy and cancer [9, 35]. 
Using the skin window technique, it was shown that cancer 
patients reacted to their autologous tumors by infiltration 
of basophils [6, 7]. Lower blood histamine levels were 
found in cancer patients than in healthy controls, and a 
sudden decrease was observed during cancer progression 
or metastasis [13]. 

Several laboratories reported a depressed IgE serum 
level in cancer patients [2, 3, 26]; this finding was, how- 
ever, not supported in another laboratory [49]. In 8 cancer 
patients a wheel-and-flare reaction was elicited 15-  20 min 
after the intradermal injection of the extract of each 
patient's own tumor, which did not occur on injection of 
the patient's normal tissue extracts. Moreover, the wheal- 
and-flare reaction could be transferred to healthy volun- 
teers by the Prausnitz-Küstner test, in which the patient's 
serum was first injected intradermally and the tumor ex- 
tract was injected into the same site 24 h later [22]. Tumor- 
reactive IgE antibodies were also demonstrated in this lab- 
oratory by an appropriate "double-antibody" test in ap- 
proximately one-third of patients with colon cancer [5]; 
these lgE antibodies decreased or disappeared 8 - 1 3  days 
after surgical removal of the tumor. 

The tissue histamine level was found to be higher in 
tumor-bearing mice and rats than in normal animals and it 
was shown to depend on the presence of the tumor and not 
on the number of mast cells within the tumor tissue 
[10, 43]. 

There was a wide variation in the mast cell content of 
chemically induced syngeneic fibrosarcomas in rats; the 
primary tumors were found to be heavily infiltrated with 
mast cells, whereas transplanted tumors showed little or no 
infiltration. Burtin et al. [14] showed that the tissue 
histamine level was low in genetically selected, mast-cell- 
deficient W/Wv mice, and that all these mice developed 
full-blown tumors on receiving the transplantable fibrosar- 
coma MC-B6-1 or the 3LL Lewis lung carcinoma. By 
contrast, in normal littermates of the same mouse strain 
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(+/+ genotype) having a normal  tissue his tamine level, the 
incidence of development  of these tumors was markedly 
lower, i.e., 1 out of 13 animals succumbed to the trans- 
planted sarcoma. The related, partially mast-cell-deficient  
Wv/+ mice had an intermediate tissue his tamine level, and 
the incidence of tumors was 50%. Moreover,  Burt in et al. 
[11, 12] showed that a significant inhibi t ion of methyl-  
cholanthrene- induced fibrosarcomas was achieved in both 
C3H and C57/B1 mice, i.e., in strains having a normal  
mast  cell level. 

The product ion of tumor-reactive IgE antibodies has 
been described in several animal systems [4, 8, 47]. Likhite 
et al. [33] showed that mammary  adenocarcinomas under- 
went  a rapid and permanent  rejection, if the tumor cells 
were injected s. c. into DBA2 mice in the form of a mixture 
with kil led B. pertussis organisms, which are known  to 
stimulate IgE production. The histological sections of re- 
gressing tumors were shown to be infiltrated by lympho- 
cytes, mast  cells and macrophages. Lynch et al. [37] in- 
duced local anaphylactic reactions in MCC-3 fibrosar- 
comas of C3H mice, which resulted in accelerated rejec- 
tion of the tumors. 

Although these observations may be interpreted to indi-  
cate that IgE-mediated immune  mechanisms may be in- 
voled in the host ' s  resistance to tumors, the evidence in 
support of this hypothesis is by no means conclusive.  We 
believe that this strategy for tumor destruction has not been 
fully explored because of technical difficulties encountered 
in the past, i.e. (a) identification and synthesis of tumor- 
specific antigens in sufficient amounts,  and (b) production 
of IgE antibodies against these antigens in adequate quan- 
tities. Both these technical hurdles may now be overcome 
by the use of the recombinant  DNA and hybr idoma tech- 
nologies. One may even visualize the use of "humanized"  
anti- tumor IgE antibodies and other similar Fce-conta ining 
constructs, which can be produced by genetic engineering 
[29, 30]. 

With a view to testing the above hypothesis, we have 
produced in this exploratory study murine  IgE mAbs  spe- 
cific for orte of the major  envelope glycoproteins (gp36) of 
the mur ine  mammary  tumor virus (MMTV).  The results to 
be reported below demonstrate that these antibodies were 
able to protect in an immunologica l ly  specific manner  a 
significant number  of mice against a lethal dose of H2712 
carcinoma cells carrying the MMTV.  Hence, it is sug- 
gested that the possibili ty of arresting tumor growth by 
cytotoxic mechanism(s)  mediated by IgE mAbs  to markers 
of tumor cells deserves further experimental  exploration. 

Materials and methods 

Animals. Balb/c mice, 6-8  weeks old, were obtained from the animal 
breeding facility of the University of Manitoba. Inbred C3H/HeJ female 
mice weighing 20-25 g were purchased from the Jackson Laboratory, 
Bar Harbor, Me. All animals were housed in plastic cages in a tempera- 
ture- and humidity-controlled room, provided with 12 h light/12 h dark 
cycles; their food consisted of Wayne's Laboratory blocks, with a 6% fat 
content (Chicago, Ill.) and water ad libitum. 

Tumors. The two mammary adenocarcinomas, H2712 and MAI6/c, 
transplantable in C3H/HeJ mice, were obtained from the National Cancer 

Institute, Frederick Cancer Research Facility, Frederick, Md. The H2712 
carcinoma is MMTV-positive, whereas the MA 16/C tumor is virus-free. 
For the preparation of cell suspensions, tumor chunks were digested in 
Spinner Eagle salt solution (Gibco, 310-4230) containing 2.5% trypsin 
(Gibco, 610-5095). The cells were then suspended in RPMI-1640 tissue- 
culture medium, supplemented with sodium bicarbonate (2.0 g/l), non- 
essential amino acids, glutamine, vitamins (Gibco, each at 10 ml/1) and 
10% fetal calf serum. Cell viability was determined by a trypan blue 
exclusion test. Graded numbers of tumor cells were injected into synge- 
neic recipients either s. c. or i. p., with or without additional treatment. 

Virus and myeloma cells. The MMTV (lot 7.245) was obtained from the 
Biological Carcinogenesis Branch, National Cancer Institute, Bethesda, 
Md. USA. The P3 x 20 myeloma cells used for the generation of the 
hybridomas were originally donated by Dr. M. Leon, Wayne Stare Uni- 
versity, Detroit, Mich.; these cells were kept in liquid N2 and were 
revived for each fusion. 

lmmunization of mice. The virus was disrupted by freezing (in a -20°C 
freezer) and thawing (in a 37°C incubator) three times [18]. For the 
production of IgE antibodies Balb/c mice were injected i. p. repeatedly at 
monthly intervals with 1-10 gg killed MMTV adsorbed onto 1 mg 
AI(OH)3 gel in 0.5 ml phosphate-buffered saline (PBS). The mice were 
bled 7 days after each injection and their sera were tested for the produc- 
tion of IgE antibodies by the enzyme-linked immunoassay (ELISA), as 
described below. After the third bleeding two mice were selected, 
boosted 10 days after testing and their spleen cells were used 5 days later 
for fusion with P3 x 20 myeloma teils. 

Cell hybridization. Fusions were performed according to a modification 
of the procedure originally described by Galfre and Milstein [20]. For 
each fusion 107 P3 x 20 myeloma cells were mixed with 107 spleen 
lymphocytes and pelleted by centrifugation at 1000 rpm for 5 min. The 
pellet was then suspended in 1 ml prewarmed RPMI-1640 containing 
50% (w/v) of polyethyleneglycol (M 4000; Merck, Darmstadt, FRG). 
The suspension was shaken continuously for 1 min at 37 ° C, diluted 
thereafter by dropwise addition of 1 ml RPMI-1640 medium during 
1 min, and finally 10 ml RPMI-1640 was added with continuous shaking 
over a period of 5 min. The suspension was then centrifuged at 1000 rpm 
for 5 min at room temperature. The cell pellet was resuspended to a final 
concentration of 2 x 10 » cells/ml in complete medium (CM-HAT) con- 
sisting of RPMI-1640, 20% fetal bovine serum, 51ag/tal insulin, 500 gM 
sodium pyruvate, 50 iU/ml penicillin, 50 gg/tal streptomycin, 10 mM 
hypoxanthine (Sigma), 40 laM aminopterin (Sigma), 1.6 mM thymidine 
(Sigma). To each weil of 24-well tissue-culture Costar plates, containing 
ä feeder layer of 1 x l0 s mouse peritoneal cells in 1 ml CM-HAT, was 
added 1 ml cell suspension. The snpernatants were screened for MMTV- 
specific antibody after 14 days by ELISA. 

Enzyme-linked immunoassay. The ELISA was performed according to 
Shoenfeld et al. [45]; volumes of 100 gl of the different reagents were 
used in all the steps and three washings of PBS containing 0.5% Tween- 
20 were performed between successive steps. Immulon 2 micro-ELISA 
plates, with 96 flat-bottom wells (Gibco) were incubated overnight at 
4 ° C with 5 gg/ml killed MMTV in 0.05 M bicarbonate buffer (pH 9.6). 
To block uncoated sites of the wells, the wells were treated with a 1% 
solution of gelatine in PBS at 37 ° C for 2 h. The sera of mice immunized 
with MMTV, or the supernatants of cell fusions expected to contain 
anti-MMTV antibodies, were added to the plates at different dilutions. 
After 1 h of incubation at 37 ° C and washings, peroxidase conjugates of 
goat antibodies to mouse IgE (Garne, Nordic), or of rabbit antibodies to 
mouse IgG F(äb')2 (Bio/Can, Toronto, Ontario), were added at dilutions 
of 1 : 5000 or l : 2000 to the wells, and incubated for 1 h at 37 ° C. Freshly 
prepared substrate 0.4 mg/tal o-phenylenediamine, 0.3 gl/ml hydrogen 
peroxidase, in citrate buffer pH 5.0) was added and the plates were 
incubated for 45 min in the dark at room temperature; finally, the absor- 
bance was determined at 490 nm for each well (micro-ELISA Auto- 
reader, Dynatech). The routine IgE mAbs 26.82 to dinitrophenol, in the 
form of ascites, served as a positive control; (the corresponding hybrid- 
oma was originally provided by Dr. David H. Katz [34]; the wells were 



Table 1. Stabilization of clones producing IgE antibody to murine mam- 
mary tumor virus (MMTV) 

Primary clone No. of subcloning IgE MMTV (%) ELISA a 

A8 1st 50 0.567 
2nd 80 0.822 
3rd 100 0.726 

H l l  1st 30 0.417 
2nd 60 0.427 
3rd 100 0.375 

a Enzyme-linked immunosorbent asay 

coated with dinitrophenylated bovine immunoglobulin (DNP26BGG) 
donated by Dr. E. Rector of this Department. A goat antiserum to gp52 of 
MMTV (which is the other major envelope glycoprotein of MMTV), 
purchased from the Biological Carcinogenesis Branch, National Cancer 
Institute, Bethesda, Md., served as a further control. 

Passive cutaneous anaphylaxis (PCA). For the demonstration of MMTV- 
specific IgE antibodies in the culture supernatants of hybridomas, 
volumes of 200 W1 serially diluted culture supematant were injected 
intradermally (i. d.) into the backs of hooded rats. After 24 h the same 
sites were injected i.d. with 50 gl (50 wg) MMTV and immediately 
thereafter 1 ml Evans blue dye (1% in PBS) was injected i. v. for visuali- 
zation of the PCA reaction by extravasation of the dye in the positive 
sites. The fiter of antibodies was defined as the reciprocal of the highest 
dilution of the supernatant that caused a dye exudation reaction of at least 
5 mm in diameter. This adaptation of the Prausnitz-Küstner test was used 
instead of the conventional PCA reaction requiring the i. v. injection of 
the challenging antigen so as to economize on the use of the MMTV. 

Ascites production. Balb/c mice received i.p. 0.5 ml pfistane (Aldrich 
Chemical Co., Milwaukee, Wis.) and 10 days later 5 x 10 ó monoclonal 
hybridoma cells [25]. Tumorous ascites appeared about 10 days later and 
it was drained every 2 - 3  days until the death of the mice. 

Enzyme-linked immunoelectrotransfer blot technique. The enzyme- 
linked immunoelectrotransfer blot technique is a combination of sodium 
dodecyl sulfate/polyacrylamide gel electrophoresis (SDS-PAGE) and 
ELISA [21, 32, 48]. Electrophoresis in SDS-PAGE was performed using 
10% resolving gel and 5% stocking gel. The gel was loaded with 25 W1 
containing 250 ng each of the two protein standards (bovine serum 
albumin, M = 68 200; ovalbumin (M = 42 699) and 50 gl (25 gg) 
MMTV. The samples were maintained for 2 - 3  min in boiling water 
before application onto the gel. After absorption of the samples into the 
stocking gel, electrophoresis was performed at 125 V for 45-50 min. 
One of the gels was then stained with 0.2% Coomassie brilliant blue 
R-250 and the other gel was transferred to nitrocellulose paper (0.45 Wm, 
Bio-Rad). The nitrocellulose paper, fiber pads (Bio-Rad), and filter 
papers (Whatman) were soaked in transfer buffer for about 30 min before 
preparing the multi-layer sandwich (i. e., fiber pad, two filter papers, gel, 
nitrocellulose paper, two filter papers, fiber pad). All air bubbles were 
removed from the interface between the gel and the nitrocellulose sheet, 
and the "sandwich" was locked inside a plastic support frame and placed 
into the trans-blot cell filled with transfer buffer, with the nitrocellulose 
paper facing the positive electrode. For transfer, the voltage of 100 V was 
applied at 250 mA for 1 h and the blots were developed by ELISA. 

Purification of monoclonal dinitrophenol-specific IgE antibodies. The 
antidinitrophenol IgE mAbs 26.82 were isolated from ascites by affinity 
chromatography according to the method of Liu et al. [34], as modified 
by Kelly et al. [28]. Briefly, bovine serum albumin (BSA) (fraction, 
Sigma) was coupled to cyanogen-bromide-activated Sepharose-4B 
(Phmmacia) at a concentration of 1 mg BSA/ml Sepharose 4B [46]. The 
BSA-Sepharose complex was treated for 16 h at 22°C with 2 g 
2,4-dinitrobenzenesulfonic acid, sodium salt (Aldrich), dissolved in 
Na2CO3 (10 mg/tal) solution. The immunoadsorbent was washed with 
Na2CO3 solution (10 mg/tal), H20, 4 M guanidine/HC1 in 0.25 M 
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Table 2. Levels of IgE antibody to MMTV 

Fraction ELISA ( A ) PCA titer a IgE content (gg/tal) 

H11 supernatant b 0.137 16 0.039 
A8 supernatant 0.224 32 0.066 
H11 ascites c 0.332 64 32 
A8 ascites 0.471 128 250 

a PCA, passive cutaneous anaphylaxis 
b The supernatants of in vitro tissue cultures were tested after ten-fold 
concentration by precipitation with ammonium sulfate 
c Ascites fluids were diluted 1 : 100 for ELISA 

sodium acetate buffer (pH 4.0), and finally with PBS containing 0.5% 
Tween 20. An IgE-enriched fraction was isolated from the ascites fluid in 
two steps: first, the bulk of immunoglobulins other than IgE were precip- 
itated with ammonium sulfate [NH4)2SO4] at 40% saturation, pelleted 
and discarded; next, the IgE-enriched fraction was precipitated from the 
supernatant with (NH4)2SO4 at 50% saturation. This IgE-enriched frac- 
tion was dissolved in PBS, dialyzed overnight against PBS containing 
0.5% Tween 20, and applied to the dinitrophenol-BSA-Sepharose 4B 
immunosorbent column. The column was washed with PBS/0.5% 
Tween 20, 0.05 M N-carbobenzoxyglycine (pH 8.0) (Sigma). Finally, 
the IgE antibodies were displaced by 0.02 M dinitrophenylglycine 
(pH 8.0) (Sigma) and the dinitrophenyl glycine was removed by dialysis 
against PBS. The protein content of the/gE antibodies was measured by 
the Lowry method [36]. The purified IgE was then used for establishing 
the standard curve for the measurement of the IgE content of culture 
supernatants and ascitic fluids by the ELISA test. 

Resu l t s  

Production and characterization of  monoclonal IgE 
anti-MMTV antibodies 

T w e n t y  B a l b / c  f e m a l e  m i c e  w e r e  i m m u n i z e d  wi th  k i l l ed  
M M T V  adso rbed  on to  AI (OH)3  gel ,  as de sc r ibed  u n d e r  
Ma te r i a l s  and me thods .  N o  a n t i - M M T V  an t ibod ies  w e r e  
de t ec t ed  af ter  the first  i m m u n i z i n g  in jec t ion .  A s t rong  
a n t i - M M T V  I g G  an t ibody  r e sponse  was  i n d u c e d  by  the  
s econd  i m m u n i z i n g  in jec t ion ,  but  aga in  no I g E  an t ibod ie s  
cou ld  be  de tec ted .  H o w e v e r ,  af ter  the third in jec t ion ,  t w o  
m i c e  had de tec tab le  I g E  an t ibody  l eve l s  (A  = 0 .150)  and 
all  an ima l s  c o n t i n u e d  to s h o w  a s t rong  an t i - IgG  re sponse .  
T h e s e  two  m i c e  w e r e  b o o s t e d  and thei r  sp leens  w e r e  used  
for  the  gene ra t i on  o f  a n t i - ( M M T V ) - I g E - a n t i b o d y - p r o d u c -  
ing  h y b r i d o m a s .  S e v e r a l  fus ions  w e r e  done  wi th  P3 x 20 
m y e l o m a  cells ,  and the  supernatants  w e r e  tes ted 14 days  
af ter  e a c h  fus ion,  and  at w e e k l y  in te rva ls  thereaf ter .  O n  the  
third sc reen ing ,  f o u r  p r i m a r y  c lones  p r o d u c i n g  super-  
natants  c o r r e s p o n d i n g  to a b s o r b a n c e  r ead ings  in the  r a n g e  
o f  0 . 1 2 8 - 0 . 3 2 4  w e r e  de tec ted .  T h r e e  o f  these  c lones  w e r e  
s u b c l o n e d  by the l im i t i ng -d i l u t i on  t e c h n i q u e  and t w o  o f  
t h e m  (A8 and H 1 1 )  w e r e  s tab i l i zed  (Tab le  1). 

T h e  superna tan ts  o f  bo th  c lones ,  as w e l l  as the  asc i t ic  
f lu ids  o f  these  h y b r i d o m a s ,  c o n t a i n e d  M M T V - s p e c i f i c  I g E  
an t ibodies  as r e v e a l e d  by  E L I S A  and P C A  (Table  2 and 
Figs .  1 and 2). F o r  the  P C A  assay,  the  I g E  an t ibodies  in the  
superna tan ts  o f  the  asci tes ,  ob ta ined  by  p rec ip i t a t ion  wi th  
(NH4)2SO4 at 5 0 %  sa tura t ion  and dia lys is ,  w e r e  c o n c e n -  
t ra ted tenfo ld .  T h e  I g E  concen t r a t i ons  in the  A8  and  H11  
asci t ic  f luids w e r e  250 ~tg/ml and 32 g g / m l ,  r e spec t i ve ly ,  
and the cul ture  supema tan t s  o f  A8  and H l l  c o n t a i n e d  
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Lane= 1 2 3 

Fig. 1. Passive cutaneous anaphylaxis (PCA) with A8 ascites fluid. 
Samples of 200 gl of twofold serial dilutions of the A8 ascites containing 
IgE antibodies to murine mammary tumor virus (MMTV) were injected 
i.d. into the backs of hooded rats. After 24 h the PCA reaction was 
e/icited by the i.d. injection of 50 ggMMTV into the same sites accom- 
panied by the i.v. injection of 1% Evans blue. The positive control 
consisted in sensitizing the skin with anti-DNP IgE antibodies and sub- 
sequent challenge with DNP26BGG. For negative controls, the skin was 
injected with the reagents listed above 

Fig. 2. Passive cutaneous anaphylaxis reaction with Hll ascites fluid. 
H11 ascites containing IgE antibodies of MMTV was used. Please see 
legend to Fig. 1 for more details 

66 ng/ml and 39 ng/ml IgE mAbs respectively (Table 2). 
In view of the higher levels of IgE mAbs produced by the 
A8 hybridoma, only these mAbs were used in subsequent 
experiments designed to test the in vivo effect of anti- 
MMTV mAbs on the growth of H2712 carcinoma. 

As illustrated in Fig. 3, the mAbs A8 and H11 bound to 
gp36 of MMTV, whereas the goat antiserum to MMTV 
recognized gp52. 

In vivo inhibition of tumor growth by 
anti-MMTV lgE A8 mAbs 

For the determination of the minimum lethal dose of 
H2712 and MA16/C tumor cells, groups of six mice 
received s.c. injections of 0.2-ml volumes containing 
103-106 cells of each tumor per animal. One thousand 
H2712 tumor cells killed five of the six recipients within 
160 days; by contrast, only three of six animals injected 
with the same dose of MA16/C tumor cells died within the 

Fi g .  3 .  Enzyme-linked immunoelektrotransfer blot of MMTV by mouse 
moAbs A8 and Hll and by goat anti-MMTV. Lane l, goat antiserum to 
MMTV; lande2, A8 ascites; lane3, Hll ascites. Molecular mass 
markers are indicated on the left. Ascites fluid was used as first Ab in 
1 : 10 dilution; goat antiserum to MMTV was used in 1 : 100 dilution; 
goat anti-(mouse horseradish peroxidase) (HRP) was applied in 1 : 5000 
dilution; rabbit anti-(goat-HRP) in 1 : 2000 dilution. Horseradish perox- 
idase was detected using 10 mg 4-chloronaphthol dissolved in 100 ml 
phosphate-buffered saline to which 70 gl H202 was added 

same period. At a dose higher than 104 cells of either 
tumor, all animals succumbed within 45 days. 

In the initial experiment designed to test the in vivo 
effect of the A8 mAbs on the H2712 tumor, three groups of 
five mice each received s.c. 105 tumor cells suspended in 
250 gl Hank's balanced salt solution (HBSS) that con- 
tained (20% by volume) either normal serum, murine 
ascitic fluid containing IgM antibodies to bacterial en- 
dotoxin, or ascitic fluid containing a total of 12.5 gg A8 
mAbs. A slight, but not significant, retardation of tumor 
growth was observed in the third group, which had re- 
ceived the IgE mAbs. 

In the next experiment, the control and test groups of six 
mice each received s.c. 105 tumor cells in HBSS contain- 
ing 20% normal mouse serum or 20% A8 ascites as above. 
Moreover, the control and test groups, respectively, re- 
ceived in addition repeated i.p. doses of 0.1 ml normal 
serum and ascites containing 25 gg A8 antibodies, at 4-day 
intervals for 8 weeks. All the control mice died by day 44, 
whereas four of the six mice treated with A8 mAbs were 
still alive. After cessation of antibody treatment, orte 
mouse developed a palpable tumor starting on day 58 and 
died on day 72, but the three remaining animals were alive 
and free of detectable tumor 175 days after injection of 
tumor cells (Fig. 4). In an analogous experiment, the same 
experimental conditions were maintained except that the 
tumor dose was increased to 106 cells/mouse. By day 32 all 
of the control animals had developed tumors and died, 
whereas at that time only two of the mice in the test group 
had succumbed to the tumor, and the other four mice had 
no apparent tumors; however, all of the latter mice died by 
day 161 (Fig. 5). 

In another experiment to be reported here, 105 H2712 
tumor cells were suspended in HBSS containing either 
normal mouse serum or A8 mAbs as described previously, 
except that in this case both control and test groups of six 
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an•mals each received the tumor cells by the i.p. route. As 
in the earlier experiments, the test group continued to re- 
ceive i.p. doses of 0.1 ml A8 ascites (containing 25 gg IgE 
anti-MMTV IgE mAbs) every 4 days for 6 weeks. All the 
control mice had developed tumors and died by day 34, 
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received 105 tumor cells i.p. in HBSS +20% normal mouse serum. The 
treated group ( • • )  received the same dose of tumor cells i. p. in 
HBSS +20% ascites fluid that contained 12.5 gg IgE anti-MMTV anti- 
bodies. This group was injected with 0.1 ml ascites fluid (25 gg IgE 
anti-MMTV) every 4 days for 6 weeks 
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Fig. 7. The effect of anti-MMTV IgE antibodies on the growth of virus- 
free MA-16/c mammary carcinoma. Groups of 5 C3H/HeJ mice were 
injected with 105 MA16/c mammary carcinoma cells i.p. and one of the 
groups was treated with anti-MMTV IgE antibodies as described for 
Fig. 6. ( O O), Control; ( • • ) ,  IgE-treated 

whereas two of the six mice treated with antibodies were 
still alive 139 days after the initiation of the experiment 
(Fig. 6). 

To test the specificity of the retardation effect of A8 
mAbs on tumor growth, each mouse of two additional 
control groups received i.p. 105 MA16/C mammary carci- 
noma cells, which are MMTV-negative; all the other con- 
ditions were identical to those used for the test and control 
groups in the earlier experiments. It was interesting to note 
that the A8 mAbs did not protect these mice, which had all 
died by day 65; however, the an•mals treated with normal 
mouse serum in lieu of the mAbs died somewhat earlier 
(Fig. 7). 
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D i s c u s s i o n  

The results of this exploratory study, conducted with a 
relatively small number of inbred mice, on the possible 
protective antitumor effect of IgE antibodies to tumor-spe- 
cific markers, such as the MMTV, demonstrate that (a) it is 
feasible to generate murine hybridomas producing specific 
monoclonal IgE antibodies to the gp36 of MMTV, and (b) 
these mAbs were able to protect syngeneic mice in an 
immunologically specific manner against a lethal dose of 
the H2712 mammary carcinoma secreting the MMTV 
virus; this conclusion is supported by the finding that these 
mAbs did not inhibit significantly the growth of the 
MMTV-negative mammary carcinoma MA 16/C. 

These promising results are deemed to justify further 
efforts for the generation of additional hybridomas produc- 
ing larger amounts of IgE anti-MMTV mAbs, and for an 
in-depth investigation of the effector mechanisms respon- 
sible for the antitumor protective effects of the anti-gp36 
IgE mAbs utilizing a larger number of animals. 

Considering that the half-life of murine IgE in circula- 
tion is only 6-8  h as contrasted to its half-life of 8 days 
when attached to mast cells [23, 24], it is highly probable 
that most of the A8 mAbs injected into tumor-bearing mice 
disappeared rapidly from circulation and became attached 
to IgE receptors, which have been shown to be present on a 
wide spectrum of cells, i.e., mast cells, eosinophils, ba- 
sophils, platelets, macrophages, B and T cells [15, 17, 41]. 

Clearly, additional experiments are required for the def- 
inition of the effector cells and of their cytotoxic factors 
that lead to the observed inhibition of tumor growth. The 
observation that the i.p. injection of IgE antibodies led to 
the suppression of the growth of s.c. tumors provides in- 
direct support for the view that some of the injected IgE- 
binding cells had migrated from the peritoneum to the 
subcutaneous tumor sites, where they exerted their cyto- 
toxic effects on the carcinoma cells. 

IgE-mediated cytotoxic mechanisms are known to play 
a major role in immunity to parasites. Thus, IgE-armed 
eosinopohils are able to kill specifically helminth larvae, 
and IgE-armed platelets and monocytes have been shown 
to be effective in destroying parasites [15]. It is also worth 
noting that Keller et al. [27] demonstrated that the growth 
ofa syngeneic mammary adenocarcinoma was suppressed 
in mice infected with Nippostrongylus brasiliensis, which 
were producing a strong anti-helminth IgE antibody re- 
sponse, and suggested that the inhibition of tumor growth 
in these animals was due to reaction of these antibodies 
with cross-reacting antigens of the tumor and parasite. 
A similar mechanism may have contributed to the 
decreased incidence of spontaneous mammary tumors in 
mice infected with TrichinelIa spiralis [50] as well as their 
longer survival. 

The results of this study support the view that antitumor 
IgE mAbs produced by xenogeneic hybridomas or by re- 
combinant DNA technology (i.e., "humanized" or 
chimeric Abs) may prove to be useful therapeutic agents 
for inhibition of tumor growth in man if one could over- 
come their immunogenicity [41]. In this connection it is 
appropriate to mention that there is a large body of evi- 
dence demonstrating that covalent conjugates of xeno- 

geneic antibodies (xAb) and monomethoxypolyethy- 
leneglycol (mPEG) induce a prolonged antigen-specific 
tolerance to the xAb (<500 days) by the generation of 
suppressor T cells. Only further experiments will prove the 
usefulness of these strategies and the degree of their effec- 
tiveness in relation to immunotherapeutic procedures in- 
volving immunotoxins [31]. Therefore, it may be visual- 
ized that administration of tolerogenic mPEG conjugates 
of xenogeneic autitumor IgE antibodies in conjunction 
with the unmodified antibodies, as described elsewhere 
[38, 44], may prove an effective strategy for destruction of 
malignant cells in man. 
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