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ABSTRACT

Idarubicin is a derivative of daunomycin and is characterized by the
absence of the methoxyl group at the C-4 position. It has been reported
to have greater therapeutic effect than daunomycin. Idarubicin was
chemically coupled to a monoclonal antibody to the murine Ly-2.1
alloantigen and the cytotoxicity of the drug-monoclonal antibody conju
gate Â«TVÂ«*free idarubicin was tested in vitro against I v-2f and Ly-2~

tumor cell lines. Some loss of idarubicin activity occurred upon conjuga
tion to the monoclonal antibody; however, antibody activity was preserved
and selective cytotoxicity for the I .y-2*cell line was observed. By contrast
free idarubicin was equally cytotoxic for all cell lines (Ly-2* and Ly-2~).

Idarubicin-anti-Ly-2.1 conjugates were tested for their capacity to inhibit
solid tumor growth in (Ly-2.r, Ly-2.2+) (C57BL/6 x BALB/c)F, mice

while their nonspecific effects were monitored by histolÃ³gica!examina
tion. The idarubicin-anti-Ly-2.1 conjugates when injected i.v. or directly
into the tumor were observed to inhibit tumor growth more effectively
than idarubicin or anti-Ly-2.1 alone, with smaller tumors being com
pletely eradicated within several days of the completion of treatment.

INTRODUCTION

The concept of targeting antineoplastic agents to tumors
using MoAbs2 is currently being evaluated (1,2). Generally the

approach involves producing conjugates of antibody and a toxic
agent, capable of selectively localizing and damaging tumor
cells. Major attention has been directed towards constructing
immunotoxins from A chains of plant and bacterial toxins and
antibodies (3-5), such that their antigen binding and internali-
zation leads to cell death. In practice, many MoAbs believed to
be specific for tumors are also reactive with subpopulations of
normal cells and consequently it may be unrealistic to utilize
such potent toxins because of their potential damage to normal
tissues. A safer alternative to plant toxins has been to couple
antibodies to conventional anticancer drugs such as adriamycin
(6), vindesine (7), chlorambucil (8, 9), melphalan (10), and
methotrexate(ll, 12).

Daunomycin, an anthracycline antineoplastic agent has been
coupled, via the amino group of the sugar moiety, to antibodies
either directly (6) or via a dextran (13) or polyglutamic acid
(14, 15) intermediary. The amino group is thought to be essen
tial for activity and to avoid the use of this group, a coupling
procedure using the C-14 was devised (16). Since then dauno
mycin has been coupled via C-14 to polyaspartic acid (17) and
to MoAbs (18). We have used a similar procedure to couple a
more toxic analogue of daunomycin, idarubicin (4-demethoxy-
daunomycin) (Fig. \A) and in this study we report the sel jctive
and potent in vitro and /'// rivo antitumor action of idr.rubicin

conjugated to a murine anti-Ly-2 antibody.
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dosage level of 10% lethality.

MATERIALS AND METHODS

Tumor Cells. The cell lines examined in this study included the (Ly-
2+) murine thymoma ITT(1)75NS E3 variant (E3) (8), the (Ly-2~,
TFR-) lymphoma EL4 (19) and the (TFR*) human cell line CEM (20).
Cells were maintained in vitro in Dulbecco's modified Eagle's medium

or RPMI 1640 (Flow Laboratories, Sydney, Australia), supplemented
with 10% heat-inactivated newborn calf serum (Flow), 2 mM glutamine
(Commonwealth Serum Laboratories, Sydney, Australia); 100 Â¿ig/ml
streptomycin (Glaxo, Melbourne, Australia) and 100 IU/ml penicillin
(CSL). The E3 tumor was maintained in vivoby serial passage into (Ly-
2.r, Ly-2.2*) (C57BL/6 x BALB/c)F,, (CBF,) mice. Cells from the

ascites fluid were washed and centrifuged (400 g x 5 min) twice in PBS
(pH 7.3), resuspended in PBS, and injected s.c. into the abdominal wall
of mice. These developed into palpable tumors prior to treatment. Mice
were subjected to a series of i.v. or intratumor treatments and the
subsequent size of tumors measured daily with a caliper square, meas
uring along the perpendicular axes of the tumors. Data were recorded
as mean tumor size (product of two diameters Â±standard error).

Mice. CBA and CBF! mice were produced in the Department of
Pathology, University of Melbourne. Experimental groups of eight to
ten mice all of the same sex and age were used in each experiment.

Monoclonal Antibodies. MoAbs used were: (a) Anti-Ly-2.1 (IgGi)
reactive with the murine Ly-2.1 specificity (21) and (b) A3C6 (anti-
TFR) (IgGi) reactive with the human transferrin receptor; this MoAb
was made by M. Pannacio and satisfies the criteria for an anti-TFR
MoAb (unpublished results). The MoAbs were isolated from ascites
fluid by precipitation with 40% ammonium sulfate, dissolution in PBS
and dialysis with the same buffer. These crude preparations were either
adsorbed onto protein A-Sepharose (Pharmacia Inc., Piscataway, NJ),
washed extensively with PBS (pH 7.3) and eluted with 0.2 M glycine/
HCl (pH 2.8), or passed through an Affigel blue column. Following
neutralization MoAbs were then dialyzed against PBS, aliquoted, and
stored at -70Â°C. When tested by sodium dodecyl sulfate-polyacryl-

amide gel electrophoresis these MoAb preparations were demonstrated
to be 90-95% pure.

Preparation and Quantitation of Conjugates. Intact anti-Ly-2.1 or
anti-TFR MoAbs (1-2 mg/ml in borate buffer, pH 8.0) were mixed
with molar excesses (5- to 50-fold) of Br-Ida dissolved in (N,N)-
dimethylformamide at 10 mg/ml. The reaction was maintained at room
temperature for 4 h, before centrifuging (400 g x 5 min) to remove any
precipitate caused by a loss of antibody charge and solubility. Free Br
ida and other unreacted starting materials were removed by gel filtration
chromatography using a Sephadex G-25 column (PD-10 Pharmacia)
and the conjugates were then passed through a column of Porapak Q
to remove any adsorbed drug (22). The amount of Ida incorporated in
drug-MoAb conjugates was determined by absorbance spectrophotom-
etry at 483 nm (E4g3= 3.4 x IO3M"1cm"') and protein estimation (23).

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and gel fil
tration (S 300. Pharmacia) clarified that no high molecular weight
aggregates were contaminating the Ida-MoAb preparation.

Antibody Activity. A rosetting assay using sheep anti-mouse iinnui-
noglobulin was used to determine the antibody activity of Ida-MoAb
conjugates compared with free MoAb which had undergone the same
procedures used in the coupling method (24).

Drug Activity, (a) 24-h inhibition assay: 100 u\ of cells (2-5 x IO6/
ml) were added to a flat-bottom microtiter plate and incubated for l h
at 37Â°C.Free Ida (dissolved in PBS) and Ida-MoAb conjugates were

filtered sterile and dilutions were performed in sterile PBS; 50 u\ of
free Ida or conjugate were added to the cells using duplicate wells/
sample; control wells received 50 n\ of PBS and the cells were cultured
at 37Â°C,7% CO2 for 24 h. (b) 30-min inhibition assay: 200 /J of cells
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(2-5 x 106/ml) were collected in sterile Eppendorf tubes, resuspended
in sterile drug or conjugate, and mixed for 30 min at 37Â°C.Cells were

then centrifuged (400 g x 5 min), resuspended in growth medium, and
100 /Â¿Ialiquots were seeded into a microtiter plate using duplicate
wells/sample before an incubation period of 16-24 h. After the incu
bation period in both these assays, 50 /<1of growth medium containing
1 nCi of [3H]thymidine (specific activity, 5 Ci/mmol; Amersham) was
added and the plates incubated for 2-4 h. Cells were then harvested,
dried, and individual samples separated and counted on a beta scintil
lation counter. Incorporation of [3H]thymidine was expressed as a

percentage inhibition in incorporation of controls. Standard error for
any point was generated by duplicate determinations and did not exceed
5% for any given experimental point.

Toxicity. Groups of 10-20 CBA mice were given a single i.p. injection
of various doses of Ida or Ida-anti-Ly-2.1 and the survival of mice was
recorded against the dose of drug delivered in milligrams per kilogram.
The organs of these mice were removed and weighed prior to formalin
fixation and staining by hematoxylin and eosin.

RESULTS

Preparation and Characterization of Conjugates. Br-Ida (Fig.
1) was covalently coupled to MoAbs against the human TFR
and the murine Ly-2 alloantigen. Reaction conditions were
established for the conjugation by varying the molar excess of
Br-Ida added to MoAbs and making a compromise between
higher Ida incorporation and lower protein recoveries (loss of
protein solubility). Both Ida-anti-Ly-2.1 (Fig. 2) and Ida-anti-
TFR (data not shown) incorporated three to five molecules of
Ida with protein recoveries of greater than 50%. Reaction of

A IOARUBICIN R = H

B BROMOIDARUBICIN R = Br

C AMINE LINK R = NH-MoAb
0

D ESTER LINK R = 0-C-MoAb

Fig. 1. Structure of anthracycline derivatives.
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Fig. 2. Coupling of Ida to anti-Ly-2.1 ( 1.0 mg). Molecules of Ida incorporated
per molecule of anti-Ly-2.1 (â€¢)and protein recovery (â€¢)are shown as a function
of the number of nmoles of Ida in the reaction mix

Br-Ida with MoAbs could give rise to two types of linkages
(Fig. 1, C and D). To establish which was present, conjugates
(1-5 mol Ida/mol MoAb) were exposed to pH 4.5 or 9.0 for 48

h, free drug released was adsorbed onto Porapak Q and the
samples were requantitated by spectrophotometry. Fifty percent
of the bound drug was released on exposure to base (pH 9.0),
while no loss was apparent at pH 4.5. This would suggest that,
at these levels of incorporation, at least 50% of the drug is ester
linked (Fig. ID) as the ester linkage is sensitive to basic condi
tions while the amine link is stable.

Antibody Activity. The titers of antibody before and after
conjugation were measured by the rosetting method and were
determined as the dilution at which 50% of the target cells
demonstrated rosettes. Ida-anti-Ly-2.1 conjugates containing
two and eight molecules of Ida had antibody titers of 1:56,000
and 1:33,000, respectively, while the antibody titer was 1:80,000
(Fig. 3). Thus there is some loss of antibody activity due to the
conjugation procedure, however conjugates with less than six
molecules of Ida/molecule of MoAb were used for in vitro and
in vivo studies. It was noted that the solubility and antibody
activity of Ida-anti-Ly-2.1 conjugates decreased significantly,
beyond these levels of Ida incorporation (data not shown).

In Vitro Activity of Idarubicin and Idarubicin-MoAb Conju
gates. The in vitro cytotoxicity of Ida and two Ida-MoAb
conjugates on the murine ITT(1)75NS E3 cell line (Ly-2+
TFR~) and the human CEM cell line (Ly-2~ TFR+) was meas

ured in a 24h inhibition assay and 11>â€žvalues were determined.
The ID5o value for Ida was in the range of 1.0 to 2.5 x IO"7 M

for both cell lines tested (Fig. 4 and Table 1). The ID50 value
for Ida-anti-Ly-2.1 on E3 was four times greater (Fig. 4) and
for Ida-anti-TFR on CEM the ID50 values were one to two

times greater than those of free Ida (Table 1). Therefore, free
Ida was more cytotoxic to both E3 and CEM than Ida-anti-Ly-
2.1 and Ida-anti-TFR, respectively. These Ida-MoAb conju
gates, however, demonstrated a 10-fold lower cytotoxicity to
nonreactive cell lines (Table 1), thus indicating their cytotoxic
action was specific and resulted from their retention of antibody
activity (Fig. 3).

To further examine whether the conjugates exhibited selec
tivity in their cytotoxic action for target cells, Ida-anti-Ly-2.1
and Ida-anti-TFR were incubated for 30 min with E3 (Ly-2+)

cells, before washing away unbound conjugate and measuring
the cytotoxicity. The Ida-anti-Ly-2.1 conjugate had an ID50
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Fig. 3. Antibody titer measured as the percentage of rosette forming cells
versus antibody dilution of anti-Ly-2.1 conjugates on ITT(l) 75 NS E3 target
cells. Serial dilutions were performed upon a 0.5 mg/ml solution of either anti-
Ly-2.1 (A) or Ida-anti-Ly-2.1, 2 mol Ida/mol conjugate (â€¢)or Ida-anti-Ly-2.1, 8

mol Ida/mol conjugate (O).
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Fig. 4. The inhibitory effect of Ida (â€¢)or Ida-anti-Ly-2.1, 5 mol Ida/mol

conjugate (â€¢),on E3 cells in a 24 h assay (see "Materials and Methods").

Table 1 Effect ofidarubicin monoclonal antibody conjugates (mean ID^J on
tumor cells

Mean IDÂ»values [Ida (M)]
determinedforTumor

celllineE3

CEMIda1.2X

10-'
(5)Â°

2.2 X 10~7

(5)Ida-anti-Ly-

2.14.3
x IO'7

(3)2.0 x IO'6

(2)Ida-anti-TFR2.3

x IO"'

(2)3.0 x IO"7

(3)
â€¢Numbers in parentheses, number of preparations tested.
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Fig. S. The inhibitory effect of Ida (â€¢). lda-anti-Ly-2.1, 5 mol Ida/mol
conjugate (â€¢),or Ida-anti-TFR, S mol Ida/mol conjugate (O) on (!>-") E3 cells
in a 30-min inhibition assay (see "Materials and Methods").

value of 6.2 x 10 7 M compared to an ID50 value of 5.2 x 10 7
M for free Ida (Fig. 5). By contrast the nonreactive Ida-anti-
TFR conjugate had an ID50 of 5.0 x 10"' M, i.e., 10 times

greater than free Ida, demonstrating that the antibody binding
activity of the Ida-anti-Ly-2.1 conjugate resulted in its selective
cytotoxicity. Similar results were obtained using the CEM cell
line and Ida-anti-Ly-2.1 as a nonreactive negative control (data
not shown). To further ensure that the cytotoxicity of Ida-
MoAb conjugates to target cells was specific and occurred at
the antibody binding site we performed studies to inhibit con
jugate cytotoxicity using free MoAb. At an Ida concentration
of 4.0 X 10~6M (2 Mganti-Ly-2.1), the cytotoxicity of the anti-

Ly-2.1 conjugate on E3 cells was reduced by 70% upon the
addition of 50 /Â¿g(250 Mg/ml) of anti-Ly-2.1 (Fig. 6), indicating
that the cytotoxicity of the Ida-anti-Ly-2.1 conjugate is directly

1tr6 5x1<r6

Concentration Ida (M)

Fig. 6. The inhibitory effect of Ida-anti-Ly-2.1, 5 mol Ida/mol conjugate (O),
and conjugate plus (250 un/ml) anti-Ly-2.1 (â€¢)on E3 target cells in a 30-min
specificity assay.
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Fig. 7. Growth of the E3 thymoma in CBF, mice injected s.c. with 2x10*

cells. Groups of 10 mice were given i.v. treatments denoted (j ); PBS (II), Ida (â€¢),
anti-Ly-2.1 (A), Ida-anti-TFR (O), or Ida-anti-Ly-2.1 (â€¢).Bars, Â±SEof the mean.

related to its antibody binding ability. It should be noted that
in both in vitro assays and in vivo experiments free anti-Ly-2.1
and anti-TFR were non-cytotoxic, and a mixture of Ida and
MoAb was no more effective than Ida alone (data not shown).

In Vivo Treatment of the Murine Thymoma ITT(1)75NS E3.
To assess the inhibition of growth of solid tumors, groups of
CBF, mice (10/group) inoculated s.c. with 2.0 x IO6 E3 cells

in the abdominal region were treated with i.v. injections of one
of the following: (a) PBS; (Â¿>)anti-Ly-2.1; (c) Ida; (d) Ida-anti-
TFR conjugate; or (e) Ida-anti-Ly-2.1 conjugate. Mice received
either 40 jig of Ida and/or 2.0 mg of MoAb (anti-Ly-2.1 or
anti-TFR), respectively, on both days 4 and 5 (tumor size, 0.1
cm2) after tumor inoculation. Within 24 h of the first treatment
the Ida-anti-Ly-2.1 treated mice had a mean tumor size 20%
that of PBS-treated mice (i.e.. an 80% decrease in tumor mass)
(Fig. 7); it was evident that anti-Ly-2.1 alone and Ida covalently
bound to the nonspecific anti-TFR MoAb did not effect E3
tumor growth. The tumors of mice receiving Ida alone were
reduced by up to 50%, however three of these mice died and
the others had a 25% reduction in body weight. Individual
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tumor growth curves of mice receiving Ida-anti-Ly-2.1 demon
strated regression of nine of 10 of the tumors during the course
of treatment (Fig. 8), indeed, five of 10 tumors completely
regressed and did not reappear (>200 days) and those tumors
that continued to grow at the completion of treatment (five of
10), grew at slower rates than the tumors of PBS and Ida-an t i
TFR treated mice.

A further experiment was performed to assess i.v. treatment
of larger tumors using Ida-anti-Ly-2.1. Groups of CBFi mice
(10/group) were inoculated with 3.0 x 10" E3 cells, and mice

then received 40 /ig Ida and/or 2.0 mg of anti-Ly-2.1 on both
days 6 (tumor size, 0.2 cm2) and 7 after tumor inoculation (Fig.
9). The Ida-anti-Ly-2.1-treated mice had a mean tumor size
50% that of PBS-treated mice, and 66% that of Ida-treated
mice by day 7, this trend continuing until the termination of
the study (day 18). Individual tumor growth curves of the 10
CBFi mice receiving Ida-anti-Ly-2.1 demonstrated that there
were four regressions and one complete removal of tumor mass
(>200 days) (data not shown). Therefore Ida-anti-Ly-2.1 was
effective against larger tumors and in both experiments the
anti-tumor activity of Ida was considerably improved when
coupled to the anti-Ly-2.1 MoAb.

Intratumor Treatment. Intratumor therapy has been shown to
be a useful technique for immunotherapy of animal and human
tumors (25, 26) and consequently we performed studies to
characterize the antitumor activity of Ida-anti-Ly-2.1 conju
gates when administered directly into solid E3 tumors. Groups
of 10 CBF, mice implanted s.c. with 3.0 x IO6 E3 cells devel
oped tumors (0.1-0.2 cm2) 5 days after tumor inoculation.

Treatments consisted of two injections (volume, 0.5 ml/injec
tion) on days 5 and 6 after tumor implantation, mice receiving
one of the following treatments: (a) PBS; (Â¿>)Ida; (c) anti-Ly-
2.1; or (</) Ida-anti-Ly-2.1 (consisting of 80 MgIda and/or 4.0
mg anti-Ly-2.1 total). Ida-anti-Ly-2.1 demonstrated the great
est antitumor activity, free Ida, and anti-Ly-2.1 alone not af
fecting tumor growth when administered directly into the tu-
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Fig. 9. Growth of the E3 thymoma in CBF, mice injected s.c. with 3.0 x 10*

cells. Groups of 10 mice were given i.v. treatments denoted (J); PBS (D), anti-Ly-
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cated one complete regression while the remaining mice dem
onstrated a delayed reduction in tumor growth 3 days after the
completion of treatment.

Toxicity. For acute toxicity experiments groups of 10 CBA
(Ly-2.1+) mice were given a single injection of various doses of
either Ida, Ida-anti-Ly-2.1 (5 mol Ida/mol MoAb) or Ida-anti-
TFR (5 mol Ida/mol MoAb). All mice injected with Ida showed
an initial weight loss (up to 25% of the original weight) however
no weight loss was observed in mice treated with either Ida-
Mo Ab conjugate. The toxicity of Ida and Ida-MoAb conjugates
was reflected in LD)0 values where the LDio value of Ida-anti-
Ly-2.1 was 10.0 mg/kg of Ida as compared to only 0.75 mg/kg
for free Ida (LD50 = 3.00 mg/kg). In addition the Ida-anti-TFR
conjugate had an LD)0 value of 15.0 mg/kg (Ida-MoAb conju
gates were not tested to an LD50 dose). These results demon
strate the greater therapeutic index of Ida-MoAb conjugates
compared with free Ida.

Histologically, the i.v. administration of free Ida (1.0 mg/kg)
resulted in atrophy of the white pulp in the spleen 15 days after
treatment and some hypertrophy of cardiac muscle fibers (data
not shown). By contrast, a single dose of Ida-anti-Ly-2.1 (2.4
mg/kg) did not cause any detectable nonspecific tissue toxicity
to kidney, heart, spleen, liver, or small and large intestine after
15 and 30 days (data not shown).

DISCUSSION

Due to the nonspecific toxic effects of the currently used
antineoplastic agents, there have been attempts to increase their
therapeutic index by coupling them to MoAbs reactive with
tumor antigens (6-15, 18). Anthracyclines are an important
group of antineoplastic agents used in the chemotherapy of
cancer, of which, adriamycin, and daunomycin have shown
efficacy towards solid tumors (27). Additionally, a less cardi-
otoxic semisynthetic analogue of adriamycin, epirubicin, was
recently introduced (28) while idarubicin (4-demethoxydauno-
rubicin), a more potent and less cardiotoxic analogue is cur
rently undergoing clinical trials (29). Coupling of daunomycin
and adriamycin to antibodies results in a substantial loss of
drug activity when coupling is carried out via the amino group.
Recently, however, daunomycin was coupled to MoAbs via the
C-14 using bromodaunomycin and these conjugates demon
strated activity in vitro, however, no in vivo studies were re
ported (18). Our approach was to couple the more cytotoxic
analogue Br-Ida to MoAbs to form Ida-MoAb conjugates with,
hopefully, greater in vitro and in vivo efficacy. Initially, it was
necessary to optimize coupling conditions such that conjugates
with acceptable antibody activity and yield were obtained. Both
anti-Ly-2.1 and anti-TFR MoAbs incorporated three to five
molecules of Ida/MoAb, with >50% protein recovery (Fig. 2).
The labile nature of 50% of the coupled drug in the conjugates
in the presence of base suggests that at least 50% of the drug is
ester linked, while the other 50% may be coupled via an amine
linkage. Further characterization of the linkage between Ida
and MoAb would entail extensive degradation studies leading
to the isolation of modified amino acids and structural deter
mination by physical and chemical methods. Precedence for
both amine and ester linkages between C-14 bromo derivatives
and polyamino carriers has previously been cited (17) using
poly(L-lysine) or poly(L-aspartic acid). A number of recent
studies favor cellular lysosomal degradation of drug-carrier
conjugates (30, 31) and therefore, this Ida-MoAb conjugate
could release Ida when hydrolyzed intracellularly by nonspecific

esterases or the active component might be a C-14-linked amino

acid or peptide conjugate.
The cytotoxicity of the Ida-anti-Ly-2.1 and Ida-anti-TFR

conjugates was 25 and 50% that of free Ida on the cell lines E3
and CEM, respectively (Fig. 4) and Table 1; however these
conjugates were selectively cytotoxic to these cell lines in an
assay where conjugates were exposed to cell lines for 30 min
and washed. The Ida-anti-Ly-2.1 conjugate and free Ida were
equally cytotoxic and the nonreactive Ida-anti-TFR was only
10% as effective on the Ly-2.1+ cells. However it was clear that
at higher concentrations, the Ida-anti-TFR conjugate demon
strated a nonspecific toxic effect (Fig. 4), the nature of which
is unknown. It should be noted that daunorubicin-MoAb con
jugates also demonstrated nonspecific toxicity at concentrations
>10 (ig/m\ (18) and that the nonspecific toxicity of Ida-MoAb
conjugates was not evident in vivo at concentrations of <10.0
mg/kg. The in vivo antitumor activity of Ida-MoAb conjugates
was tested in the ITT(1)75NS murine thvino ma model. Tumors
were established in mice by injecting 2 x IO6 E3 tumor cells

s.c. and 4 days later when a palpable lump was detected, tumors
were treated i.v. with 40 ^g (Ida) of Ida-anti-Ly-2.1 conjugate
and a further 40 ^g was given i.v. on day 5. Of the mice that
received the specific Ida-anti-Ly-2.1 conjugate, 50% of the
tumors were eradicated (Figs. 7 and 8) and groups treated with
PBS, anti-Ly-2.1 or nonspecific Ida-anti-TFR conjugate did not
show any therapeutic effect. The free Ida-treated group dem
onstrated an antitumor effect, but these mice also showed signs
of Ida toxicity. A similar treatment of larger tumors with Ida-
anti-Ly-2. 1 (80 Â¿Â¿gIda total) also gave some tumor eradication
and the remaining Ida-anti-Ly-2.1-treated mice demonstrated
reduced tumor growth.

Intravenous treatment of solid tumors is hampered by a
number of biological barriers and from localization studies in
mice it has been shown that only approximately 2% of the
injected antibody binds to the tumor (32). On this basis the
efficacy of direct treatment into the E3 tumor was assessed by
an intratumor injection of (2 x 40 nf>Ida) of Ida-anti-Ly-2.1.
On day 13 the Ida-anti-Ly-2.1-treated mice had a mean tumor
size 30% that of control tumors and 10% of these were com
pletely cured. Thus when injected directly into the tumor the
therapeutic effect of these Ida-MoAb conjugates was less than
that of ricin-MoAb conjugates (25). This is not surprising,
considering that ricin-MoAb conjugates have a greater cytotox
icity and probably a lower rate of diffusion from the tumor
because of their higher molecular weight. By contrast, the Ida-
MoAb conjugate demonstrates greater efficacy when injected
i.v. than ricin-MoAb conjugates, which are subject to rapid liver
clearance by the reticuloendothelial system. It can be delivered
over a wider therapeutic range as acute toxicity experiments
indicated Ida-MoAb conjugates to be 15 times less toxic than
free Ida. Currently, dose-response studies are being undertaken
to further investigate the i.v. treatment of solid tumors using
these Ida-MoAb conjugates. We are also evaluating the efficacy
of Ida-MoAb conjugates against human colon tumor xenografts
with the intention of progressing to clinical trials.
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