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Abstract Introduction

In two clinical trials the mouse antiidiotypic monoclonal anti-
body (MAb) MF11-30, which bears the internal image of
human high-molecular-weight-melanoma-associated antigen
(HMW-MAA)was administered by subcutaneous route with-
out adjuvants to patients with stage IV malignant melanoma on
day 0, 7, and 28. Additional injections were administered if
anti-antiidiotypic antibodies were not found or their titer de-
creased. In the first phase I trial with 16 patients the initial
dose was 0.5 mgper injection and escalated to 4 mgper injec-
tion. Neither toxicity nor allergic reactions were observed de-
spite the development of anti-mouse Ig antibodies. Minor re-
sponses were observed in three patients.

In a second clinical trial MAbMF11-30 was administered
to 21 patients at a dose of 2 mg per injection, since this dose
had been shown in the initial study to be effective in inducing
anti-antiidiotypic antibodies. Two patients were inevaluable; in
the remaining 19 patients, the average duration of treatment
was 34 wk. In this trial as well, neither toxicity nor allergic
reactions were observed. 17 of the 19 immunized patients in-
creased the levels of anti-mouse Ig antibodies and 16 devel-
oped antibodies that inhibit the binding of antiidiotypic MAb
MF11-30 to the immunizing anti-HMW-MAA MAb225.28.
One patient increased the level of anti-HMW-MAA antibod-
ies. One patient achieved a complete remission with disappear-
ance of multiple abdominal lymph nodes for a duration of 95
wk. Minor responses were observed in three patients.

These results suggest that mouse antiidiotypic MAbthat
bear the internal image of HMW-MAAmay be useful re-
agents to implement active specific immunotherapy in patients
with melanoma. (J. Clin. Invest. 1990. 86:2136-2144.) Key
words: efficacy - toxicity
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The development of monoclonal antibodies to human tumor-
associated antigens (TAA)' that meet the criteria to be used as
targets for immunotherapy (for review, see 1-3) has rekindled
interest in the application of immunotherapeutic approaches
to malignant diseases. Among them, the use of antiidiotypic
antibodies, i.e., antibodies to determinants expressed on the
variable region of anti-TAA antibodies, is attracting much at-
tention, since in animal model systems the immune response
induced by this type of active specific immunotherapy is asso-
ciated with an improvement of the course of the disease (4-6).
The rationale underlying this approach is represented by the
ability of antiidiotypic antibodies that bear the mirror image of
TAA to elicit and/or enhance anti-TAA immune responses;
such responses may eventually result in the destruction of
tumor cells.

In order to test the usefulness of mouse antiidiotypic MAb
elicited with syngeneic anti-TAA MAb to implement active
specific immunotherapy, we have selected malignant mela-
noma as our model system for a number of reasons (7). First, a
therapeutic approach based on manipulation of the patient's
immune response has a potential for success in this disease
because of the likely role of immunological factors in its patho-
genesis and in its clinical course (8). Second, testing of a novel
therapeutic approach finds justification in the lack of progress
and limited success of available therapeutic modalities in ma-
lignant melanoma (9). Third, utilizing mouse MAb, we have
identified a membrane-bound melanoma-associated antigen,
referred to as HMW-MAA(high-molecular-weight-mela-
noma-associated antigen). This antigen represents a useful tar-
get for active and passive immunotherapy because of its high
frequency in melanoma lesions, its limited heterogeneity in
melanoma lesions, its high density on melanoma cells, and its
restricted distribution in normal tissues (for review, see 10).
Fourth, we have availability to use the mouse antiidiotypic
MAbMFI 1-30 to an idiotope within the antigen-combining
site of the syngeneic anti-HMW-MAA MAb225.28. This an-
tiidiotypic MAbbears the mirror image of HMW-MAA,be-
cause it induces anti-HMW-MAA antibodies in allogeneic
and xenogeneic combinations (Chattopadhyay, P., S. V. Ka-
veri, J. Rosenberg, N. Byars, J. Starkey, S. Ferrone, and S.
Raychadhuri. Submitted for publication.) The aim of this
paper is to describe the results of two clinical trials with anti-

1. Abbreviations used in this paper: HMW-MAA,high-molecular-
weight-melanoma-associated antigen; PBS-T20, PBS supplemented
with 0.05% Tween 20; TAA, tumor-associated antigen.
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idiotypic MAbMFl 1-30, designed to test toxicity and re-
sponses in patients with advanced malignant melanoma.

Methods

Patients. Patients entered into this study were required to have
biopsy-proven malignant melanoma. All patients had failed prior sur-
gical therapy, chemotherapy, radiotherapy, and/or therapy with bio-
logic response modifiers. They had to be off all other therapies for at
least 4 wk before entering this trial. They were required to have a
Karnofsky performance status of 60% or better, a normal liver func-
tion with bilirubin . 2 mg/dl, serum creatinine of <2 mg/dl, a white
blood cell count of 2 3,000 cells/mm3, and a platelet count of
2 100,000 cells/mm3. All patients were required to have disease mea-
surable by physical examination, x ray, and/or CAT scan, and a life
expectancy of at least 3 mo. Patients had to sign an informed consent.

Sentinel lesions were measured monthly. Complete blood count
and liver function tests were performed biweekly. Serum was obtained
weekly for analysis and stored at -20°C. Response was defined ac-
cording to guidelines previously described by the National Cancer
Institute. Briefly, complete remission was defined as complete disap-
pearance of all measurable tumors for at least 4 wk; partial remission
was defined as 50% reduction of the bidimensional diameters of all
measurable lesions for at least 4 wk; minor remission was defined as
> 25% and < 50% reduction of the bidimensional diameters of all
measurable lesions for at least 4 wk; stable disease was defined as no
change in the size of all measurable lesions, and progression of disease
was defined as a 25% increase in the size of all measurable lesions.

Cell lines. Cultured human melanoma and lymphoid cells were
grown in medium RPMI 1640 supplemented with 10%FCSand 2 mM
L-glutamine.

MAband conventional antisera. The mouse MAb 149.53, an IgGI,
225.28, an IgG2a, 763.74, an IgGI, and TP41.2, an IgGI, to distinct and
spatially distant determinants of HMW-MAA,the corresponding an-
tiidiotypic MAbMF9-10, MFI 1-30, MK2-23, and TK6-74, all IgGI,
the anti-HLA-DQw3 MAbKS13, an IgG2b, the corresponding anti-
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idiotypic MAbK03-34, an IgGl, the antiintercellular adhesion mole-
cule -1 (ICAM-1) MAbCL207.14, an IgGI, the antiidiotypic MAb
F3-C25, an IgGl, elicited with the anti-HLA class II MAbCR11-462,
an IgGI, the antiidiotypic MAbF5-963, an IgG2a, elicited with the
anti-HLA-DRl,4,w6, w8, w9, MAb AC1.59, an IgM, and the anti-
idiotypic MAb T12-105 and T12-2 11, both IgGI, elicited with the
anti-HLA-B7 cross-reacting group MAbKS4, an IgG2b, were devel-
oped as described (11-18; Chattopadhyay et al., submitted for publi-
cation).

MAbwere purified from ascitic fluid by sequential precipitation
with caprylic acid and ammonium sulfate (19). F(ab')2 fragments were
prepared as described (13). The purity of MAband F(ab')2 fragment
preparations was monitored by SDS-PAGE(20).

Affinity purified goat anti-human Ig antibodies were purchased
from Jackson Immuno Research Laboratories, Inc. (Avondale, PA).
Antibodies were labeled with 125I using the chloramine T (21) or the
iodogen (22) method.

Serological assays. The indirect binding assay with whole Ig and
F(ab')2 fragments of MAb-coated microtiter plates (1 Ag per well), the
inhibition assay to measure human anti-antiidiotypic antibodies, and
the double determinant immunoassay to measure serum HMW-MAA
levels were performed in 96-well U-bottom polyvinylchloride micro-
titer plates (Dynatech Laboratories, Inc.; Dynatech Corp.; Alexandria,
VA) as described (12, 13, 23). The indirect binding assay with cells, the
cross-blocking assay to mapdeterminants recognized by different anti-
bodies, and the inhibition by antiidiotypic MAb of the binding of
anti-antiidiotypic antibodies to target cells were performed in 96-well
U-bottom microtiter plates (Falcon Labware, Becton, Dickinson &
Co., Oxnard, CA) as described elsewhere (13, 23). Absorption was
performed by incubating 100 MA of patient's serum with 4 X 106 cells
for 2 h at 4°C on a rotator. Serum was then harvested by centrifuga-
tion.

Immunochemical methods. Antibodies were conjugated to Affigel
10 (Bio-Rad Laboratories, Richmond, CA) (2 mg/ml gel) following the
manufacturer's instructions. Labeling of cells with 125I, solubilization
with NP40, indirect immunoprecipitation, SDS-PAGE, and autoradi-
ography were performed as described (11, 24).
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Figure 1. Differential reactivity with the whole IgG and F(ab')2 fragments of the immunizing antiidiotypic MAbMFl 1-30 and unrelated anti-
idiotypic MAbof serum from patient JB immunized with the mouse antiidiotypic MAbMF11-30. Serum was obtained on day 42 from patient
JB who had been immunized on day 0, 7, and 28 with subcutaneous injections of MAbMF11-30 (2 mgper injection). 96-well microtiter plates
were coated with whole IgG of the immunizing antiidiotypic MAbMF11-30 (o) and of antiidiotypic MAbF3-C25 (*), F5-963 (+), T12-105 (A),
and T12-21 1 (o) (A), or with F(ab')2 fragments of the immunizing MAbMF11-30 (o) and of the isotype-matched MAbMK2-23 (A) (B). Fol-
lowing washings with PBS-T20 and blocking with PBS supplemented with 1% dry milk (PBS-dry milk) plates were added with 100 ul per well
of unabsorbed serum (-) or of serum which had been absorbed with mouse Ig (---). At the end of a 4-h incubation at 4°C plates were washed
three times with PBS-T20 and added with '251-anti-human Ig xenoantibodies (1 X 105 cpm per well). At the end of a 2-h incubation at room
temperature plates were washed five times with PBS-T20. Bound radioactivity was measured in a gammacounter. Results are expressed as
bound counts per minute per well.
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Results

During the initial phase of the clinical trial with MAb
MFI 1-30, an increasing dose of antiidiotypic MAbwas ad-
ministered to patients to determine the dose-related toxicity
and to evaluate the development of anti-antiidiotypic antibod-
ies. Seven female and nine male patients with a median age of
58 yr (ranges of 38 and 72 yr) and with a median performance
status of 70% (ranges of 60 and 80%) were entered into this
phase I trial. 6 patients had only surgery and 11 patients had
been treated with surgery, chemotherapy, and/or radiother-
apy. Sites of metastatic disease included skin, lymph nodes,
bones, brain, lung, liver, and testicles.

The antiidiotypic MAbMFl 1-30 was injected subcutane-
ously on day 0, 7, and 28. Additional injections were given if
anti-antiidiotypic antibodies did not develop or if their titer
fell. The number of immunizations per patient ranged be-
tween a minimum of 2 and a maximum of 10 with an average
of 6. The average time of treatment per patient was 43 wk with
ranges of 3 and 83 wk.

Four patients received a starting dose of 0.5 mg, two of 1
mg, five of 2 mg, and five of 3 mg. Of the four patients treated
with 0.5 mg, one was escalated to 2 mgafter six injections over
an 1 8-wk period and another one after three injections over an
8-wk period. Of the five patients treated with a dose of 2 mg,
one was escalated to 4 mg after three injections over a 5-wk
period. The smallest and the largest cumulative dose of anti-
idiotypic MAbadministered per patient were 1.5 and 17.5 mg,
respectively, with an average dose of 9.5 mgper patient. None
of the immunizations with antiidiotypic MAbMFI 1-30 was
associated with any toxicity and allergic or anaphylactic reac-
tions, although in all the patients anti-mouse Ig antibodies
could be detected even before treatment was initiated. Pa-
tients' sera reacted with the whole IgG of mouse MAbwith a
titer ranging between 1:40 and 1:320. This finding, as well as
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the low reactivity of patients' preimmune sera with F(ab')2
fragments of mouse MAb, is in agreement with the informa-
tion available in the literature (25-29). The antibodies reacting
with whole IgG of mouse MAbwere not absorbed by goat and
rabbit Ig. After immunization in all the patients, the level of
anti-mouse Ig antibodies increased. The time required for the
increase in the level of anti-mouse Ig antibodies ranged be-
tween a minimum of 1 and a maximum of 4 wk. The highest
titer of anti-mouse Ig antibodies ranged between a minimum
of 1:320 and a maximum of 1:5,120. The titer of anti-mouse
Ig antibodies persisted for as long as 41 wk even in the absence
of additional boosters. The reactivity of the immune sera was
higher with the whole IgG and with the F(ab')2 fragments of
the immunizing MAbMF11-30 than with isotype matched
mouse MAb, in terms of both bound counts per minute and
titer. Furthermore, absorption of immune sera with MAb
MF11-30 removed their reactivity with all the MAbtested. On
the other hand, immune sera reacted with MAbMF11-30 fol-
lowing absorption with isotype matched MAb. Representative
results are shown in Fig. 1.

Serum drawn weekly from each patient was tested for its
ability to inhibit the binding of the antiidiotypic MAb
MFI 1-30 to the anti-HMW-MAA MAb225.28. The inhibi-
tory activity reflects the development of anti-antiidiotypic an-
tibodies, since it was not affected by the removal of antiisotype
antibodies by absorption with isotype-matched mouse MAb.
Representative results are shown in Fig. 2. The 2.0-mg dose
level was the lowest dose to induce anti-antiidiotypic antibod-
ies with sustained titers. The 0.5-mg dose induced low titer
anti-antiidiotypic antibodies only in one of the four treated
patients following 9 wk of treatment, although it increased
anti-mouse Ig antibody level with a kinetics similar to that
found in patients treated with the 2.0-mg dose (Fig. 3). At the
3.0-mg dose level, patients entered developed anti-antiidio-
typic antibodies with a kinetics and a titer similar to those
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Figure 2. Specificity of anti-antiidiotypic antibodies in patients LB and WKimmunized with the mouse antiidiotypic MAbMF11-30. Serum
was obtained on day 42 from patient LB (A) and WK(B) who had been immunized on day 0, 7, and 28 with subcutaneous injections of MAb
MFI 1-30 (2 mgper injection). Unabsorbed serum (-) and serum that had been absorbed with mouse Ig (---) were incubated with '25I-anti-
idiotypic MAbMF9-I0 (o), MFI 1-30 (o), MK2-23 (A), TK6-74 (*), and K03-34 (+) (2 X I05 cpm) for 4 h at 4°C. Then the mixture was added
to anti-HMW-MAA MAb149.53 (o), 225.28 (o), 763.74 (A), TP41.2 (s), and KS13 (+) coated 96-well microtiter plates (I jig/well). At the end
of a 2-h incubation at room temperature, plates were washed five times with PBS-T20. Bound radioactivity was measured in a gammacounter.
Results are expressed as percent inhibition of the binding of '251-antiidiotypic MAbto the corresponding anti-HMW-MAA MAbas compared
with binding performed in the presence of preimmune serum.
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Figure 3. Dose-dependent induction of anti-mouse Ig antibodies and
of anti-antiidiotypic antibodies in patients immunized with the
mouse antiidiotypic MAbMFl 1-30. Patients were immunized on
the days indicated by the arrows with subcutaneous injections of
MAbMFl 1-30 (0.5 [o], 2 [-], or 3 [.] mgper injection). Sera were
drawn weekly and tested for the level of anti-mouse Ig antibodies in
a binding assay (A) and of anti-antiidiotypic antibodies, i.e., antibod-
ies that inhibit the binding of '25I-MAb MFl 1-30 to anti-HMW-
MAAMAb225.28, in an inhibition assay (B).

found in the patients treated with 2.0 mg (Fig. 3). Antibodies
reacting with cultured human melanoma cells Colo 38 were
not detected in any of the immunized patients. Minor re-
sponses were observed in three patients with a decrease in
pulmonary, testicular, and/or cutaneous lesions. The response
lasted 83, 36, and 34 wk.

The 2-mg dose was then selected to implement an efficacy
trial in eleven male and ten female patients with a median age
of 54 yr (ranges of 27 and 74 yr) and with a mean performance
status of 70% (ranges of 60 and 90%). Metastatic sites included
skin in seven patients, lymph nodes in five, bones in two, brain
in four, lung in two, liver in six, and local recurrence of disease
in two. In terms of prior therapy, 6 patients had been treated
only with surgery; the remaining 15 had received combina-
tions of immunotherapy, which included IL-2, alpha inter-
feron, and the mouse anti-GD3 ganglioside MAbR24; chemo-
therapy, which included cisplatin, DTIC, and nitrosourea;
and/or radiation therapy to painful bone disease or brain me-
tastases. The immunization schedule was like the one in the

initial trial. The number of immunizations per patient ranged
between a minimum of 3 and a maximum of 12 with an
average of 7.5 per patient. The time of treatment ranged be-
tween a minimum of 4 and a maximum of 95 wk with an
average of 47 wk.

In this trial also, no toxicity was observed. Extensive sero-
logical evaluation was carried out in only 19 patients; their
clinical characteristics are summarized in Table I. Two pa-
tients were excluded from the study, since they were treated for
less than 4 wk because of progression of disease. Before the
immunization, eight patients had an anti-mouse Ig antibody
titer < 1: 160, eight between 1: 160 and 1:640, and three higher
than 1:640. Following immunization no change was detected
in the titer of anti-mouse Ig antibodies in two patients, while
an increase was observed in the remaining 17. The time re-
quired for the increase ranged between 1 and 6 wk with an
average time of 3.5 wk. Anti-mouse Ig antibody titers per-
sisted for 54 wk in the absence of additional boosters.

Anti-antiidiotypic antibodies were not detected in any of
the patients before the immunization started; 16 of the 19
patients developed anti-antiidiotypic antibodies. The time for
their development ranged between a minimum of 2 and a
maximum of 10 wk with an average time of 6 wk. The titer of
anti-antiidiotypic antibodies, i.e., the dilution of serum which
inhibited the binding of '25I-MAb MFl 1-30 to MAb225.28 by
90%, was at least 1:8 in seven patients, 1:4 in eight, and 1:2 in
one (Table I). Patients' immune sera did not inhibit the bind-
ing of 251I-antiidiotypic MAb K03-34 to the corresponding
anti-HLA-DQw3 MAb KS13, but inhibited the binding of
'251-antiidiotypic MAbMF9-10, MK2-23, and TK6-74 to the
corresponding anti-HMW-MAA MAb 149.53, 763.74, and
TP41.2. This inhibitory effect was lost following absorption
with mouse IgG, which however did not affect the inhibition of
the binding of '25I-antiidiotypic MAbMFI 1-30 to MAb
225.28. In the seven patients with a titer of anti-antiidiotypic
antibodies of at least 1:8, the serum level of HMW-MAAdid
not change throughout the period of observation, while in the
remaining 12, the level of serum HMW-MAAincreased dur-
ing the treatment. Representative results are shown in Fig. 4.

Before immunization with MAb MFI 1-30, antibodies
reacting with cultured human melanoma cells were detected
only in patient MM. After immunization with MAbMFl 1-30,
antibodies reacting with cultured melanoma cells were not
induced in any patient; however, the level of antibodies in-
creased in patient MM(Fig. 5). The increase occurred later
than the development of anti-antiidiotypic antibodies which
inhibit the binding of 251I-MAb MFl 1-30 to MAb225.28. The
latter reached their maximal titer earlier than the antibodies
reacting with melanoma cells. It should be noted that serum
from this patient reacted also with cultured human B and T
lymphoid cells, although to a lower extent than with mela-
noma cells (Fig. 5). After absorption with human lymphoid
cells, the absorbed serum lost its reactivity with lymphoid cells,
but continued to react with cultured melanoma cells, although
to a lower extent than the unabsorbed serum (Fig. 6).

The serum from patient MMdid not immunoprecipitate
any component from '25I-labeled cultured melanoma cells,
probably because of the low affinity and/or level of antibodies
induced by antiidiotypic MAbMFl 1-30. Therefore, to prove
their reactivity with HMW-MAA,sera were tested with
HMW-MAApurified from an extract of cultured melanoma
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Table L. Clinical Characteristics of Patients with Melanoma Treated with the Mouse Antiidiotypic MAbMFI 1-30

Age Duration of Anti-antiidio- Survival
Name (yrs) Sex disease (mo) Site of primary lesion Site of metastases typic antibodies* (wk)

CS 55 F 45 Back Lymph node 1:16 95
PB 52 F 131 Back Skin, breast, pancreas 1:8 65
MK 74 F 37 Nasopharynx Local recurrence 1:16 77
GS 52 F 73 Shoulder Lung, spleen, bladder 1:16 20
MT 27 M 36 Chest wall Liver, spleen 1:8 45
LB 34 F 50 Temple Skin, liver, colon 1:32 55
CD 34 M 12 Unknown Bone 1:8 16
DG 63 F 72 Sinus Orbit 1:4 41
MB 37 M 16 Back Liver 1:4 8
JS 64 M 153 Back Lung, liver, spleen 1:2 47
PG 37 F 96 Neck Skin, brain, colon 1:4 57
OD 64 M 40 Chest wall Liver, spleen 1:4 32
JB 57 M 22 Back Skin, brain stem 1:4 19
WK 68 M 27 Abdominal wall Bone 1:4 13
MM 64 F 37 Vulva Skin, liver 1:4 13
AC 53 F 125 Forehead Skin 1:4 53
CW 33 F 23 Thigh Skin, lymph node, brain, breast - 19
WC 64 M 72 Shoulder Lymph node, adrenal gland 9
AS 53 M 17 Breast Lymph node, liver, lymph node 14

* Twofold dilutions of sera were tested for their ability to inhibit the binding of '25I-antiidiotypic MAbMFl 1-30 to anti-HMW-MAA MAb
225.28 in an inhibition assay. Results are expressed as the highest dilution of serum which inhibits the idiotype-antiidiotype reaction by more
than 90%. t Sera did not inhibit the idiotype-antiidiotype reaction.

cells Colo 38 by binding to a 96-well microtiter plate coated
with MAb149.53. The latter recognizes a distinct and spatially
distant determinant from that defined by MAb 225.28 (12).
Like MAb225.28, patient MM's serum reacted with the puri-
fied HMW-MAA.The binding is specific, since patient MM's
serum did not react with MAb 149.53-coated plates that had
been preincubated with an extract of cultured B lymphoid cells
LG-2. The antibodies induced by MAb MFl 1-30 recognize
the same (or spatially close) determinant as that reacting with

MAb 225.28, since patient MM's serum did not react with
HMW-MAAbound to MAb225.28-coated microtiter plates
(Fig. 7). Conversely, coating of melanoma cells with patient
MM's serum inhibited the binding of '25I-anti-HMW-MAA
MAb 225.28 by more than 50%. The inhibition is specific
since patient MM's serum did not affect the binding of '25I-
anti-ICAM- I MAbCL207. 14 to melanoma cells (Fig. 8). The
antibodies induced in patient MMby antiidiotypic MAb
MFl 1-30 express the corresponding idiotope in their antigen-
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Figure 4. Level of serum HMW-MAAin patients who had developed high or low levels of anti-antiidiotypic antibodies following immuniza-
tion with the mouse antiidiotypic MAbMFI 1-30. Sera were obtained on the indicated days from patients PB (o), CS (m), and MK(i), (A), CW
(o), WK(m), and AC (i), (B), who had been immunized on the days indicated by the arrows with subcutaneous injections of MAbMFl 1-30 (2
mgper injection). Serum was added to anti-HMW-MAA MAb 149.53 (1 ,Ag/well)-coated plates. At the end of a 4-h incubation at 4°C plates
were washed three times with PBS-T20 and incubated for 2 h at 4°C with mouse Ig (1 #g per well) to inhibit the reactivity of anti-mouse Ig an-
tibodies with 125I-anti-HMW-MAA MAb763.74. Then, plates were washed three times with PBS-T20 and added with 1251-MAb 763.74 (2
X 105 cpm per well). At the end of a 2-h incubation at room temperature plates were washed five times with PBS-T20. Bound radioactivity was
measured in a gammacounter. Results are expressed as bound counts per minute per well.
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Figure 5. Kinetics of the development of antibodies reacting with
cultured human cells, of anti-mouse Ig antibodies, and of anti-anti-
idiotypic antibodies in patient MMimmunized with the mouse anti-
idiotypic MAbMFI 1-30. Patient MMwas immunized on the days
indicated by the arrows with subcutaneous injections of MAb
MFI 1-30 (2 mgper injection). Serum was drawn weekly. Each sam-

ple was tested with cultured melanoma cells Colo 38 (o), cultured B
lymphoid cells LG-2 (m), and cultured T lymphoid cells MOLT-4 (m)
in a binding assay with '25I-anti-human Ig xenoantibodies (A), with
the antiidiotypic MAbMFI 1-30 in a binding assay with '25I-anti-
human Ig xenoantibodies (B), and in an inhibition assay with 1251-

MAbMFI 1-30 and anti-HMW-MAA MAb225.28 (C).

combining site, since the binding of patient MM's serum to
melanoma cells was blocked by the immunizing antiidiotypic
MAbMF11-30 in a dose-dependent fashion. The inhibition is
specific, since incubation with the unrelated antiidiotypic
MAbK03-34 did not affect the binding of patient MM's serum
to melanoma cells (Fig. 9).

Immunization with the antiidiotypic MAbMFI 1-30 was

associated with a complete remission in one patient who

DAYS

Figure 6. Differential reactivity with cultured human melanoma cells
Colo 38 and with cultured human B lymphoid cells LG-2 of serum

from patient MMimmunized with the mouse antiidiotypic MAb
MFI 1-30. Patient MMwas immunized on the days indicated by the
arrows with subcutaneous injections of MAbMFI 1-30 (2 mgper in-
jection). Serum was drawn weekly. Following absorption with cul-
tured B lymphoid cells LG-2 each sample was tested with cultured
melanoma cells Colo 38 (o) and with cultured B lymphoid cells
LG-2 (i) in a binding assay with '25I-anti-human Ig xenoantibodies.

achieved disease-free status after 52 wk from the start of ther-
apy. This patient presented with a primary lesion resected
from the back. Two years later she developed axillary and
inguinal lymph node metastasis; both were resected. Before
entering this trial, this patient had diffuse metastatic disease to
her pelvic and paraaortic lymph nodes. This patient remained
disease-free for 43 wk. Minor responses were observed in three
patients with the duration of 14, 55, and 77 wk. In addition, it
is noteworthy that the average survival of the seven patients
who had developed anti-antiidiotypic antibodies with a titer of
at least 1:8 and displayed no marked changes in the level of
serum HMW-MAAwas 55 wk (ranges of 16 and 95 wk). On
the other hand, the average survival of the remaining 12 pa-
tients who developed anti-antiidiotypic antibodies with a titer
of 1:4 or less and displayed an increase in the level of serum
HMW-MAAwas 19 wk (ranges of 8 and 57 wk). The dif-
ference between the two groups is statistically significant
(P < 0.01).

Discussion

This study describes the results of a phase I clinical trial in
patients with stage IV malignant melanoma using the mouse

antiidiotypic MAbMF11-30 elicited with the syngeneic anti-
HMW-MAAMAb225.28. To the best of our knowledge, this
is the first clinical trial of active specific immunotherapy with
mouse antiidiotypic MAb in patients with solid tumors. The
trial implemented by Herlyn et al. (30) in patients with colo-
rectal carcinoma used antiidiotypic antibodies isolated from a

goat immunized with a mouse anti-human TAA MAb. Fur-
thermore, the trial with mouse antiidiotypic MAbin patients
with lymphoma (31, 32) is a type of passive immunotherapy
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Figure 7. Reactivity with HMW-MAAof serum from patient MM
immunized with the mouse antiidiotypic MAbMFl 1-30. Serum was
obtained on day 63 from patient MMwho had been immunized on
day 0, 7, 28, and 42 with subcutaneous injections of MAbMFl 1-30
(2 mgper injection). An NP40 extract of cultured human melanoma
cells Colo 38 was incubated for 4 h at 4°C in microtiter plates coated
with anti-HMW-MAA MAb 149.53 (o) or MoAb225.28 (m) (I ,g
per well). Following three washings with PBS-T20, preimmune and
immune sera (50 gl per well) were added. At the end of a 4-h incuba-
tion at 4°C, plates were washed three times with PBS-T20 and added
with '25I-anti-human IgG + Mxenoantibodies (2 X lO cpm per
well). Incubation was continued for an additional 2 h at room tem-
perature. Plates were then washed five times with PBS-T20 and
dried. Bound radioactivity was measured in a gammacounter. Re-
sults are expressed as bound counts per minute per well. MAb
149.53 coated wells incubated with an NP40 extract of cultured B
lymphoid cells LG-2 that do not express HMW-MAA(m) were used
as controls. The binding of HMW-MAAto MAb 149.53 and to
MAb225.28-coated wells was monitored with '25I-MAb 225.28 and
with '25I-MAb 149.53, respectively.

which relies on the direct interaction of antiidiotypic antibod-
ies with tumor cells.

Four results of our investigations are noteworthy. First, the
most reassuring aspect of our trial has been the lack of side
effects in patients with stage IV melanoma immunized with
repeated injections of mouse antiidiotypic MAbMFl 1-30 in
spite of the development of anti-mouse Ig antibodies. The
therapy is well tolerated and therefore could be administered
on an outpatient basis. This has greatly facilitated the recruit-
ment of patients to our clinical trial. Second, at least seven
patients showed regression of cutaneous and/or visceral me-
tastases. The low frequency of clinical remissions in this phase
I trial with a mouse antiidiotypic MAbthat bears the mirror
image of HMW-MAAis not surprising, since therapy was
administered only to patients with advanced disease. They are
likely to have impairment of their immune system because of
the disease and/or of previous chemotherapy and radiother-
apy. A cause-effect relationship between the immunization
with the antiidiotypic MAbMFl 1-30 and the clinical response
has not been formally proven in our investigations. However,
the potential role of immune phenomena triggered by the in-
jection of the antiidiotypic MAbMFl 1-30 in the responses we
have observed is suggested by the significantly longer survival
in patients who developed a high titer of anti-antiidiotypic
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Figure 8. Inhibition of the binding of anti-HMW-MAA MAb
225.28 to cultured human melanoma cells Colo 38 by sera from pa-
tient MMimmunized with the mouse antiidiotypic MAbMFI 1-30.
Sera were obtained on day 42 (---) and 63 (-) from patient MM
who had been immunized on day 0, 7, 28, and 42 with subcutaneous
injections of MAbMFl 1-30 (2 mgper injection). Cultured mela-
noma cells Colo 38 were incubated with patient MM's serum for 2 h
at 4°C. Then the supernatant was carefully removed and cells were
added with '251-anti-HMW-MAA MAb225.28 (o). Following an ad-
ditional 2-h incubation at 4°C, cells were washed with PBS supple-
mented with 1% BSA (PBS-BSA) and bound radioactivity was mea-
sured in a gammacounter. Results are expressed as percent inhibi-
tion of the binding of '251-labeled MAbto melanoma cells as
compared with binding performed in the presence of preimmune
serum. '251-anti-ICAM-l MAbCL207.14 (A) was used as a specific-
ity control.

antibodies. Third, the detection of anti-HMW-MAA antibod-
ies in patient MMfollowing immunization with the mouse
antiidiotypic MAbMF11-30 shows for the first time that
mouse antiidiotypic MAb that bear the internal image of a
human MAAidentified with mouse MAbcan induce immu-
nity to the corresponding MAAin patients. At least two possi-
bilities may be envisioned for the detection of anti-HMW-
MAAantibodies in only one of the patients immunized with
MAbMFl 1-30. The results we have obtained in animal model
systems (Chattopadhyay et al., submitted for publication) sug-
gest that this finding may reflect the low immunogenicity of
the idiotope of MAbMFl 1-30 that mimics the HMW-MAA,
when injected without conjugation to a carrier and mixing
with an adjuvant. Neither reagent could be used for ethical
reasons in this first clinical trial because of the lack of infor-
mation about the toxicity in patients with melanoma of mouse
antiidiotypic MAbin the HMW-MAAsystem. An alternative,
but not exclusive, possibility is that anti-HMW-MAA anti-
bodies are induced by MAbMFl 1-30, but are not detectable,
since they are absorbed by melanoma lesions and/or are com-
plexed with the HMW-MAAand with antiidiotypic antibod-
ies. The latter may be formed following the triggering by the
injection of MAb MFI 1-30 of the idiotypic cascade in the
HMW-MAAsystem. Last, human and mouse anti-HMW-
MAAantibodies share the idiotope recognized by the anti-
idiotypic MAbMFl 1-30. This phenomenon is not unique to
the HMW-MAAsystem, since sharing of idiotopes among
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Figure 9. Inhibition by antiidiotypic MAbMFI 1-30 of the binding
to cultured human melanoma cells Colo 38 of serum from patient
MMimmunized with the mouse antiidiotypic MAbMFl 1-30.
Serum was obtained on day 63 from patient MMwho had been im-
munized on day 0, 7, 28, and 42 with subcutaneous injections of
MAbMF11-30 (2 mgper injection). Serum from patient MMwas
incubated with the antiidiotypic MAbMFl 1-30 (o - o) for 2 h at
room temperature. Then the mixture was added to cultured mela-
noma cells Colo 38 and the incubation was continued for an addi-
tional 2 h at 4°C. Then cells were washed with PBS-BSA and incu-
bated with '25I-anti-human Ig xenoantibodies. Following additional
washings bound radioactivity was measured in a gammacounter.
Results are expressed as percent inhibition of the binding of '25I-la-
beled antibodies to melanoma cells as compared to binding per-
formed in the presence of mouse Ig. The unrelated antiidiotypic
MAbK03-34 (A - A) was used as a specificity control.

xenogeneic antibodies has been described in several antigenic
systems (29, 32-36).

The results we have obtained justify the continuation of the
clinical trial with mouse antiidiotypic MAbthat bear the in-
ternal image of HMW-MAA.Future studies will have to ana-
lyze the development of cell-mediated immunity to HMW-
MAAin patients treated with antiidiotypic MAbin view of its
potential role in the clinical course of the disease (37). Further-
more, the immunization protocol has to be optimized and
criteria have to be identified to select patients who are likely to
benefit from this type of active specific immunotherapy.
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