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ABSTRACT

The two naturally occurring forms of ricin A chain, M, 33,000 and M,
30,000 ( RTAu and K I A <â€ž)have been purified, and their chemical com
positions, toxicities, and tissue distributions have been determined. As
reported previously, the in vitro and in vivo toxicities of K I A,,, and
RTA33 are similar. However, RTAjÂ«,which contains less carbohydrate
with a lower mannose content than UTA,,, accumulated less in the liver
than did RIA,,. Monoconjugate immunotoxins ( />.. containing one RTA
per monoclonal antibody molecule) were constructed between RTA.W or
RIA u and the antitumor monoclonal antibody 791T/36, which recognizes
a M, 72,000 antigen on osteosarcoma and colon carcinoma cells. The two
immunotoxins had similar cytoxicities in vitro but differed substantially
in their pharmacokinetics and tissue distributions in vivo in nude mice
bearing C170 human colorectal carcinoma xenografts. The immunotoxin
derived from RIA,,, (ITiâ€ž)accumulated less in the liver than the immu
notoxin derived from RTA33 (IT33) and cleared more slowly from the
blood; the a and ÃŸhalf-lives for ITM and IT33 were 0.50 and 20.5 versus
0.17 and 14.6 h, respectively. As a probable consequence, I I'm accumu

lated to approximately 3-fold higher levels in the C170 xenografts than
I l.u. The reduced clearance of IT-,,, by the reticuloendothelial system

thus resulted in prolonged survival in the blood and enhanced tumor
localization relative to II u.

INTRODUCTION

Immunotoxins, which are conjugates of monoclonal antibod
ies and toxic moieties such as plant or bacterial toxins, are
being increasingly investigated as a means to target and kill
tumor cells or lymphocytes specifically. The most widely stud
ied toxic moiety, both experimentally and clinically, is RTA'

(reviewed in Ref. 1), probably as a consequence of its relative
ease of preparation and high potency. This glycoprotein is a
highly specific jY-glycosidase which removes adenine 4324 from
ribosomal 28S RNA, thereby inactivating the ribosome and
inhibiting protein synthesis (2, 3).

Potent RTA immunotoxins have been prepared from anti
bodies that react with a variety of human tumor-associated
antigens (4-9) as well as with several human lymphocyte surface
antigens (10-14). Several of these immunotoxins have been
evaluated clinically (4, 12, 15), but thus far, only the trials with
an anti-pan T-lymphocyte immunotoxin (16, 17) have yielded
clear evidence of efficacy.

Several reasons have been proposed for the relatively poor
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efficacy noted for certain preparations of immunotoxins in vivo,
including poor access to solid tumors, antigen-negative tumor
cell mutants, antigen shedding, instability of the conjugate, and
rapid clearance from circulation (18). The latter reason may be
the most important for RTA immunotoxins, except, perhaps,
when their target is immediately accessible in circulation as it
is for the anti-lymphocyte immunotoxins.

Native RTA immunotoxins are rapidly cleared from the
bloodstream of animals (19-21), and a similar rapid clearance
has been observed in humans (16, 22, 23). The rapid clearance
of RTA immunotoxins is due primarily to the recognition of
mannose and fucose residues on the RTA by cells in the liver
and other organs of the reticuloendothelial system with recep
tors for those sugars. Thus, ricin (24, 25), RTA (26, 27), and
RTA immunotoxins (28-30) are all taken up by liver cells in
vitro or by the liver in vivo via a mechanism that is blocked by
glycoproteins and saccharides containing mannose or fucose.

Two approaches have been taken to overcome this accelerated
clearance of RTA immunotoxins: (a) chemical modification of
the RTA carbohydrate, thereby minimizing reactivity with the
reticuloendothelial cell receptors (20, 21, 27); and (b) the use
of recombinant RTA produced in bacteria and, therefore, lack
ing carbohydrate (31, 32). Immunotoxins made using these
RTAs have shown reduced liver uptake in animals and pro
longed survival in the blood (21, 27, 29, 31). For immunotoxins
made with chemically modified RTA this has translated into
improved tumor localization and efficacy (33).

In this study, we have explored an alternative approach of
utilizing a naturally occurring form of RTA that has both a
lower total carbohydrate content and a reduced amount of
mannose compared with those of native RTA. Native RTA
consists of two forms with identical protein sequences but with
different apparent molecular weights of 33,000 and 30,000,
which we have termed RTA33 and RTA30, respectively (34-38).
The ratio of RTA30 to RTA33 varies from 2:1 to 3:1. These
forms have been partially (37, 38) or completely (35) separated,
and their carbohydrate compositions and structures have been
studied. From their compositions and susceptibility to endogly-
cosidases and to anti-mannosidase it was concluded that
both forms of RTA contain an oligosaccharide with the com
position (GlcNac)2(Man)3_4XylFuc, but that RTA33 also con
tains a high-mannose oligosaccharide with the composition
(GlcNac)2(Man)4-6 (20, 37).

Based upon its composition, the common oligosaccharide
was assumed to have a structure similar to that reported for
pineapple stem bromelain oligosaccharide (39). This structure
does not contain the trimannosidic core recognized with high
affinity by hepatic reticuloendothelial cells (40) and known to
be essential for binding to concanavalin A (41). In contrast, it
was believed (20, 37) that the high-mannose oligosaccharide
unique to RTA33 contains the trimannosidic core and thus,
unlike RTA30, is able to bind to concanavalin A (35, 37).

On the basis of these differences, it seemed likely that RTA30
would be less avidly bound by cells in the liver with resultant
longer survival in the blood both for itself and for immunotoxins
made with it. Consequently, we developed a procedure for large-
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scale purification of RTA30 and RTA33, synthesized immuno-
toxins using each form, and studied their pharmacokinetics as
well as tumor and tissue distributions. Our data show that the
RTAjo immunotoxin is less localized in the liver than its
counterpart and, as a probable consequence, exhibits prolonged
survival in the blood and improved localization in tumor
xenografts.

MATERIALS AND METHODS

RTAjo and RTA33.Ricin was extracted from macerated castor beans
with PBS, pH 7.2. The extract was clarified by centrifugaciÃ³n, and the
fat-free supernatant was removed by aspiration. Crude ricin was precip
itated with 60% ammonium sulfate and resolubilized with PBS.

After extensive dialysis against PBS, the clarified solution was ap
plied to a column of Sepharose 4B (Pharmacia, Piscataway, NJ). Ricin
bound weakly and was eluted with PBS as a slightly retained broad
peak. The ricin was then applied to an acid-treated Sepharose 4B
column (42), which effectively binds the toxin. Ricin A chain was
reduced from the bound toxin by application of 7% mercaptoethanol
in Tris-HCl buffer, pH 7.8, and the solution was dialyzed against PBS
to remove residual reducing agent. Contaminating whole ricin toxin
and ricin B chain were removed by passing the RTA solution through
a second acid-treated Sepharose 4B column. Residual traces of RTB
were finally removed by passage through an immunobilized anti-RTB
antibody column.

Purified RTA was adsorbed to an S-Sepharose Fast Flow column
equilibrated with 20 mM Na acetate, pH 5.5. RTA30 and RTA33 were
selectively eluted as two distinct peaks with a 10-column volume linear
gradient composed of equal volumes of 20 mM sodium acetate, pH 5.5,
and 20 mM sodium phosphate-90 mM sodium chloride, pH 7.5. Purified
RTA33 and RTA30 were concentrated via diafiltration using M, 10,000
cutoff membranes, made 10 MMin 2-mercaptoethylamine, and stored
in 10% glycerol at -20Â°C.The methods for analyzing the carbohydrate
composition of RTA30 and RTA33 will be described elsewhere.4

Monoclonal Antibody. The 79IT/36 murine IgG2b monoclonal an
tibody (43, 48) recognizes a M, 72,000 tumor-associated glycoprotein
found on the surface of many human tumor cells (44-46). It was
produced using an Accusyst hollow fiber bioreactor (Endotronics, Min
neapolis, MN) and purified using Protein A Avidgel (Bioprobe, Tustin,
CA). The antibody was further purified by adsorption onto a Q-
Sepharose Fast Flow column (Pharmacia, Piscataway, NJ) and elution
with 10 mM Tris-HCl, 200 mM NaCl, pH 8.O.

Preparation of ITMand IT33.79IT/36 antibody (2 mg/ml) was reacted
with a 4.5-molar excess of /V-succinimidyl-3-(2-pyridyldithio)
propionate in 0.1 M sodium phosphate-0.1 M sodium chloride, pH 7.5,
for 20 min at 20Â°C.The reaction mixture was diafiltered with 10

volumes of 10 mM Tris-HCl, 0.15 M NaCl, pH 8.0, to remove uncon-
jugated 7V-succinimidyl-3-(2-pyridyldithio)propionate and then mixed
with a 5-fold molar excess of freshly reduced RTA30 or RTA33. The
conjugation reaction was incubated for 4 h at 20Â°Cand then 18 h at
4Â°C.Residual 2-thiopyridyl groups were removed by the addition of 2-

mercaptoethylamine.
Purification of ITÂ»and IT33. Residual, unconjugated RTA was re

moved from the immunotoxin by diluting the reaction mixture with 20
mM Tris-HCl, pH 8.0 (5 parts reaction mixture, 3 parts Tris buffer),
and loading the diluted sample onto a Q-Sepharose Fast Flow column
equilibrated in 10 mM Tris-HCl, 0.09 M NaCl, pH 8.O. Under these
conditions free RTA flowed through the column. Immunotoxin was
subsequently eluted with 10 mM Tris-0.25 M NaCl, pH 8.0. The
immunotoxin solution was adjusted to l M(NH4)2SO4 and loaded onto
a phenyl-Sepharose column. Free antibody, mono-, and poly-RTA
immunotoxins were eluted using a decreasing linear gradient consisting
of 1.0 to 0.1 M (NH4)2SO4 in 10 mM sodium 2-(7V-morpholino)
ethanesulfonate, pH 6.O. Appropriate fractions were pooled, dialyzed
against PBS, and adjusted to approximately 1 mg/ml. Analysis of the
immunotoxins was carried out using a linear 3-7.5% sodium dodecyl

* D. Burke el al., manuscript in preparation.

sulfate-polyacrylamide gel electrophoresis followed by Coomassie blue
staining and densitometry analysis.

Reticulocyte Lysate Assay. This in vivo protein synthesis assay was
performed essentially as described by Press et al. (47), except that
[14C]leucinewas used as the radiotracer and the incubation time was 80

min.
Cytotoxicity Assays. The cytotoxicity of RTA30 and RTA33 was

determined using the human T-cell leukemia cell line HSB-2 (CCL
120.1; American Type Culture Collection, Rockville, MD). Serial di
lutions of each RTA ranging from 10 Mg/ml to 3.2 ng/ml were prepared
in leucine-free RPMI 1640 containing 10% heat-inactivated PCS, 2

mM glutamine, and 0.01 mg/ml gentamicin (LI640 PCS), and aliquots
(100 MÂ¡)were added to microtiter wells containing IO5 HSB-2 cells in
100 n\ L1640 FCS. After incubation at 37Â°Cfor 20 h, [3H]leucine (1

/Â¿Ci/well)was added, the cells were harvested 4 h later on glass filters,
and their radioactivity was determined by cascade gas ionization using
a Trace 96 counter (Inotech Biosystems International, Lansing, MI).
The IC50was calculated as the concentration of immunotoxin necessary
to inhibit the incorporation of radioactivity by 50% relative to control
cells incubated without immunotoxin.

The cytotoxicities of IT30 and IT33 were determined using 79IT
osteosarcoma cells that express the antigen recognized by 79IT/36
monoclonal antibody (49). Aliquots of a suspension of 79IT cells (4 x
105/ml) in RPMI 1640 containing 10% heat-inactivated fetal calf

serum, 2 mM glutamine, and 0.01 mg/ml gentamicin (1640 FCS) were
added to microtiter wells containing appropriate dilutions of the IT30
and IT33 in 1640 FCS. After incubation at 37Â°Cfor 42-48 h, [3H]-

thymidine (1 ^Ci/well) was added. Following an additional 18-h incu
bation, the supernatant was removed, trypsin-EDTA was added, and
the cells were subsequently harvested onto glass filters. The cell asso
ciated radioactivity was determined by scintillation counting. The IC50
was calculated as described above.

lodination. RTA3o, RTA33, IT30, and IT33 were radiolabeled using
lodo-Gen (l,3,4,6-tetrachloro-3a,6a-diphenylglycouril; Sigma, St.
Louis, MO) (50). The lodo-Gen was dissolved in dichloromethane (1
mg/ml), and the volume containing 1 mg lodo-Gen/10 mg of protein
to be labeled was added to a glass vial. After evaporation of the
dichloromethane with a stream of nitrogen, a solution of RTA30, RTA33,
ITjo, or IT33 in PBS, pH 7.5, was added. Radioactive [131I]- or
[I25l]sodium iodide (New England Nuclear, Boston, MA) was then

added to achieve a level of 1 Â¿Â¿Ci/Mgof protein. The solutions were
incubated for 30 min at room temperature with occasional swirling.
Unreacted radiolabel was removed using a 5-ml centrifuge column
prepared with Sephadex G50 equilibrated in PBS. RTA30 and RTA33
were both labeled with 125I;in each case 99% of the radioactivity was

precipitable with trichloroacetic acid. The specific activities of RTA30
and RTA33 were 0.62 and 1.48 nCi/ÃŸg,respectively. IT30 was labeled
with I25I,and 94% of the radioactivity was precipitable with trichloro
acetic acid. The IT33was labeled with 'â€¢"!,and 98% of the radioactivity

was precipitable with trichloroacetic acid. The protein concentration
for each immunotoxin was determined by the bicinchoninic acid protein
assay (Pierce Biochemicals, Rockford, IL). The specific activities of the
IT3o and the IT33 were determined to be 0.57 and 0.95 ^Ci/Mg,
respectively.

Animal Studies. Two groups of 12 BALB/c mice (20-25 g) were used
for the RTA biodistribution studies. Each animal received a single i.v.
dose of '"I-labeled RTA30 or RTA33 (2.5 MCiin 150 MlPBS). At 3, 15,

45, and 90 min after injection, groups of 3 mice were bled to obtain a
serum sample and then sacrificed. The kidneys and livers were removed
and weighed, and their radioactivity was determined. These data were
used to calculate the percentage of injected dose in each organ and in
the total serum volume (assumed to be 0.045 ml/g body weight).

Female BALB/c (nu/nu) mice weighing 20-25 g were used for the
IT biodistribution studies. Each animal received a s.c. implant of 1 x
IO7cells of the C170 human colorectal carcinoma cell line in 100 ti\ of

culture media in the right flank. Three weeks after implantation, the
xenografts were well established (~200 mg), and the study was initiated.
The mice were divided into 10 groups of 3 animals each. 125I-IT30and
mI-IT33 were mixed in PBS with 0.1 % polysorbate 80 and administered
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to each animal in a single i.v. dose (150 ^1 containing 7.2 Â¿ig125I-IT30
and 7.2 j/g 13'I-IT33)via the tail vein. Groups of 3 mice were sacrificed

at 3, 15, 30, 45, 90, 180, 360, 960, 1440, and 2880 min, and the
biodistribution of each isotope was determined. At the times indicated,
the animals were weighed and anesthetized with Metofane (Pitman-
Moore, Inc., Washington Crossing, NJ), and a blood sample was taken
by cardiac puncture. The animals were then perfused, via the left
ventricle of the heart, with cold PBS containing heparin (1 unit/ml) to
remove most of the circulating blood pool from the tissues. Tumor,
spleen, kidneys, liver, and one hindquarter were removed and weighed.
These tissues or portions thereof, as well as an aliquot (100 Â¿il)of
serum, were counted for 1251and 13'I using a Compugamma counter

(1282; LKB, Uppsala, Sweden) and set for dual isotope counting,
automatic decay, background, and spillover correction for both iso
topes. Averages (Â±SD)of the data from three mice for each group were
determined and expressed as the percentage of injected dose/g tissue.
The serum volume in each mouse was assumed to be 0.045 ml/g body
weight. Trichloroacetic acid precipitation studies demonstrated that
>90% of the radioactivity at any time point was protein associated.

Pharmacokinetics parameters were calculated from the serum radio
activity data using a two-compartmental analysis (Rstrip; MicroMath
Scientific Software, Salt Lake City, UT). A two-way analysis of variance
was also performed on the tumor localization data (SuperANOVA;
Abacus Concepts, Berkeley, CA).

RESULTS AND DISCUSSION

RTAM and RTA33. As shown in Fig. I, ion-exchange chro-
matography of RTA under the conditions described herein
results in the isolation of essentially homogeneous preparations
of its two components, RTA.,0 and RTA33. The properties of
those glycoproteins, summarized in Table 1, are similar to those
reported previously for partially or fully purified RTA, and
RTA2, respectively (35, 37). The carbohydrate content of RTA33
is more than double that of RTA30. The compositions of
the carbohydrates are consistent with the suggestion (20, 37)
that each form possesses a common oligosaccharide of compo
sition (GlcNac)2(Man)3XylFuc, whereas RTA3, also possesses
an additional high-mannose oligosaccharide. From our
data, the composition of this oligosaccharide would be
(GlcNac)2(Man)3.5Xyl.

Recently, the structure of the common RTA oligosaccharide
was reported to be M3FX, which is linked to Asn-10 (51, 52).
However, the additional oligosaccharide at Asn-236 in a Mr

12.5% Gel

Table I Properties of RTAM and RTA,,

MolecularweightProtein
synthesis ICM(pM)Cell

cytotoxicity(nin)LD50
(mg/kg)"Carbohydrate

content (%w/w)Carbohydrate
composition(moles

sugar/moleRTA)GlcNAcManXylFucRTAjo30,0005.414.417.03.42.1
(Â±0.21)*2.9

(Â±0.37)1.0
(Â±0.26)0.9

(Â±0.18)RTAJ333,0005.925.922.57.83.9e5.61.91.1
" LD5o, single i.v. dose causing 50% lethality in mice.
* Mean Â±SD (n = 4).
' Mean of two determinations.

32,000 form of RTA was also reported to be M3FX (52). These
results are surprising because M3FX contains the trimannosidic
core known to be required for binding to concanavalin A (41).
Thus, both RTA30 and RTA33 would be expected to bind to
concanavalin A, whereas only RTA33 does so (Refs. 35, 37; data
not shown). Studies in our laboratories4 have confirmed the
presence of M3FX on peptides containing Asn-10 and Asn-
236. However, additional oligosaccharides with higher mannose
content were detected in the Asn-236 peptide derived from
RTA33. These oligosaccharides could be the cause of the binding
of RTA33 to concanavalin A (Ref. 37; data not shown).

As reported previously (35), the activities of the two forms
of RTA in inhibiting the growth of cell lines and cell-free protein
synthesis were very similar. However, in contrast to previous
reports, the single i.v. dose (mg/kg) of RTA30 causing 50%
lethality in mice was lower than that of RTA33. This difference
is probably a consequence of the very different initial tissue
distributions of the two forms of RTA in mice (Fig. 2). As
predicted from its high mannose content, RTA33 was rapidly
taken up by the liver so that 52% of the radioactivity in the
injected dose of 125I-labeled protein was located therein 3 min

after injection. In contrast, only 20% of the injected radioactive
dose of RTA3o was present in the liver at 3 min, with 48%
present in the serum at that time. The lower uptake of RTA30
by the liver, possibly mediated by residual sugars (54), is accom
panied by a higher uptake by the kidney and (most likely)
excretion in the urine.

3-7.5% Gel

RTA RTA30 RTA33 Ab Rxn ITso

Fig. 1. Sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis analysis of RTAs and
ITs. Samples of RTA, RTA30. and RTA33 were
analyzed on a 12% gel. Samples of the monoclo
nal antibody 79IT/36 (Ab), the unfractionated
reaction mixture (Rxn) in the preparation of
IT30,and the purified ITMand 1T33were analyzed
on a 3-7.5% gradient gel. The gels were stained
with Coomassie blue.

--3 RTA/Ab

-2 RTA/Ab

~1RTA/Ab

~Ab
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Biodistribution of 125IRTA30

o
o

I

15 45
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Biodistribution of 125IRTA33

50
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Fig. 2. Biodistribution of radiolabeled RTA30 and RTA33. '"[-labeled RTAW

or RTA33 was injected i.v. into male BALB/c mice. Groups of 3 mice were
sacrificed at the specified time intervals; samples of serum, liver, and kidney were
obtained; and their radioactivity was determined as described in "Materials and
Methods." These data were used to calculate the percentage of the injected dose

in each tissue/organ (mean Â±SD).

IT.TOand IT33. The strikingly lower uptake of RTA30 than
RTAjj by the liver suggested that immunotoxins constructed
with RTAjo would also be less subject to hepatic clearance, with
resulting longer plasma half-lives. Consequently, immunotox
ins were constructed between RTA30 or RTA33 and the antitu-
mor monoclonal antibody 791T/36 (42). The conjugation prod
ucts were fractionated to yield monoconjugates (IT30 and IT33,
respectively), i.e., one RTA per antibody molecule, with mini
mal contamination of RTA, unconjugated antibody, or di-,
tri-, and polyconjugates (Fig. 1). This was done in order to
simplify the interpretation of serum pharmacokinetics and tis
sue distributions of 125I-or '-"I-labeled immunotoxins, since

unconjugated monoclonal antibodies and free RTA are cleared
from the plasma much more slowly and much more quickly,
respectively, than RTA immunotoxins (28). In addition, im-
munotoxin polyconjugates have been reported to be cleared
from the serum of mice more rapidly than monoconjugates
(53).

Following the removal of unreacted RTA by ion-exchange
chromatography, the monoconjugate species of IT30 and IT33
were purified by Hydrophobie interaction chromatography on
phenyl-Sepharose. A representative chromatogram for IT30 is

shown in Fig. 3. Under the conditions employed, free antibody
is eluted first, followed by peaks composed of monoconjugate,
then disconjugate, and lastly >triconjugate. The purified IT30
and IT33 monoconjugates contained <3% free RTA and <4%
free antibody. They had similar cytotoxicities against 791T cells
in vitro; the IC5oSfor IT30 and IT33 were 19.4 and 18.7 ng/ml,
respectively.

IT30 and IT33 were labeled with 125Iand I31I, respectively,

mixed, and administered i.v. to nude mice bearing s.c. C170
tumors. The time courses of the distributions of 125Iand I31I

radioactivities to serum, tumor, liver, kidney, hindquarter, and
spleen are expressed as a percentage of injected dose/g in Fig.
4. As expected from the results obtained with RTA30 and
RTA33, the serum pharmacokinetics and the tissue distributions
of the radioactivity from I-labeled IT30 and IT33 differed greatly
from one another. The serum radioactivity data were fitted to
a two-compartment pharmacokinetic model which yielded the
parameters shown in Fig. 4. Whereas the calculated ÃŸphase
half-lives for the two ITs were similar, the a phase half-life was
nearly 3-fold longer for IT30 than for IT33, resulting in a 3-fold
increase in the area under the serum concentration versus time
curve at infinite time after injection.

At time intervals up to 6 h, the major localization of IT30
was in the serum with lesser amounts in the liver and spleen.
In contrast, the highest localization of IT33was in the liver with
lesser amounts in the serum and spleen. Thus, IT33 localized
mainly in the reticuloendothelial system organs, whereas IT30
remained longer in the serum. Of most interest was the differ
ence between localization of the two immunotoxins in the
tumors. IT30 rapidly accumulated in the tumors within the first
hour and continued to be accumulated therein for the remainder
of the study, whereas IT33 localization remained relatively con
stant. Thus, the extent of IT30 localization in tumors was
significantly greater (P = 0.0001) than for IT33.

The differential accumulation of IT30 and IT33 in tissues was
clearly evident from the tissue:serum ratios (Fig. 5). Interest
ingly, the tumonserum ratios were similar for the two immu
notoxins, suggesting that the mechanism by which they were
localized into the tumor from the blood was the same. Presum-

0.18-

|

I
0.08

-0.02
20 40

Fraction

60 80

Fig. 3. Fractionation of IT30 on phenyl-Sepharose. The IT30 conjugation
reaction mixture was first applied to a column of Q-Sepharose to remove un
reacted RTAÂ».The eluted mixture of antibody and IT was then adjusted to l M
(NH4)2SO4 and loaded onto a column of phenyl-Sepharose. Following the appli
cation of a decreasing linear gradient (1.0 to 0.1 M) (NH4)2SO4, 8.5-ml fractions
were collected. Analysis of column fractions by nonreducing sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (5% gels) indicated that samples eluted
in the following order: free antibody (fractions 23-34); ITM monoconjugate
(fractions 43-51); diconjugate (fractions 54-61); triconjugate (fractions 63-68);
and > tetraconjugate (fractions 69-79).
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20 24 244 a 12 16 HI zÂ« 0 4 8 12 16
TimÂ«after Injection (hourt) Tim< aller injection (houri)

Fig. 4. Biodistribution of radiolabeled ITM and ITJ3 in BALB/c nude (nu/nu) mice bearing C170 human colorÃ©ela!carcinoma xenografts. Tumor-bearing mice
received a single i.v. dose of a mixture of 131I-ITMand '"I-IT,,. At the specified intervals, groups of 3 mice were anesthetized, bled, and perfused with PBS. Tumor,
spleen, kidney, liver, and one hindquarter were removed, weighed, and counted for iodine radioactivity as described in "Materials and Methods." Averages of the data

(Â±SD)from three mice were determined and expressed as percentages of injected dose/g tissue (or ml blood).

ably this occurred in an antigen-dependent fashion via the cells of the reticuloendothelial system (39).

monoclonal antibody 79IT/36 common to each immunotoxin.
In contrast, IT.,., was localized from the blood into the liver and
spleen far more than IT30, reflecting interaction of the high-

mannose carbohydrate of RTA33 with mannose receptors on

Summarizing our results, RTA30, the low-carbohydrate form
of natural RTA, accumulated less in the liver than the high-

mannose form RTA.u. Immunotoxins constructed with each
form of RTA had similar activities in vitro but differed dramat-
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Ãœ 0.4

H IT30
â€¢ II '

005 0.25 0.5 0.79 1.5

Fig. 5. Tumonserum ratios of radiolabeled
ITÂ»and IT)3 in C170 tumor-bearing mice. Data,
obtained as described in Fig. 4. are expressed as
the tissue:serum radioactivity ratio derived from
the percentage of injected dose/g tissue (or ml
blood).

TIME AFTER INJECTION (HOURS)

0.03 0.23 0.3 0.73 1.5 3 6 16 24
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ically in vivo. IT30 reflected the tissue distribution properties of
RTAjo and, importantly, was cleared far more slowly from the
blood than the corresponding IT3i. This resulted in higher
accumulation of IT30 in tumor xenografts. Since native RTA is
a mixture composed of both RTA30 and RTA33, we would expect
such ITs to exhibit properties intermediate between those of
IT30 and IT33. Indeed, we and others (54) have demonstrated
that IT30s exhibit prolonged pharmacokinetics relative to the
corresponding native RTA constructs.5

In conclusion, although differential stabilities of IT30 and
IT33 must also be considered, our results are fully consistent
with the notion that the improved pharmacokinetics and tumor
localization of IT30 result directly from the in vivo characteris
tics of the RTA3o moiety. Studies to determine whether this
enhanced tumor localization in turn results in higher antitumor
activity are in progress.
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