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ABSTRACT

The antitumor effects of two anti-CD22 ricin A chain-containing
immunotoxin (IT) constructs were compared in mice with severe com
bined immunodeficiency disease with human Daudi cell tumors (SCID-
Daudi mice). SCID-Daudi mice develop disseminated lymphoma that
clinically resembles African Burkitt's lymphoma, i.e., extranodal disease

including infiltration of the vertebral column and spinal canal. In the
absence of treatment, the mean survival time of SCID-Daudi mice was
45.9 Â±4.3 days. The mice were given injections of a dose of IT equal to
40% of the 50% lethal dose. The ITs consisted of either IgG or Fab'
fragments of mouse anti-CD22 antibody coupled to deglycosylated ricin
A chain (dgA). Both ITs were potent and specific and inhibited protein
synthesis in Daudi cells in vitro by 50% at concentrations of 1.2 x III ' '
(IgG-dgA) and 1.3 x III"" M (Fab'-dgA). When administered to mice

beginning 1 day after inoculation with tumor cells, both ITs extended the
mean survival time, to 87.2 Â±18.9 days (IgG-dgA) or 57.9 Â±3.8 days
(Kab'-dgA). The latter represented the killing of 2 logs of Daudi cells,

and the former 4 logs. IgG antibody alone killed 1 log of tumor cells.
The IgG-dgA had an antitumor effect even Â»henadministered 20-23
days after tumor inoculation. Gross and histological examinations of II-
treatcd tumor-bearing mice showed a marked decrease in the number and
size of neoplastic foci in both lymphoid organs and extranodal sites.

INTRODUCTION

We have developed two highly potent second-generation IT3

constructs, which are currently being evaluated in Phase I/II
clinical trials in humans with refractory non-Hodgkins (B-cell)
lymphoma ( 1). These ITs are directed against the CD22 antigen,
which is present on neoplastic B-cells from the majority of
patients with non-Hodgkins lymphoma (1,2). One IT consists
of a Fab' fragment of a monoclonal murine anti-CD22 antibody

(RFB4) linked by a natural cysteine-cysteine disulfide bond to
chemically deglycosylated ricin A chain (Fab'-dgA) (3). The

other contains IgG-anti-CD22 linked to dgA by a heterobifunc-
tional cross-linker containing a hindered disulfide bond, N-
succinimidyl-oxycarbonyl-rt-methyl-a(2-pyridyldithio)toluene
(4) (IgG-dgA) (5). The Fab'-dgA has the same ICso/'w vitro on
CD22+ Daudi cells as ricin but is 105-fold more specific (6). It

has low immunogenicity in rhesus monkeys (Vitetta et al.,
unpublished observations) and a rapid / in mice (3) and hu
mans (1). Its I,I),,, in mice is 6-fold higher than that of IgG-
dgA and at a comparable percentage of the LD50 a 12-fold
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higher concentration of dgA can be administered in vivo. IgG-
dgA has the advantages of greater in vivo stability, 5-10-fold
higher potency in vitro, and a prolonged serum half-life (5).

Phase I/II trials in humans are designed to treat refractory
patients, usually with bulky tumor. Since ITs will be optimal in
the treatment of minimal residual disease, it is difficult to
compare the efficacy, optimal dose regimens, and other thera
peutic modalities in humans under conditions of Phase I pro
tocols. Therefore, we have developed a murine model of dissem
inated B lymphoma in mice, in order to compare the two IT
constructs in the therapeutic setting of minimal disease. SCID
mice given i.v. injections of Daudi cells develop disseminated
tumor growth in lymphoid organs and many extranodal sites,
in a pattern similar to African Burkitt's lymphoma. Death of

the mice follows paralysis caused by tumor cell invasion of the
spinal cord (7).

The purpose of the present study was to compare the two
anti-CD22 ITs in the SCID-Daudi mice. Our results indicate

that both ITs, as well as IgG antibody alone, show considerable
efficacy but that the IgG-dgA construct has a 2-3-log advantage

in killing tumor cells in these mice. Furthermore, both ITs
effect tumor cell growth in extranodal sites.

MATERIALS AND METHODS

Cells. The in vitro adapted surface IgM* human Burkitt's lymphoma
cell line Daudi (8) was maintained by serial passages in KI'MI 1640
medium containing 10% heat-inactivated fetal bovine serum, 100 units/
ml penicillin, 100 Â¿ig/mlstreptomycin, and 100 mM L-glutamine (com
plete medium). The cells were grown in a humidified atmosphere of
5% CÃ›2and air. Cells were washed, and the cell suspension was adjusted
to an appropriate concentration for inoculation. Viability of the cells
was determined by Trypan blue exclusion.

Animals. The SCID mice, obtained either from our colony or from
the University of Wisconsin colony, were housed and maintained in
modified barrier facilities by the Animal Resources Center. The two
sources of mice were necessary' to ensure a continuous supply. Six- to
10-week-old SCID mice (either male or female) were given injections,
in the tail vein, of 5 x IO6 Daudi cells in 0.1 ml of Hanks' balanced

salt solution.
Antibodies. Mouse IgGl monoclonal antibody specific for CD22

(RFB4) and purified isotype-matched (IgG 1) myeloma protein (MOPC-
21) (control) were used (9). RFB4 was prepared by Abbott Biotech
(Needham Heights, MA), and the MOPC-21 myeloma protein was

obtained from Cappel (West Chester, PA).
Ricin A Chain. dgA was prepared as described previously (10) and

was purchased from Inland Biologicals (Austin, TX).
Immunotoxins. Two different anti-CD22 IT constructs, RFB4 (IgG)-

dgA and RFB4 (Fab')-dgA, were used for in vivo therapy of SCID-

Daudi. These ITs were prepared as described previously (11). The
purity of the IT-dgAs was determined by electrophoresis under nonre-
ducing and reducing conditions on 7.0% sodium dodecyl sulfate-poly-
acrylamide gels (12) and by gel permeation high performance liquid
chromatography on an analytical 7.5- x 600-mm TSK 3000SW column

(Spherogel) (Pharmacia).
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Cytotoxicity Assays. The cytotoxic activity of ITs was determined on
Daudi cells using the ['Hjleucine incorporation assay described previ
ously (6). Cells (IO5), in 20 n\ of leucine-free RPMI 1640 medium

containing 10% fetal calf serum, glutamine. and antibiotics, were dis
tributed into triplicate wells of 96-well microtiter plates containing 100
ii\ of medium and concentrations of IT ranging from 10~" to IO"8 M.
Plates were incubated for 24 h at 37Â°C.Cells were pulsed for 4 h, at
37Â°Cin 5% CO2, with 5 Â¿iCiof [3H]leucine (Amersham, Arlington

Heights, IL). Wells were harvested on a Titertek cell harvester (Flow
Laboratories, Rockville, MD), and the radioactivity was counted in a
liquid scintillation counter. The percentage of reduction in [-'H)Ieucine

incorporation, compared with that of untreated controls, was used to
assess killing.

Cell-free Rabbit Reticulocyte Assay. The procedure was a modifica
tion of that described by Press et al. (13) and was used to determine
the activity of dgA in the ITs used for therapy. Freshly thawed and
supplemented rabbit reticulocyte lysate was incubated for 15 min at
room temperature with serial dilutions (10~7 to 10~12M) of reduced
IT-A. [15S]Methionine (5 nC\) was added and incubated for 20 min at
room temperature. The 96-well microtiter plates were harvested, and
the incorporated radioactivity was determined. dgA was used as the
positive control.

Determination of the LDÂ«of ITs in Mice. The LD50 of both ITs in
20-g BALB/c or SCID mice was determined as previously described
(14). Groups of 4 normal mice (8-10 weeks old) were given i.p.
injections of 0.2, 0.4, or 0.6 mg of IT. The mice were weighed prior to
injection and daily thereafter and were observed for 7 days. The LD50
values were determined by plotting the percentage of mortality versus
the injected dose.

Immunotoxin Therapy. A total of 113 SCID mice were inoculated
with Daudi cells 24 h prior to IT treatment. Mice were then given
retro-orbital injections of a total of 40% of the LD50 (Table 1) of either
one of the ITs described above, given in four equal doses on days 1, 2,
3, and 4 or on days 1, 2, 5, and 6.

Mice were observed daily for the onset of posterior paresis, paralysis,
or death. Gross and microscopic examinations were performed on
groups of sacrificed animals. Excised tissues were fixed in 10% buffered
formalin, embedded in paraffin, sectioned, and stained with hematox-

ylin and eosin.

RESULTS

Characterization of ITs. Characteristics of the two ITs used
in this study are described in Table 1. The Fab'-dgA had a

lower affinity for cells, had a shorter half-life, and was less toxic
for mice (a higher LD50) than the IgG-dgA. The Fab'-dgA was

10-fold less toxic to Daudi cells in vitro, as determined from its
IC.,o.

Effect of ITs on MST. As shown previously (7), the MST of
mice inoculated retro-orbitally with Daudi cells was dependent
upon the dose of cells administered. In the present studies, we
injected tumor cells into the tail vein. To construct a dose-
dependent survival curve using this route of administration,
SCID mice from the Wisconsin colony and from our own SCID
colony were inoculated with different numbers of Daudi cells
(IO2 to IO7) and survival was determined. A linear relationship

Table 1 Characterization of Â¡mmunotoxinsused in the treatment of SCID-Daudi
mice

RFB4-dgA immunotoxins

110

ParameterMolecular

weight
Affinity (x 10" M)
Killing of CD22* cells, 1CÂ»(xIO'"
M)LDW

(Â¿ig/gmouse)
Half-life in normal mice (ÃŸ

phase) (h)IgG180,000

9.1
0.121434Fab'80,000

1.4
1.380

1.5

1CT3 104 105 106

CELL NUMBER INOCULATED
10

75

65-

55-

a:
o
z-i.
UJ
2

35-

25
10*5 104 105 106

CELL NUMBER INOCULATED

Fig. 1. A, survival of SCID-Daudi mice given injections of different doses of
Daudi cells. â€¢¿�,University of Texas colony; A, Wisconsin colony. B, onset of
paralysis in SCID-Daudi mice given injections of different doses of Daudi cells.
â€¢¿�,University of Texas colony; A. Wisconsin colony. Cells were inoculated in the
tail vein. Each point on the curve represents the average value of 4-6 mice, with
the SD as bars.

was obtained when the log dose of Daudi cells was plotted
against the MST (Fig. IA). From this curve (and depending
upon the source of the SCID mice used in a particular experi
ment), we could estimate the number of tumor cells that were
killed in vivo after treatment with the ITs. Despite the differ
ences in MST between the two types of SCID mice, the differ
ences between experimental and control groups in all experi
ments were similar regardless of the source of the mice. Exper
iments indicated that a consistent clinical finding in all mice
inoculated i.v. with Daudi cells was posterior paresis and pa
ralysis prior to death (7). Thus, alterations in the MPT might
also represent an accurate measurement of the antitumor effect
following treatment with the ITs. A dose-dependent paralysis
curve was constructed using SCID mice either from the Wis
consin colony or from the University of Texas colony. A linear
relationship was obtained between the log dose of Daudi cells
injected and the MPT (Fig. IB).

Table 2 summarizes the MST, the MPT, and the estimated
percentage of cells killed by IgG-dgA or Fab'-dgA. The data
demonstrate that IgG-dgA was more effective in extending both
the MST and MPT than was Fab'-dgA (P < 0.05) but that both

ITs significantly prolonged MST, compared with untreated
controls (P < 0.01). A control IgG-dgA had no significant
effect. As determined from Fig. \A, 97.8% (2 logs) of tumor
cells were killed by treatment with Fab'-dgA and 99.998% (4-

5 logs) of tumor cells were killed by treatment with IgG-dgA
(average of eight experiments). In one of three experiments
where there was a MST of > 100 days in mice given injections
of IgG-dgA, 2 of 5 mice in the group were still alive 220 days
after tumor inoculation (Fig. 2).
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Table 2 Effect of treatment with immunotoxins on the mean survival time

Killing ut 11.nuli
Treatment MST (days)" MPT (days)4 cells (%)*

Control
PBS
MOPC-21-dgA

45.9 Â±4.3 (28)' 31.1 Â±1.8(26)'

28.9 Â±3.5 (8)

RFB4 immunotoxins''
Fab'-dgA 57.9 Â±3.8 (38) 42.6 Â±3.2 (24)
IgG-dgA' 87.2 Â±18.9 (39) 67.0 Â±5.2 (25)

97.8
99.998

Â°Average of eight experiments.
* Extrapolated from the survival curve.
' Numbers in parentheses are the number of mice scored either for death

or for paralysis.
''The difference between both ITs (either MST or MPT) and the PBS or

MOPC-21-dgA control was statistically significant (P s 0.01, using the Student
t test).

'The MST and MPT of IgG-dgA are statistically significant (P s 0.05),
compared with Fab'-dgA.

Effect of Antibodies and Immunotoxins on Tumor Growth. In
preliminary experiments, Fab' fragments of RFB4 had no effect

on tumor growth but the IgG had a significant antitumor effect.
Table 3 summarizes the MPT and the percentage of cells killed
by IgG (RFB4), in comparison with IgG-dgA (Experiment 1)
or in comparison with both ITs (Experiment 2).

The results show that IgG antibody alone was effective in
prolonging the MPT. However, both ITs killed tumor cells
more efficiently than antibody and, as shown in the experiments
summarized in Table 2, the IgG-dgA was more effective than
the Fab'-dgA.

Effect of ITs on Mice Given Injections at Different Intervals
after Tumor Cell Inoculation. We determined whether treatment
with the most potent IT (IgG-dgA) or antibody alone could
prolong the onset of paralysis, when given at later stages of
tumor growth. Mice received four doses of IT or antibody
between days 1 and 4, 10 and 13, or 20 and 23 after injection
of Daudi cells.

As shown in Table 4, the optimal antitumor effect of the
IgG-dgA was achieved by injecting the ITs very early after
tumor inoculation. However, the IT displayed a significant
antitumor effect when injected as late as 20-23 days after tumor

challenge. At this stage, tumors were detectable macroscopically
and tumor-infiltrated organs were enlarged (see below). The

antitumor effect of antibody occurred independently of when it
was administered.

Effect of Treatment with ITs on Development of Tumor at
Different Sites. Since compression of the spinal cord by tumors
is responsible for paralysis, it was important to determine
whether the effect of ITs on tumors in the spinal cord was
representative of their effect on other sites of tumor involve
ment. For this purpose, extensive pathological examinations
were carried out on 83 mice given injections of either Fab'-dgA

or IgG-dgA. Examination included macroscopic evaluation (all
mice) and determination of organ weight and microscopic
analysis of tissues (16 mice).

Macroscopic Evaluation. As described previously (7), Daudi
cells grew in many tissues, including spleen, bone marrow, lung,
kidney, ovary, vertebral column, and adipose tissue around the
teeth, and in the meninges. By gross examination, 85% of the
mice developed tumors in ovaries and 94% developed tumors
in kidneys, whereas only 63% had tumors in lung and along the
ventral portion of the vertebral column. Tumor nodules were
found in the perirenal adipose tissue in 23% of the mice (Table
5). The IgG-dgA was more effective than the Fab'-dgA in

decreasing macroscopically detectable tumor.

Weight of Organs. As shown in Table 6, the changes in the
weight of organs such as kidney and ovary on days 25 and 39
reflected the tumor growth in those organs. The IgG-dgA was
more effective than the Fab'-dgA in reducing tumor growth

and both ITs reduced tumor growth in non-nodal sites, partic
ularly in the ovaries.

HistolÃ³gica! Examination. All animals, both control and
treated, had microscopic evidence of neoplasia. Tissues affected

:RCENTSURVIVAL-i*-

enooo0000Q_20-

n.tÃ kk

Ã A

1 1 1â€”><i

4t

câ€”¿�iâ€”¿�^Â»

Hi-OOf~\UÂ»1

â€”¿�lâ€”¿�iâ€”¿�lâ€”¿�iâ€”¿�iâ€”¿�iâ€”¿�iâ€”¿�

20 40 60 80 100 120 140 160 180 200 220

SURVIVAL TIME (days)
Fig. 2. Effect of the two IT constructs on SCID-Daudi mice given injections

1, 2, 3, and 4 days after tumor cell inoculation (total dose = 40% of the LDW).
This is one of eight experiments averaged in Table 3. A. mice given injections of
PBS (control); â€¢¿�,mice given injections of Fab'-dgA; O, mice given injections of
IgG-dgA.

Table 3 Comparative effect ofRFB4-IgG versus ITs on the onset of paralysis and
the killing of tumor cells

Expt.12Treatment"PBS

IgG
IgG-dgAPBS

IgGFab'-dgA
IgG-dgAKilling

of Daudi
MPT (days) cells(%)*26.5

Â±1.5(3)
38.0 Â±7.1 (/'s 0.05) (4)
66.0 Â±11.3 (/'s 0.001)(3)32.6

Â±6.1 (5)
46.2 Â±7.3 (P s 0.05) (5)
55.6 Â±7.6(/>s 0.01) (5)
73.2 Â±7.3 (/>< 0.001) (5)92.20

99.9995.83

99.59
99.99

Â°SCID mice [either from the Wisconsin colony (Experiment 1) or from the
University of Texas colony (Experiment 2)) were inoculated with 5x10' Daudi
cells and treated either with ITs or with a similar amount of lgG-RFB4 antibody
on days 1-4 after tumor inoculation. Numbers in parentheses represent the
number of mice per group. The difference between IgG and IgG-dgA in Experi
ments 1 and 2 was significant (P < 0.01). The difference between IgG and Fab'-
dgA, as well as between Fab'-dgA and IgG-dgA, was significant (P Â£0.01).

* Extrapolated from Fig. IB.

Table 4 Relationship between the efficacy of IgG-dgA or IgG and the stage of
tumor growth

Expt."12TreatmentPBS

IgG-dgAPBS

IgG-dgAIgGTreatment

regimenDays

1-4
Days 10-13
Days20-23Days

1-4
Days 10-13
Days20-23Days

1-4
Days 10-13
Days 20-23MPT

(days)31.0

Â±1.7(3)
58.0 Â±1.0(/>s0.001)(4)
47.0 Â±0(P< 0.001) (4)
47.2 Â±0.4 (P s 0.001)(4)26.5

Â±1.5(3)
66.0 Â±11.3 (/'s 0.001) (3)
54.2 Â±9.8(/'s 0.001) (4)
47.8 Â±3.0(P< 0.001)(4)38.0

Â±7.1 (/'S 0.05) (4)
41.7Â± 10.2 (/'s 0.05) (4)
38.3 Â±6.5 (P s 0.05) (4)

Â°Mice in Experiment 1 are from our colony, while mice in experiment 2 are

from the Wisconsin colony. Numbers in parentheses represent the number of
mice per group. The mice in Experiment 2, PBS and days 1-4, are also shown in
Table 3, Experiment 1.
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Table 5 Effects oflTs on the growth of tumors in organs (gross examination)
Data are based on examination, at time of death, of 35 mice given injections

of PBS, 47 mice treated with IgG-dgA, and 36 mice treated with Fab'-dgA.

Animals with tumor(%)OrganLungOvary

Both
OneKidney

Both
OneVertebral

columnAdipose

tissuePBS6385

085

96323IgG-dgA3628

813

116017Fab'-dgA7240

2858

177214

were kidney, perirenal fat, ovaries, bones of the vertebral col
umn and skull, meninges, and teeth. Twenty-five days after
treatment, the Fab'-dgA-treated animals had smaller and fewer

lesions than controls. Only 1 of 3 IgG-dgA-treated mice had
detectable neoplasia. In contrast to the controls, the neoplastic
infiltrates in the vertebral column of treated animals did not
completely efface hematopoietic cell populations, lyse vertebral
bone, extend into the perivertebral tissues, or compress the
spinal canal. In treated mice, detectable neoplastic infiltrates in
the bones of the skull were widely scattered and extension into
meninges was rare.

Thirty-nine days after inoculation, the differences between
Fab'-dgA-treated and control animals were less distinct. In the

IgG-dgA-treated mice, tumor was detected in 2 of 3 mice and
the lesions were markedly reduced in size and number, com
pared with the controls.

In the IgG-dgA-treated mice but not the Fab'-dgA-treated

mice, mild cardiomyopathy and hepatocellular regeneration
were observed in some animals.

DISCUSSION

In ongoing clinical trials for treatment of refractory B cell
lymphoma in humans, we are comparing two second-generation
anti-CD22-ricin A chain-containing ITs. These constructs con
sist of Fab' or IgG covalently coupled to dgA. In order to

optimize strategies for using ITs in humans, it is advantageous
to have a murine model of disseminated human B cell lym
phoma in mice. To this end, we have injected the human
Burkitt's lymphoma Daudi into SCID mice and have charac

terized the growth of the tumor and the cause of death (7). The
clinical presentation of this tumor in SCID mice resembles that
observed in humans with African Burkitt's lymphoma, i.e.,

tumor involvement of the ovaries, kidneys, and bone. Although
humans only rarely have lower spinal cord paralysis, this oc
curred in virtually all the mice. Thus, despite being an estab
lished cell line, these human African Burkitt's lymphoma cells

maintain some of their usual organ distribution patterns in
mice. An investigation of the mechanisms underlying growth
in extranodal sites might give important insights into the biol
ogy of B cell tumors. Possible explanations include a growth
factor in the organ for Daudi cells, a homing molecule on Daudi
cells for the organ, or permissiveness for growth of hemato
poietic tumors in extranodal sites in immunosuppressed mice.

In the present studies, we have compared the antitumor effect
of two second-generation ITs under conditions in which the
tumor cell burden is minimal and in which the tumor cells

should be accessible to circulating IT. Under these experimental
conditions, the efficacy of each construct should be maximized.
The Fab'-dgA is smaller and less toxic, and higher doses can
be given (1, 3). The IgG-dgA is longer lived, more stable, and
more potent (5). Because of the differences in their LD50 values,
clearance rates, and tolerated doses, it was important to com
pare the efficacy of these two ITs in the SCID-Daudi mice.

The major findings to emerge from this study are as follows:
(a) The dose used in the treatment of mice bearing the Daudi
tumor (40% of the LD50 dose) was well tolerated by all mice.
(b) Both IT constructs were effective in extending the MST and
both showed significant antitumor activity, (c) The IgG-dgA
was significantly more effective than the Fab'-dgA at killing

tumor cells in vivo and delaying the onset of the posterior
paralysis that precedes death, (d) Pathological examination
revealed that both ITs had an antitumor effect at all extranodal
sites of tumor growth, (e) The most potent IT (IgG-dgA) was

effective even when it was given at a late stage of tumor growth,
but the best antitumor effect was observed when it was admin
istered early, (f) Treatment with IgG alone (but not Fab')

delayed the onset of paralysis, regardless of the stage of tumor
growth during which the IgG was administered. However the
antitumor effect was 10-fold lower than that observed using the
Fab'-dgA and IO3- to 104-fold lower than that observed using

the IgG-dgA. The mechanism underlying the antitumor activity
of the antibody alone is unclear. However, there have been
reports of antitumor effects of anti-idiotype antibody adminis
tered to humans with non-Hodgkin's lymphoma (15).

A chain-containing ITs have variable potency (reviewed in
Ref. 16). The failure of some ITs to effectively kill more than
1 log of tumor cells has been emphasized (reviewed in Ref. 17).
The present studies show that, in vivo, a potent IT-A can kill
4-5 logs of tumor cells in vivo at 40% of the LD50. Studies of
the intracellular fate of IT-As suggest that the particular intra-
cellular pathway of the endocytosed IT may be critical in
determining potency (reviewed in Ref. 16). Thus, IT-As con

tained in endosomes that are routed directly to lysosomes
appear to be less effective as ITs, compared with those that are
routed to the Golgi complex or endoplasmic reticulum. Presum
ably, translocation of the A chain into the cytoplasm is a time-
dependent event and, if the IT-A is rapidly degraded in lyso
somes, then the probability of translocation of a biologically
active A chain is reduced.

To our knowledge, the capacity of monoclonal antibodies
which are reactive with B cells to bind to them in extranodal
sites has not been studied. The capacity of Daudi cells to grow
in such sites in SCID mice facilitated exploration of this issue.
Indeed, the cause of death in these mice is tumor involvement
of the vertebral column; tumor cells penetrate the spinal canal
and compress the spinal cord, thereby causing hind leg paralysis

Table 6 Effect of treatment with immunotoxins on tumor growth in organs

Organ weight (mg)

Daudi Time
cells Treatment (days)"

Kidney Ovary

Right Left Right Left

-None+
PBS+

Fab'-dgA+

IgG-dgA2539253925391502153651752151455

160 Â±6557
210 Â±7040140
405 Â±22046553
185 Â±313547
235 Â±110909
140 Â±5 60

7Â±23
65 Â±25400

320 Â±1908
40Â±856
55 Â±135

5Â±1160
Â±5 160 Â±17 61 6Â± 1

a Mice were sacrificed at 25 or 39 days after tumor inoculation. Each weight

represents the mean Â±SD from four or five mice in each group.
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and inability to obtain the water and food necessary to sustain
life. The present studies indicate that, even 20 days after tumor
inoculation and approximately 1 week before the beginning of
hind leg paresis, injection of the anti-CD22 antibody, alone or

as an IT, induced a significant antitumor effect. When ITs were
administered beginning 1 day after injection of the Daudi cells,
there was a significant inhibition of tumor growth in all the
extranodal sites examined, including the ovaries, kidneys, lung,
adipose tissue, etc. These results suggest that accessibility to
tumor cells in these tissues may not present a significant barrier
if the tumor cells are in the form of micrometastases (analogous
to injection of ITs beginning 1 day after Daudi administration)
or small tumor masses (analogous to the later administration
of IT). Our studies do not indicate whether ITs would be
effective if the extranodal tumor masses were large.

There have been a number of reports of significant antitumor
effects of ricin A chain-containing ITs in rodents (reviewed in
Ref. 18). Fab/Fab' and IgG ITs were compared in only two

reports. In one report, mice with far advanced splenic BCL]
tumors were treated with single doses of Fab' or IgG anti-6-

dgA (14). The results indicated an equal antitumor effect, based
on the content of dgA injected as a Fab' or IgG. This suggests

that, in the case of splenic BCLi tumor, which is particularly
accessible to the circulation, the advantages and disadvantages
of each construct lead to a similar outcome. In contrast, in
another report, in which solid Hodgkins tumors were grown in
triple-beige nude mice, an IgG-dgA construct of anti-CD30 had
a better antitumor effect than an Fab'-dgA construct (19). The

results of the present study are similar to those reported for the
anti-CD30 ITs. The fact that the Fab'-dgA was less effective

than the IgG-dgA as an antitumor reagent is consistent with its

lower affinity for target cells, its lower potency, and its shorter
half-life in mice. The differences between the results observed

in the BCL! tumor model, compared with the xenograft models,
may be related to differences in the specificity or affinity of the
monoclonal antibody, greater immunosuppression of SCID
mice resulting in their inability to mount an antitumor immune
response after IT therapy, or differences in the organ sites for
tumor growth in the two models. This latter possibility should
be emphasized, since Fab'-dgAs, compared to IgG-dgAs, were

more effective in penetrating the well vascularized BCL,-infil-

trated spleen.
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