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ABSTRACT

Gelonin, a ribosome-inactivating protein from the seeds of Gelonium
ntiiltiflimim, has been conjugated to antibodies. Previous reports have
indicated variable potency of such immunotoxins. The lack of toxicity of
gelonin, however, makes it attractive for immunoconjugate production.
The ribosome-inactivating protein was covalently linked (using A/-SUCCÃŒ-
nimidyl-3-(2-pyridyldithio)propionate) to monoclonal antibody, 9.2.27,
directed to a human melanoma-associated glycoprotein/proteoglycan. The
immunoconjugate showed high selectivity with dose-dependent cytotoxic
activity to cultured human melanoma cells (50% inhibitory dose; 1-3 x
III " M versus antigen-positive cells; 1-3 x 10~7 M versus antigen-

negative cells). Specificity and immunoreactivity of the conjugate were
similar to those of unconjugated antibody. Biodistribution studies with
iodine trace-labeled conjugate in nude mice indicated that tumor localiza
tion of the gelonin conjugate was decreased compared to unconjugated
antibody. However, a significant therapeutic effect of the conjugate was
found with multiple but not single dose i.v. treatment in nude mice bearing
established palpable melanoma. These in vivo experiments showed that
gelonin conjugates (a) are not toxic up to 2 mg total dose/mouse and (b)
significantly retarded the growth of established s.c. tumor.

Comparison of gelonin conjugates in vitro and in vivo with other A-
chain conjugates of 9.2.27 (abrin and ricin) indicated that gelonin had
similar potency, better selectivity, better tumor localization, and more
significant therapeutic effects.

INTRODUCTION

Selectivity is both the major goal and the major hurdle in
developing antibody-directed therapies. One approach has been
to conjugate intact plant toxins to antibodies (1, 2). Such
conjugates, in which B-chain binding to cell surface carbohy
drate is sterically occluded, still generally manifest nonspecific
cytotoxicity due to residual interaction of the B-chain with cell
surfaces.5 The degree of nonspecific killing and toxicity in vivo

is dependent on both the antibody and the toxin used for
conjugation, with intact abrin forming more selective conju
gates than intact ricin.5 Abrin conjugates of 9.2.27, a monoclo
nal antibody directed to a human melanoma-associated glyco
protein/proteoglycan, formed highly potent immunoconju-
gates, killing at a 50% inhibitory dose of 1 x 10~" M.

Improved selectivity may be achieved by conjugating sepa
rated A-chain rather than intact toxin but usually with some
loss of potency. However, the separation of the A-chains of
toxins is tedious and even trace contamination of B-chain could
lead to a less selective immunoconjugate or to in vivo toxicity
(3).
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Further alternatives to intact toxins and A-chains are the
naturally occurring, simple polypeptide, "A-chain like," RIP,6

gelonin, and PAP. Both have been successfully conjugated to
antibodies directed to mouse and human leukemia and lym-
phoma (4, 5). Gelonin has a number of potential advantages
over the commonly used ricin, abrin, and diphtheria toxin A-
chains: (a) use of the RIP does not require the cleavage and
separation into A- and B-chain components; (b) once isolated,
it is biochemically very stable; (c) it is nontoxic to mice up to 1
mg/20 g body weight; and (d) in a cell-free system from rabbit
reticulocytes, it has been shown to be at least as potent as ricin
A-chain (5). However, previous attempts to conjugate gelonin
to antibodies have not consistently produced potent conjugates
(4). Antibody 9.2.27 forms highly potent and selective immu-
noconjugates with gelonin (this paper) as well as PAP. How
ever, we have recently described in vitro selection of melanoma
cells rÃ©sistentto PAP and other A-chains conjugated to 9.2.27,7

a phenomenon which may preclude efficient utilization of this
RIP.

In addition to the factors of in vitro potency and selectivity,
a number of other in vivo factors may be more important for
therapeutic efficacy. These factors include dose, degree of tumor
localization and microdistribution within the tumor, stability
of linkage between toxin and antibody, and serum half-life.
These latter issues, as well as in vitro parameters, were system
atically compared with gelonin and other A-chain conjugates
of 9.2.27.

The results indicate that gelonin conjugate of 9.2.27, al
though not the most potent conjugate in vitro, displays superior
in vivo behavior and inhibits growth of established palpable
human melanoma in nude mice.

MATERIALS AND METHODS

Toxins. Seeds of Gelonium multiflorum grown in India was obtained
through the courtesy of Professor Bhatacharya, New Delhi, India, and
Dr. Jerry Sadoff, Walter Reed Hospital, Washington, DC. Isolation
and purification of gelonin was performed as described by Stirpe et al.
(6). Ricin A-chain was obtained through the courtesy of Hybritech, Inc.
(San Diego, CA), and was purified by a combination of affinity chro-
matography on agarose and ion exchange chromatography similar to
published techniques (7). Abrin A-chain, from Abrus precatorius seeds,
was purified by the procedure described by Hwang et al. (8).

Antibody. Development and specificity of 9.2.27, a murine anti-
melanoma monoclonal antibody (IgG:..K), recognizing a M, 250,000
glycoprotein/proteoglycan complex, has been described previously (9).
RPC-5, a (Ig2a,K) myeloma protein, was used as an irrelevant antibody
control (Litton Bionetics, Gaithersburg, MD). Ascites was produced in
doubly pristane-primed BALB/c mice and antibody was purified by
double sodium sulfate precipitation. This procedure yielded material
that was >9S% murine IgG2a immunoglobulin (10). The antibody was
stored in aliquots at â€”70Â°C.

* The abbreviations used are: RIP, ribosome-inactivating protein; PBS/BSA,
phosphate-buffered saline/bovine serum albumin; PAP. pokeweed antiviral pro
tein; DMEM, Dulbecco's modified Eagle's medium.

7A. C. Morgan, Jr., J. Bordonaro, J. W. Pearson, and G. Pavanasasivam.
Immunotoxins to a human melanoma-associated antigen: resistance to pokeweed
antiviral protein conjugates in vitro, J. Nat. Cancer Inst., in press.
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Preparation of 9.2.27 Conjugates. Gelonin, as well as ricin A and
abrin A, were conjugated to 9.2.27 using JV-succinimidyl-3-(2-pyridyl-
dithio)propionate (Pharmacia Fine Chemicals, Inc.) according to the
procedure described by Thorpe et al. (4) with an average of two 3-(2-
pyridyldithio)propionyI/RIP or A-chain. No loss of activity was found
with iV-succinimidyl-3-(2-pyridyldithio)propionate-treated versus un
treated gelonin (BRL, Gaithersburg, Ml)) as measured in a rabbit
reticulocyte in vitro translation assay (5). After concentration, the
conjugate was subjected to high pressure liquid chromatography gel
sieving using a 60-cm TSK 3000 column with 10 HIMphosphate buffer
containing 0.5 M NaCl. Conjugate fractions were isolated correspond
ing to 1:1 and 2:1 (RIP:antibody), as demonstrated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (10% slag gel). The conju
gate pools were each tested separately for cytotoxicity and then remixed
for in vivoexperiments. Conjugate was stored frozen at -70*C. Isolation

of ricin A-chain and abrin A-chain conjugate was done according to
previously described procedures from our laboratories (8).7

Tumor Cell Lines. Human melanoma cell lines used in these studies
were FMX and A375 1Â°.FMX expresses the M, 250,000 glycoprotein/
proteoglycan while A37S 1' lacks the antigen as assessed by flow

cytometry and radiolocalization in nude mice (11, 12). Cell lines were
cultured in DMEM and 10% fetal bovine serum (Gibco Laboratories,
Grand Island, NY) and exposed to conjugate during exponential growth
phase.

Intiminoreactivity Assessment. Unconjugated 9.2.27 and 9.2.27 con
jugates were assayed for binding to target cells by flow cytometry. FMX
cells suspended in PBS/BSA (1 x 10'/100 pi) were incubated with
either saturating (1 /jg/106 cells) or subsaturating doses (0.1 fig/106
cells) of 9.2.27 conjugate or control monoclonal antibody at 4Â°Cfor 30

min. The cells were washed twice with PBS/BSA (1%) and incubated
with 100 ÃŸ\of fluorescein-labeled goat anti-mouse IgG (l Mg)at 4"C

for 30 min. The washed cells were resuspended in PBS/BSA and
analyzed for bound fluoresceinated antibody using an Ortho Cytofluo-
rograph 50-H. Fluorescence intensity of conjugate was compared to

unconjugated antibody.
Radiolabeled Conjugate Internalization. Internalization of conjugates

was determined as described previously for unconjugated antibody (13).
Briefly, conjugates were radiolabeled with 125Iby chloramine-T (14),
and 1 x IO5 cpm were added to cultures in 24-well plates (Costar,
Boston, MA) and incubated at 4Â°Cfor 30 min. Monolayers were washed
gently with DMEM and 1% fetal bovine serum and incubated at 37*C

in a 5% CO2 incubator. At varying intervals, medium was removed,
and monolayers were treated with 0.01% trypsin at 37Â°Cfor 10 min.

(Worthington Biochemical Corp., Boston, MA). This trypsin concen
tration was shown by flow cytometry to remove all cell surface proteo
glycan. Cell suspensions were centrifuged and both the residual cell
pellet, trypsinized cell surface antigen, and spent culture medium of
triplicate wells counted. Counts in the trypsin solution were considered
to be conjugate remaining on the cell surface whereas trypsin-insensitive
counts associated with the cell pellet were taken as a measure of
internalized conjugate. Spent culture medium counts represented shed
conjugate.

In Vitro Cytotoxicity Test. FMX (antigen-positive) or A375 1" (an

tigen-negative) cells, harvested with 0.01 M EDTA, were seeded at 5 x
it)1 cells/well in 96-well plates and incubated overnight. Conjugates

were serially diluted in DMEM and 10% fetal bovine serum and added
in 100 ill/well. The experiments were conducted in two formats: (a) in
short exposure, the medium with conjugate was aspirated after l h
incubation, the monolayer was washed, and the medium was replaced;
(b) in long exposure, conjugate was in continuous contact with cells
until the time of harvesting (48 h). After 48 h, 0.5 Â¿iCiof [3H]thymidine/
well (New England Nuclear, Boston, MA; specific activity, 5-10 Ci/
munii) was added for 5 h. The cells were then harvested using a MASH
unit (Mini Mash II; MA Bioproducts), washed, and counted in a
scintillation counter. An inhibitory dose (50%) was extrapolated from
the titration curve.

Biodistribution and Tumor Localization of Conjugate. Human mela
noma FMX (3 x 10" cells) were inoculated s.c. in the inguinal region
of groups of five nude mice. After 10-14 days tumors were palpable
(5-10 mm diameter).

For biodistribution experiments, tumor-bearing animals were given
injections of 50 Mgof 125I-9.2.27/I31I-gelonin conjugate in which anti
body was labeled by chloramine-T (14) and toxin with Bolton-Hunter
reagent method to avoid inactivation (15) and then conjugated. Blood
samples for plasma clearance rates were drawn by retroorbital puncture
at 10 min and 1, 2, 4, 6, and 24 h and counted. All counts were
normalized to the IO min sample (100%). At the end of 48 h, the
animals were sacrificed and the tumors and other tissues were harvested,
weighed, and counted as described previously (11).

A conjugate localization index was developed to compare tumor
localization of unconjugated antibody to conjugates:

% of injected dose/g unconjugated antibody
% of injected dose/g conjugated antibody

Index =

Therapeutic Evaluation of Conjugate. Groups of nine mice inoculated
with tumor cell suspensions were started on i.v. treatment with conju
gates or controls when tumors were just palpable (5-10 mm in diame
ter). All treatments were weekly for 4 weeks. Mice treated with gelonin
conjugates received 200-500 Mg/mouse each injection (total dose, 0.2-
2.0 mg) whereas those receiving ricin A conjugates were limited to 200
Mg/mouse/injection (total dose, 0.2-0.8 mg) due to toxicity at higher
doses.

Growth of tumors was evaluated weekly by measuring 2 perpendic
ular tumor diameters using vernier calipers. The average tumor volume
was calculated by the formula 0.4 x a x A2 where a and h are the
average of two vertical diameters of tumors. The relationship 1 cm3 =

l g was used for converting tumor volume to tumor weight.

RESULTS

A benchmark for comparative evaluation of other 9.2.27
conjugates was produced using ricin A-chain (Fig. 1). Antigen-
positive and antigen-negative melanoma cell lines were tirsi
tested for sensitivity to intact ricin and found to be equally
sensitive. The immunotoxin of 9.2.27 and ricin A was both
highly potent and showed a high degree of selectivity, e.g.,
greater than 4 logs. The high potency and selectivity was not a
property solely of the ricin A-chain preparation. As shown in
Fig. 2, when compared with conjugates of the D} antibody to
the line 10 hepatocellular carcinoma, the same ricin A prepa
ration produced an immunotoxin approximately 3.5 logs less
potent than 9.2.27 conjugate. In contrast, as we have reported
previously, I>Â¡forms highly potent immunotoxins with abrin
A-chain (8). Conjugates formed with D3 and gelonin were
inactive. Thus, the ricin A-chain conjugate of 9.2.27 appeared
to be a reasonable benchmark for comparison with gelonin.

The benchmark conjugate, 9.2.27-ricin A, was then compared
to similarly synthesized conjugates of gelonin and abrin A
chain (Fig. 3). Conjugation resulted in no detectable loss in
immunoreactivity except with the highest substitution (>3:1

0.0001 0.001 0.01 0.1 1 10
CONJUGATE (ng/ml)

100 1000

Fig. 1. Sensitivity of antigen-positive (Ag+) (FMX) and antigen-negative
(Ag-) (A37S 1") human melanoma cells to intact ricin and immunotoxins of
9.2.27/A-ricin. Abscissa, ng/ml of conjugate or intact ricin.
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Fig. 2. Comparison of ricin A chain immunotoxins of 9.2.27 and II, antibod
ies. Target cells for melanoma conjugates were FMX (antigen positive) (Ag+)
and A375 r (antigen negative) (Ag-). Targets for D3 ricin A chain were LIO
cells (antigen positive) and A37S 1' cells (antigen negative).
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Fig. 3. Comparison of different immunotoxins formed with 9.2.27. Antigen-
positive melanoma cells was FMX; antigen-negative melanoma was A37S 1*.

RIP or A chain:antibody). All of the conjugates of 9.2.27 were
highly potent; however, abrin A-chain conjugates exhibited
approximately 1 log greater potency than the others. All the
conjugates, including those made with gelonin, were more
potent with continuous exposure than short exposure (e.g., 50%
inhibitory doses of 1.7 x 10-11 versus 2 x 10~9with 9.2.27
gelonin against antigen-positive cells) but with some loss of
selectivity. The selectivity was different for the three conjugates
tested. Conjugates were equally selective when tested up to
concentrations of 10 ng/ml. However, distinctions were ob
served at concentrations of SOto 100/Â¿g/ml.Gelonin conjugates
gave no cytotoxicity to antigen-negative cells at SO/jg/rnl and
only a 20% inhibition at 100 ng/ml. In contrast, abrin A-chain
conjugates gave 50% inhibition at 50 fig/ml and 90% inhibition
at 100 up,/ml. Ricin A-chain conjugates were intermediate
giving 30% inhibition at 50 Mg/mland 70% inhibition at 100
fig/ml. Thus, it appeared that although the conjugates had
similar potencies, gelonin conjugates were more selective than
either ricin A or abrin A-chain conjugates when tested in
continuous exposure.

Since there was a difference in potency between different
conjugates and between long and short exposure to conjugate,
rates of internalization of 9.2.27 conjugates were studied. To
determine the rate of internalization, the benchmark conjugate
of ricin A-chain was compared to gelonin conjugates as well as
unconjugated antibody radiolabeled with 125I.Unconjugated

9.2.27 showed a very slow rate of internalization as assessed by
trypsin insensitive counts (Fig. 4). The great majority of anti
body remained bound to the cell surface after incubation at
37Â°Cand was removed by trypsinization which causes the loss

o
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00-

TRYPSIN SENSITIVE

â€¢9.2.27

A 9.2.27-A/RICIN

â€¢9.2.27-GELONIN

01234(19789101112
HOURS AT 37Â°C(post binding)

Fig. 4. Internalizaron of immunotoxins of 9.2.27. Cells were incubated with
radiolabeled conjugate at 4'C, washed and, then incubated at 37'C for the

indicated periods before trypsinization.

9.227/PAP

9.2.27/Gelonin

2 t 6 8 10 12 14 16 16 20 22

Fig. S. Serum half-life of radiolabeled, unconjugated, and conjugated 9.2.27.
9.2.27/ricin A had a serum clearance curve similar to that of 9.2.27-PAP and
9.2.27-gelonin (data not shown).

of epitope for binding of 9.2.27. In contrast, conjugates of
9.2.27 internalized at faster rates reaching a maximum by 6 h
postbinding. Thus, 9.2.27 internalizes poorly on its own but
rapidly internalizes after conjugation with either gelonin, ricin,
or abrin A-chains. However, no correlation was seen in the
rates of internalization and differences in conjugate potency.

The in vivobehavior of 9.2.27 conjugates was compared. As
shown in Fig. 5, rapid serum clearance of 9.2.27 conjugates was
seen in nude mice bearing xenografted tumors (as shown) or in
non-tumor bearers (not shown). Conjugates of PAP and gelonin
(as shown) and ricin A-chain (not shown) had serum half-lives
of 3-4 h as compared to 24 h for unconjugated antibody. Using
double labeled conjugates the I25I/I31I(antibody/toxin) ratio
was constant over 24 h, indicative of the serum stability of the
disulfide bond.

As might be expected, the short serum half-life significantly
affected tumor localization of immunoconjugates. As shown in
Table 1, all 9.2.27 conjugates showed reduced tumor localiza
tion compared to unconjugated antibody. However, conjugates
of gelonin showed the least reduction in tumor localization. At
96 h postinjection, little labeled conjugate was remaining in
other tissues, including liver. However, the thyroid contained
most of the residual radioactivity with significantly more counts
lost from labeled conjugate than unconjugated antibody (20%
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Table I Tumor localization of immunotoxin

Experiment12Conjugate9.2.27RPC-59.2.27-Gelonin9.2.27-PAP9.2.279.2.27-Gelonin9.2.27-RICIN/AIndex"18.42.64.01.34.3

" (Percentage of injected dose/g of unconjugated antibody)/(percentage of

injected dose/g of conjugated antibody). Animals sacrificed at 96 h postinjection.
Percentage of injected dose/g of 9.2.27 was 5.9-7.0.
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Fig. 6. Therapy of palpable human melanoma was initiated on Day 19 post-
inoculation of tumor cells when tumors were approximately 100 mg. Treatment
was discontinued on Day 40 and animals were observed through Day 70. P <
0.05 between control and multiple injection group. MCG, jjg.

vmws 10% dose/g). The I25l/I3ll (antibody/toxin) ratio was the

same in all tissues including tumor, although at this time point
(96 h), few counts were remaining in most tissues with the
exception of the tumor.

The different 9.2.27 conjugates were also compared for ther
apeutic efficacy in a palpable human melanoma xenograft
model (Fig. 6). Gelonin conjugates significantly inhibited tumor
growth when given in high doses over a 4-week treatment
period. A single administration as high as 500 Mgwas ineffec
tive. When nude mice were treated either with a single injection
or weekly for 4 consecutive weeks with 500 Â¿igof 9.2.27 gelonin
conjugate, substantial tumor growth inhibition was achieved
but only with the highest multiple dose regimen. Single doses
of conjugate as well as lower doses given multiply (200 ^g) had
less effect on tumor growth. Gelonin alone at 2 mg/mouse gave
no toxicity and did not inhibit tumor growth. Antibody 9.2.27
alone in cumulative doses to 8 mg (1 mg; 8 injections for 3
weeks) had no effect when administered to mice bearing pal
pable tumors. Ricin A-chain conjugates, administered at the
maximal permissible dose of 200 ^g/treatment, did not signif
icantly inhibit tumor growth even when given in multiple
administrations.

DISCUSSION

Antibody 9.2.27, a murine IgG2a monoclonal antibody to a
M, 250,000 glycoprotein/proteoglycan complex on human mel
anoma cells, has been conjugated previously to a number of
cytotoxic agents including intact abrin and ricin5 and PAP.7 In

this report we have extended our observations by comparing
9.2.27 conjugated to ricin and abrin A-chains as well as gelonin.
Antibody 9.2.27 has also been successfully radiolabeled with
iodine ( 11), ' ' ' In ( 16) and, more recently. "Tc ( 17) and localizes

to tumor sites in both nude mouse models (11, 16) and humans
(17). It has been safely administered to patients in single doses
as high as 500 mg and at cumulative doses of l g (18) but shows
no significant antitumor effects in the unconjugated state (10).
Other studies in our laboratory indicate that 9.2.27 also forms
active drug conjugates (12). All of our data indicate that 9.2.27
is a useful carrier for radioisotopes, drugs, and toxins.

In this report, we have used 9.2.27 as a common delivery
vehicle to compare conjugates of gelonin and ricin and abrin
A-chain for both in vitro and in vivo parameters. The 9.2.27-
abrin A-chain conjugate was the most potent in vitro with an
approximate 1 log greater potency than gelonin or ricin A-
chain conjugate. These potencies appeared to be a property of
the antibody/antigen system, since conjugates formed with the
D3 antibody to the LIO hepatocellular carcinoma and ricin A-
chain were more than 3 logs less active than corresponding
9.2.27 conjugates. This contrasts with our previously reported
data with D3 and abrin A-chain conjugates which showed high
potency and selectivity and in vivo therapeutic efficacy (8). Some
of these distinctions may be due to postintemalization events
since we find little difference in internalization rates of 9.2.27
and D3 (data not reported). Interestingly, unconjugated 9.2.27
showed a very slow rate of internalization but internalized
rapidly after conjugation. However, there was no discernible
distinction in rates with different conjugates even though there
were distinctions in potency. Thus, events postintemalization
may be more important to conjugate potency (3). It is also an
ancillary finding of our studies that antibodies that do not
modulate and/or internalize very slowly and seem poor candi
dates as targeting agents for toxins and drugs may in fact
internalize very well after conjugation and produce highly active
conjugates.

Perhaps more important for therapeutic efficacy, there were
a number of in vivo parameters both similar and distinctive for
benchmark ricin A conjugates compared to gelonin. The lack
of i/i vivo efficacy of 9.2.27-ricin A conjugates is probably due
to a combination of factors including enhanced liver uptake and
rapid metabolism which led to the reduced serum half-life (23).
Studies with double labeled immunoconjugates indicated that
the ratio of the isotope remained constant in serum and in
tissues over the sampling period of 48 h. These data contrast
to those of Thorpe (19) who found that disulfide linkages
between the Thy-1.1 antibody and ricin A-chain were unstable
and are in agreement with higher stability found in the studies
of Ramakrishnan and Houston (20). The differences in results
in different laboratories could reflect the degree of folding and
subsequent protection of the disulfide linkages by a given anti
body. In our hands, all disulfide- and thioether-linked conju
gates have similar serum half-lives in mice of 3 to 4 h. Since
both linkages produce conjugates with similar half-lives, the
short half-life is not completely a reflection of linkage instabil
ity.

The short serum half-life of conjugates produced an expected
reduction in tumor localization compared to unconjugated an
tibody. The reduction in tumor localization was more pro
nounced for ricin A conjugates than gelonin. The reason for
this may be due to increased hepatic uptake of ricin A-chain
due to carbohydrate receptors (21, 22). We saw little difference,
however, in liver accumulation between ricin A and gelonin
conjugates at 96 h; this may have been due to pronounced
deiodination of conjugate. Thus, we were unable to account for
differences in maximum tolerated dose of the conjugates on the
basis of radionuclide localization studies.

The therapeutic studies against palpable human melanoma,
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however, indicated indirectly that gelonin conjugates may be
more potent in vivo due to enhanced delivery to the tumor site.
High doses of gelonin conjugate, given in multiple injections,
were effective in inhibiting growth of palpable tumors whereas
ricin A conjugates, at the maximal tolerated dose level, were
ineffective. These in vivo efficacy differences may be diminished
by the use of oxidized ricin A-chain in the conjugates to inhibit
hepatic uptake via carbohydrate receptors (22).

Despite high in vitro potency, the gelonin conjugates pro
duced only tumor growth inhibition and not tumor regression.
Based upon the decreased tumor localization, a variety of
factors require consideration to explain this decreased efficacy.
The first is tumor burden. Due to the poor localizing properties
of immunotoxins, the amount of conjugate available for the
tumor site (bioavailability) may be insufficient for the number
of tumor cells. "Debulking" therapies, including surgery, radia

tion, and chemotherapy, may overcome this problem. In addi
tion, conjugates may prove more effective against disseminated
micrometastases. For this purpose we have developed a model
system of human melanoma established via i.v. injection in
multiple organs in nude mice.7

A second major hurdle for efficacy in vivo is the microdistri
bution of antibody within the tumor. We have found in patients
that antibody in low doses distributes to the more vascular
regions of s.c. melanoma nodules and with increasing doses
binds to more hypoxic sites (10). It is thus necessary to use
high doses of conjugates in order to achieve efficacy. This also
requires that the conjugate exhibit little toxicity. Alternatively,
one could admix conjugate with unconjugated antibody to aid
in extravasation of antibody into the avascular regions of the
tumor. In our hands, gelonin conjugates are less toxic than ricin
A-chain conjugates and may be similar in toxicity to oxidized
ricin A-chain (22).

As we have reported previously (12) and here, a number of
parameters may influence the in vivo efficacy of immunocon-
jugates. Detailed systematic evaluation of such parameters
should lead to significant improvement of the in vivo efficacy
of the next generation of immunotoxins.

REFERENCES

1. Houston, I . I . Inactivation of ricin using 4-azidophenyl-/3-r>galactopyrano-
side and 4-diazophenyl-tf-D-gaIactopyranoside. J. Biol. Chem., 258: 7209-
7212. 1983.

2. Thorpe. P. E.. Ross. W. C, Brown, A. N., Myers, C. D.. Cumber, A. J.,
Foxwell, B. M.. and Forrester. J. T. Blockade of the galactose-binding sites
of ricin by its linkage to antibody. Spiv iIk-cytotoxic effects of the conjugates.
Eur. J. Biochem.. 140: 63-71. 1984.

3. Uhr, J. W. Immunotoxins: harnessing nature's poisons. J. Immunol., 133: i-

x, 1984.
4. Thorpe, P. E.. Brown, A. N. F., Ross, W. C. J., Cumber, A. J., Detre, S. I.,

Edwards, D. C., Davies, A. J. S., and Stirpe, F. Cytotoxicity acquired by a
conjugation of an anti-Thy 1.1

5. Lambert, J. M., Senter, P. D., Young, A. Y.. Blattler. W. A., and Goldmacher,
V. S. Purified immunotoxins that are reactive with human lymphoid cells.
Monoclonal antibodies conjugated to the ribosome-inactivating proteins
gelonin and the pokeweed antiviral proteins. J. Biol. Chem., 260: 12035-
12038, 1985.

6. Stirpe, F., Olsnes, S., and Pini, A. Gelonin. a new inhibitor of protein
synthesis, nontoxic to intact cells. Isolation, characterization and preparation
of cytotoxic complexes with concanavalin A. J. Biol. Chem.. 255: 6947-
6953, 1980.

7. Vidal, H., Casi-Ila-,. P., Gros, P., and Jansen. F. K. Studies on components
of immunotoxins: purification of ricin and its subunits and influence of
unreacted antibodies. Int. J. Cancer, 36: 705-711, 1985.

8. Hwang, K. M., Foon, K. A., Cheung, P. H., Pearson, J. W., and Oldham, R.
K. Selective anti-tumor effect of a potent immunoconjugate composed of the
A chain of abrin and a monoclonal antibody to a hepatoma-associated
antigen. Cancer Res., 44:4578-4586, 1983.

9. Morgan, A. C, Jr., Galloway, D. R., and Reisfeld, R. A. Production and
characterization of monoclonal antibody to a melanoma-specific glycopro-
tein. Hybridoma, /: 27-36, 1981.

10. Oldham, R. K., Foon, K. A., Morgan, A. C., Jr., Woodhouse, C. S., Schroff,
R. W., Abrams, P. G., Fer, M., Schoenberger, C. S., Farrell. M., Kimball,
E., and Slu-ru in. S. A. Monoclonal antibody therapy of malignant melanoma:
in vivo localization in cutaneous mÃ©tastasesafter intravenous administration.
J. Clin. Oncol.. 2: 1235-1244. 1984.

11. Hwang, K. M., Morgan, A. C., Jr., Fodstad. ( )., and Oldham, R. K. Radio-
localization of xenografted human malignant melanoma by a monoclonal
antibody (9.2.27) to a melanoma-associated antigen in nude mice. Cancer
Res., Â¥5:4150-4155, 1985.

12. Morgan, A. C., Jr., Schroff. R. W.. Pearson, J. W., and Pavanasasivam, G.
Parameters affecting the utility of monoclonal antibodies as carriers of drug,
toxins and radioisotopes. In: R. A. Reisfeld and S. Sell (eds.), Monoclonal
Antibodies and Cancer Therapy, UCLA Symposium on Molecular and
Cellular Biology, pp. 237-241. New York: Alan R. Liss, Inc., 1985.

13. Schroff, R. W., Farrell, M. M., Klein, R. A., Stevenson, H. C., and Warner,
N. L. Induction and enhancement by monocytes of antibody-induced modu
lation of lymphoid cell surface antigens. Blood. 66: 620-626, 1987.

14. Hunter, W. M., and Greenwood. F. C. Preparation of iodine-131 labeled
human growth hormone of high specific activity. Nature (Lond.), Â¡94:495-
501, 1962.

15. Bolton, A. E.. and Hunter. W. M. A new method for radioiodination of
proteins to high specific activity. Biochem. J., 133: 529-534, 1973.

16. Hwang, K. M., Keenan, A. M., Frincke, J., David, G., Pearson. J., Oldham.
R. K., and Morgan, A. C., Jr. Dynamic interaction of Ill-indium-labeled
monoclonal antibodies with surface antigens of solid tumors visualized in
vivo by external scintigraphy. J. Nati. Cancer Inst., 76: 849-855, 1986.

17. Fritzberg, A. R., Kasina, S., Reno, J. M., Srinivasan, A., Wilbur, D. S.,
Vanderheyden. J-L.. Schroff, R. W., and Morgan, A. C.. Jr. Radiolabeling
of antibodies with Tc-99m using N2S2ligands. J. NucÃ.Med., 27: 957. 1986.

18. Schroff, R. W., Woodhouse. C. S., Foon, K. A., Oldham, R. K., Farrell, M.
M., Klein, R. A., and Morgan, A. C.. Jr. Intratumor localization of mono
clonal antibody to a 250K dalton melanoma-associated antigen. J. Nati.
Cancer Inst.. 74: 299-306, 1985.

19. Thorpe, P. E., and Ross, W. C. J. The preparation and cytotoxic properties
of antibody-toxin conjugates. Immunol. Rev., 62: 119, 1982.

20. Ramakrishnan, S., and Houston, L. L. Immunological and biological stability
of immunotoxins in vivo as studied by the clearance of disulfide-linked
pokeweed antiviral protein-antibody conjugates from blood. Cancer Res., 45:
2031-2036, 1985.

21. Foxwell, B. M. J., Donovan, T. A., Thorpe, P. E., and Wilson, D. G. The
removal of carbohydrates from ricin with endoglycosidases H. F, and D and
a-mannosidase. Biochim. Biophys. Acta, 840: 193-203, 1985.

22. Thorpe, P. E., Detre, S. I., Foxwell, B. J. J., Brown A. N. F., Skilleter, D.
N., Wilson, G., Forrester, J. A., and Stirpe. F. Modification of the carbohy
drate in ricin with metaperiodate-cyanoborohydride mixtures: effects on
toxicity and in vivo distribution. Eur. J. Biochem., Â¡47:197-206, 1985.

23. Bourne, B. J., Casellas. P., Blythman. H. E., and Jangen, F. K. Study of the
plasma clearance of antibody-ricin A-chain immunotoxins. Evidence for
specific recognition sites on the A-chain that mediate rapid clearance of the
immunotoxin. Eur. J. Biochem.. 755: 1-10, 1986.

3173

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/12/3169/2427811/cr0470123169.pdf by guest on 19 M

ay 2023




