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Doxorubicin conjugated with a monoclonal antibody directed to a
human melanoma-associated proteoglycan suppresses the
growth of established tumor xenografts in nude mice
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ABSTRACT Doxorubicin (DXR) was covalently conju-
gated to a monoclonal antibody (mAb), 9.2.27 (IgG2a), which
recognizes a chondroitin sulfate proteoglycan expressed pref-
erentially on the surface of human melanoma cells. Immuno-
conjugates with a molar ratio of DXR to mAb ranging from
2:1 to 10:1 were obtained by coupling the drug via an
acid-sensitive linker, cis-aconitic anhydride. The immunoreac-
tivity of mAb 9.2.27 was well retained after conjugation.
DXR-mAb 9.2.27 conjugates were found to be 2 orders of
magnitude more potent in killing tumor cells in vitro (ICSo =
0.1 ,LM) than free drug targeted to drug receptors(s). Most
significantly, DXR-imAb 9.2.27 immunoconugates specifi-
cally suppressed the growth of established tumors in vivo and
prolonged the life-span of tumor-bearing nude mice. This
suppression of melanoma growth achieved by the immunocon-
jugate was both tumor and antibody specific. A biodistribution
study indicated that DXR-mAb 9.2.27 conjugates delivered at
least 4 times more DXR (3.7% total injected dose per g of
tumor) as compared to free DXR alone (0.8% total injected
dose per g of tumor) in tumor-bearing nude mice 48 hr
postinjection. The tumor-suppressive effects of DXR-mAb
9.2.27 conjugates are even more remarkable since free DXR
did not suppress tumor growth in vivo and also because this
drug per se is known to be quite ineffective for the treatment of
human melanoma.

The potential usefulness of monoclonal antibodies (mAbs) to
deliver drugs, radionuclides, or toxins to tumor sites in vivo
has been under active investigation (1-3). mAbs directed
against well-characterized tumor-associated antigens have
made it possible to critically evaluate their suitabilities as
carriers for cytotoxic molecules or radionuclides. The use of
such immunoconjugates for accurate delivery of lethal
agents to human tumor targets promises to create a genera-
tion of treatment modalities that may reduce side effects,
facilitate more selective tumor targeting, result in improved
therapeutic indices and decreased lethal doses, and possibly
even decrease the incidence of multiple drug resistance.

Specifically, mAb 9.2.27, recognizing a melanoma-
associated chondroitin sulfate proteoglycan expressed pref-
erentially on the cell surface of human melanoma cells (4),
was previously shown to only partially suppress the human
melanoma xenograft in nude mice when conjugated with a
diphtheria toxin A chain (5). In this report, we conjugated a
chemotherapeutic drug, doxorubicin (DXR), to mAb 9.2.27
via an acid-sensitive linker, cis-aconitic anhydride. This
linker between the macromolecule and the drug was re-
ported to preserve both antibody and DXR activities (6, 7).
It is postulated that such conjugates remain stable at the
intravascular pH of 7.4, but once endocytosed by the target

cell, the drug is cleaved in the more acidic environment of
endosomes and lysosomes and intercalated with nuclear
DNA (8-10). The results of our study showed that such
immunoconjugates not only retained good immunoreactivity
and pharmacological activity in vitro but also effectively
suppressed established human melanoma xenografts in an
athymic (nu/nu) mouse model.

MATERIALS AND METHODS
Cells. UCLA-SO-M21 melanoma cells (M21) were main-

tained in vitro as described (4, 5). Neuroepithelioma cells
(NMB-7) kindly provided by S. K. Liao (McMaster Univer-
sity, Canada) and adenocarcinoma of the lung cells (UCLA-
SO-P3; UCLA-P3) were maintained in culture.

Antibodies. mAb 9.2.27 (IgG2a) recognizes a proteoglycan
preferentially expressed on human melanoma cells (4). mAb
11.4.1 (IgG2a), directed against a mouse H-2Kk antigen, was
obtained from American Type Culture Collection. mAbs
were purified by protein A-Sepharose chromatography (11).

Conjugation of DXR to mAbs. Conjugation of DXR to
mAbs was achieved by an acid-sensitive linker, cis-aconitic
anhydride, with modifications (6, 7). Briefly, 12 mg of
cis-aconitic anhydride (Sigma) was dissolved in 3 ml of a
50% aqueous solution of p-dioxane at 250C and added
dropwise to an ice-cold solution of DXR (12 mg in 6 ml of
distilled water) and keeping the pH at 9.0 by the addition of
0.5 M NaOH. After 15 min, the pH was adjusted to 7.0 and
continued for another 1 hr. Six milligrams of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (Sigma) was then added
to the solution for 30 min, followed by 6 mg of mAb (10
mg/ml in P,/NaCl, pH 7.0). The reaction proceeded at pH
7.0 for 3 hr at 250C. The immunoconjugates were purified
with Sephadex G-25 Fine (Pharmacia) and dialyzed against
P1/NaCl at 40C. The molar ratio of mAb to DXR was
determined by assessing protein concentration with a protein
dye-binding assay (Bio-Rad) (12) while DXR was quantitated
by measuring its absorbance at 476 nm with an extinction
coefficient Elm of 173. The immunoconjugates were lyophi-
lized in the presence of 10% lactose and were stored at
- 200C until use.
ELISA. The retention of mAb activity after conjugation

was determined with an ELISA as described (13). Antibody
concentration was varied from 10 pgg/ml to 10 ng/ml. The
absorbance at 490 nm was measured with a microtiter plate
reader (Bio-tek Instruments, Burlington, VT).
Growth Inhibition Achieved by DXR-mAb Conjugates. The

pharmacological activity of DXR-mAb conjugates was as-
sessed by a [3H]thymidine incorporation assay. Briefly, 3 x
104 cells were exposed to serially diluted DXR-mAb for 2 hr
at 250C. The cells were then washed twice, plated into

Abbreviations: DXR, doxorubicin; mAb, monoclonal antibody.
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96-well tissue culture plates (104 cells per well), and incu-
bated at 370C overnight in RPMI 1640 medium supplemented
with 10% fetal calf serum. Subsequently, 1 ACi of [3H]thy-
midine (1 Ci = 37 GBq) (New England Nuclear) was added
to each well followed by incubation for another 24 hr. Cells
were harvested, and the incorporation of [3H]thymidine was
determined. In these experiments, equivalent amounts of
either native antibody or free DXR was added for compari-
son. NMB-7 neuroepithelioma cells served as an antigen-
negative control, since they do not express the melanoma-
associated proteoglycan antigen recognized by mAb 9.2.27.

Localization of DXR in M21 Cells. M21 melanoma (104
cells) were plated in a culture dish (Falcon 3001) overnight at
370C in complete RPMI 1640 medium supplemented with
10% fetal calf serum. One milliliter of DXR-mAb 9.2.27
conjugate (50 ,ug of protein per ml) was added and incubated
at 370C from 30 min up to 3 hr. Unbound DXR-mAb
conjugate was removed by washing twice with cold P1/NaCl.
Two milliliters of cold P,/NaCl was added to the dish and the
cells were examined with an ACAS 470 workstation (Me-
ridian Instruments, Okemos, MI) equipped with a 514-nm Ar
laser to excite the DXR molecules and measure the emis-
sions of red fluorescence above 544 nm. In these experi-
ments, the laser power was set at 200 mW and the efficiency
of the photomultiplier tube was held at 50% with the scan
strength set at 10o of original laser power. A pseudocolor
image of fluorescent intensity was then generated. The
corresponding phase-contrast image of the cells was taken
directly from an Olympus OM inverted microscope. In some
experiments, 25 AM chloroquine was added to the culture
dishes for 1 hr at 37TC before adding the DXR-mAb conju-
gates containing an equal concentration of chloroquine.

Evaluation of the Efficacy ofDXR-mAb Conjugates in Vivo.
The efficacy and specificity of DXR-mAb 9.2.27 conjugates
were analyzed in a xenogenic athymic (nu/nu) mouse model.
Briefly, 5 x 106 M21 (antigen-positive) or UCLA-P3 (anti-
gen-negative) cells were injected s.c. into the right flank of 6-
to 8-wk-old female BALB/c (nu/nu) mice and allowed to
establish a tumor for 10 and 8 days, respectively. Nude mice
that had developed palpable tumors with tumor volumes of
=10 mm3 were then selected for treatments. A DXR-mAb
9.2.27 conjugate with a molar ratio of 10:1 was used for
injection. Various treatment modalities were used including
the following: mAb 9.2.27 alone, DXR alone, DXR-mAb
9.2.27 conjugate, mAb 9.2.27 mixed with an equal amount of
DXR used in the DXR-mAb 9.2.27 conjugate, and an
irrelevant DXR-mAb 11.4.1 conjugate. All injections were
made i.v. at day 10 and at 3-day intervals thereafter for 30
days (10 injections). Each group contained 6-12 mice. Each
animal received a total equivalent dose of 75 ,g of DXR
and/or 2 mg of mAb. Tumor growth was determined every
3rd day by measuring 3 diameters of the subcutaneous
tumors with calipers. The tumor volume was calculated by
the formula (d1 x d2 x d3)/2 (14), where d1, d2, and d3 are
the length, width, and height of the tumor, respectively. The
differences in tumor volumes between experimental groups
were analyzed by the Student's t test. The median survival
time in days was determined, and from this the percentage of
increase in life-span (ILS) was calculated (15):

%ILS = (t/c - 1) x 100,

where t is the median survival days of mice in the experi-
mental group treated with mAb 9.2.27-DXR and c is the
median survival days of mice in the control group treated
with mAb 9.2.27 alone.

Biodistribution of DXR-mAb 9.2.27 Conjugates. The re-

spective tissue distributions of DXR per se and DXR-mAb
9.2.27 conjugates after i.v. injection were compared in nude
mice bearing M21 tumors. Briefly, 10 ,Ci of [14-14C]DXR
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(56 mCi/mmol; Amersham) or 5 ,Ci of [14-14C]DXR-mAb
9.2.27 (1 uCi per mmol of conjugates) was injected i.v.
through the tail vein into 12 mice with an average tumor
weight of 400 mg. At 1, 6, 24, and 48 hr postinjection, three
mice were bled retroorbitally, and major tissues were dis-
sected, weighed, and dissolved in 4 ml of TS-2 (RPI, Mount
Prospect, IL). The dissolved tissue was acidified and count-
ed in a,-counter. The results were expressed as the per-
centage of injected dose per g of tissue.

RESULTS
Immunoreactivity of DXR-mAb 9.2.27 Conjugates. mAb

9.2.27 conjugated with 10 molar substitutions of DXR re-
tained at least 80% of immunoreactivity after conjugation
when measured by direct binding of mAb 9.2.27 or DXR-
mAb 9.2.27 to M21 target cells in an ELISA (data not
shown).

Pharmacological Activity of DXR-mAb 9.2.27 Conjugates.
The DXR activity of immunoconjugates was monitored by
an assay measuring [3H]thymidine incorporation since DXR
is known to intercalate with DNA (16) and cause a cell-cycle
arrest in the G2 phase (17). DXR-mAb 9.2.27 conjugates
with a molar ratio of 10:1 (drug/Ab) showed specific dose-
dependent growth inhibition of M21 target cells (9.2.27-
positive; Fig. LA) but had no effect at all on NMB-7
neuroepithelioma cells (9.2.27-negative; Fig. 1B). A 2-hr
exposure of M21 cells to 8 ,uM DXR-mAb 9.2.27 conjugate
inhibited 66% of the [3H]thymidine incorporation as com-
pared to a medium control (IC50 = 0.1 ,uM). Free DXR
ranging from 10 nM to 1 ,uM had a negligible effect on
[3H]thymidine incorporation (IC50 = 10 ,uM). At corre-
sponding concentrations, mAb 9.2.27 alone failed to inhibit
the [3H]thymidine incorporation (data not shown).

Specific Inhibition of Tumor Cell Growth by DXR-mAb
Conjugates. To determine whether the observed effect of
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FIG. 1. Suppression of human tumor-cell growth in vitro by
DXR-mAb 9.2.27 conjugates. The efficacy of two DXR-mAb 9.2.27
conjugates with molar DXR/mAb ratios of 10:1 (A) and 5:1 (-) is
shown in inhibiting [3H]thymidine incorporation on 9.2.27 antigen-
positive M21 cells (A) and 9.2.27 antigen-negative NMB-7 cells (B).
Efficacy of DXR alone is also indicated (o). Each data point
represents an average of triplicate determinations. At corresponding
concentrations, mAb 9.2.27 alone fails to inhibit the incorporation of
[3H]thymidine (data not shown).
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FIG. 2. Specificity of DXR-mAb conjugates in suppressing the
growth of tumor cells in vitro. Equivalent doses of DXR in respec-
tive conjugates with mAb 9.2.27 (e), mAb 11.4.1 (A), and normal
mouse IgG (o) and of free DXR (A) were tested for their ability to
inhibit the [3H]thymidine incorporation on M21 cells. Each data
point represents an average of triplicate determinations.

DXR-mAb 9.2.27 conjugates (Fig. 1) is antigen specific,
both an irrelevant mAb, 11.4.1 (IgG2a) directed against a
mouse H-2Kk antigen, and a normal mouse IgG were con-
jugated to DXR using the same protocol as for mAb 9.2.27
(IgG2a). Results showed that at equivalent doses of DXR,
only DXR-mAb 9.2.27 conjugates inhibited proliferation of
M21 cells (Fig. 2). In contrast, DXR conjugated to either
irrelevant mAb 11.4.1 or normal mouse IgG failed to achieve
any significant inhibition of tumor cell growth.

Intracellular Localization of DXR-mAb Conjugates. To
obtain some insight into possible mechanism(s) of growth
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FIG. 4. Efficacy of DXR-mAb conjugates in suppressing tumor
growth in vivo. M21 melanoma (A) and irrelevant UCLA-P3 lung
tumor cells (B) were established as tumors in nude mice. Arrows
indicate the first day of treatment for each tumor. Each animal was
injected with a total dose of 75 jig of DXR i.v. during the following
30 days. e, mAb 9.2.27 alone; o, DXR alone; A, DXR-mAb 9.2.27;
*, DXR-mAb 11.4.1; A, unconjugated mixture of DXR and mAb
9.2.27. The tumor volume in the UCLA-P3 lung tumor group was
monitored for the first 30 days only since the animals began to die at
that time in all three treatment groups (B).

inhibition achieved by DXR-mAb conjugates, the intracel-
lular localization of DXR-mAb conjugates was monitored
with an ACAS workstation. In an initial study, free DXR
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FIG. 3. Intracellular localization of DXR-mAb 9.2.27 conjugate in M21 cells. Melanoma cells were preincubated with 25 JM chloroquine
for 1 hr at 37°C. DXR-mAb 9.2.27 conjugate was then added and incubated for another 2 hr. The cells were then analyzed with the ACAS 470
workstation. DXR molecules were found in the nuclei after 2 hr of incubation in the absence of chloroquine (A, phase contrast; B, fluorescence
intensity of cells in the same field). In the presence of chloroquine, DXR-related fluorescence was concentrated at the perinuclear regions of
M21 cells (C and D) and did not enter the nuclei.
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Table 1. Effects of DXR-mAb conjugates on the survival of
human tumor-bearing nude mice

Survivors at day
120/mice

Tumor Treatment % ILS* treated

Melanoma mAb 9.2.27 0 0 /10
(M21) DXR 27 0 /12

DXR-mAb 9.2.27 81t 4 /12
DXR-mAb 11.4.1 -5 0 /6
mAb 9.2.27 +

free DXR -7 0 /6
Lung adeno- mAb 9.2.27 -9 0 /6
carcinoma DXR -12 0 /6
(UCLA-P3) DXR-mAb 9.2.27 7 0 /6

*Percentage increase in life-span (ILS) on day 120 after tumor
inoculum. The survival time of control mice treated with mAb
9.2.27 alone was 55 days.
tMann.Whitney U test; P < 0.01.

was localized in the nuclei of M21 cells after 30 min
incubation at 37rC (daa not shown). The nuclei-associated
fluorescence in these cells was resistant to RNase but
sensitive to DNase treatment, indicating that DXR was
bound to nuclear DNA. Under identical conditions (30 min
at 3rC), DXR-mAb 9.2.27 conjugates were predominantly
observed in the cytoplasm. However, after a 2-hr incubation
at 37TC, the majority of fluorescence was found in the
nucleus (Fig. 3 A and B). This time lag required for the
DXR-mAb 9.2.27 to enter the nucleus prompted an exami-
nation of the possible involvement of lysosomal degradation
of DXR-mAb conjugates during this process. As expected,
when the pH ofthe lysosomal compartment ofM21 cells was
increased by treatment with 25 Am chloroquine, the majority
of fluorescence was localized in a perinuclear region of these
cells after a 2-hr incubation with DXR-mAb 9.2.27 at 37TC
(Fig. 3 C and D). In a control experiment, chloroquine
treatment (25 ,uM) alone did not affect either the transport or
DNA-binding ability of free DXR (data not shown).
DXR-mAb 9.2.27 Conjugates S lly Suppress Tumor

Growth in Vivo. The efficacy and specificity of DXR-mAb
9.2.27 conjugates to suppress tumor growth in vivo are
shown in Fig. 4 and Table 1. Results indicated that only mice
treated with DXR-mAb 9.2.27 conjugate demonstrated sig-
nificant suppression of tumor growth in a tumor- and anti-
body-specific fashion-i.e., DXR-mAb 9.2.27 conjugates
had no effect on the growth of the irrelevant UCLA-P3
tumors (Fig. 4B), which lack the 9.2.27 epitopes, and the
irrelevant DXR-mAb conjugate, DXR-inAb 11.4.1, was
ineffective against the melanoma tumors. In contrast, 8/12
M21 melanoma xenografts in the nude mice treated with the
DXR-mAb 9.2.27 conjugates remained very small for the
first 31 days after tumor inoculation and gradually increased
in volume at a much slower rate than those in the other
experimental groups (Fig. 4A). However, 4 of 12 mice in this

Table 2. Biodistribution of [14C]DXR-mAb conjugates 48 hr I
DXR D)

same experimental group actually showed tumor regression
and remained tumor free for the duration of the experiment.
DXR treatment alone failed to significantly suppress the
tumor growth of both M21 melanoma and UCLA-P3 lung
adenocarcinoma in tumor-bearing mice (Fig. 4; P > 0.1). In
addition, a mixture of mAb 9.2.27 and DXR also showed
similar negative effects as DXR alone (Fig. 4A). The median
survival time of animals treated with mAb 9.2.27 alone was

55 days; however, the life-span of animals receiving DXR-
mAb 9.2.27 treatment was prolonged by 81% (P < 0.01) with
4 of 12 mice still surviving on day 120 (Table 1).

Biodistribution of Free DXR and DXR-mAb 9.2.27 Conju-
gates. The most striking finding was the preferential deposi-
tion of DXR in tumor delivered by DXR-mAb 9.2.27 as

compared to that of freely administered drug (Table 2). In
this case, except in bone, the deposition of freely adminis-
tered DXR in the tissues decreased gradually within 48 hr.
Only 0.8% of total injected [14C]DXR was present in each g
of M21 tumor, whereas 3.7% of total injected [14C]DXR-
mAb 9.2.27 was present in each g of M21 tumor. Thus, the
immunoconjugate achieved a 4-fold increase of DXR in the
target site as compared to that delivered by free DXR and
DXR-mAb 11.4.1 48 hr postinjection. The other noticeable
difference was that while 2.8% of total injected free DXR
was localized in the bone 48 hr postinjection, only 0.5% of
total injected DXR-mAb 9.2.27 was localized in the bone.
The total deposition of DXR-mAb in M21 tumors remained
stable between 24 hr (4.0%o; data not shown) and 48 hr (3.7%)
postinjection, while in the case of free DXR, the total dose
decreased from 1.2% to 0.8%.

DISCUSSION
The results of this study demonstrate that conjugates of
anti-melanoma mAb 9.2.27 with DXR are quite effective in
specifically suppressing growth of established human mela-
noma xenografts in athymic (nu/nu) mice while markedly
increasing the life-span of these animals. These results are
remarkable since either mAb 9.2.27 or DXR per se failed to
achieve such results and also because it is well known that
human melanoma cells are resistant to this drug. In fact,
previous phase I clinical trials with mAb 9.2.27 alone dem-
onstrated excellent tumor targeting, but showed no effect at
all on suppression of tumor growth (18). Also, in prior
studies of athymic (nu/nu) mice bearing human melanoma
xenografts, mAb 9.2.27 did not suppress growth of estab-
lished tumors (5); however, simultaneous injection of this
antibody with relatively large numbers (2.5 x 106) of mouse
mononuclear splenocytes caused at least some tumor regres-
sion in this animal model system (19).
mAb 9.2.27 was chosen as a drug-targeting device for the

present study because this antibody has several important
characteristics. First, it targets melanoma cells most effec-
tively. Second, the antibody has a very high affinity for

KR-mAb 9.2.27 DXR-mAb 11.4.1

Organ %ID/g ± SEM T/B %ID/g ± SEM T/B %ID/g ± SEM T/B
Blood 0.7 + 0.1 1.0 1.4 + 0.3 1.0 3.8 ± 1.4 1.0
Tumor 0.8 ± 0.2 1.1 3.7 + 0.5 2.6 1.0 ± 0.2 0.3
Skin 0.2 ± 0.0 0.3 0.5 ± 0.1 0.4 2.1 ± 0.8 0.6
Bone 2.8 + 0.8 4.0 0.5 + 0.1 0.4 1.0 ± 0.2 0.3
Lung 0.3 t 0.1 0.5 1.8 ± 0.3 1.3 1.4 ± 0.3 0.4
Liver 1.4 ± 0.5 2.0 1.5 ± 0.4 1.1 3.2 ± 0.8 0.8
Spleen 1.0 ± 0.2 1.4 0.8 ± 0.2 0.6 1.9 ± 0.6 0.5
Kidney 1.4 ± 0.3 2.1 0.9 ± 0.1 0.6 2.7 ± 0.8 0.7
Intestine 1.1 ± 0.6 1.5 0.8 ± 0.1 0.6 1.6 ± 1.1 0.4
%ID/g, the percentage of injected dose per g of tissue; T/B, tissue/blood ratio.

Proc. Nad. Acad. Sci. USA 85 (1988)
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melanoma cells (Ka = 8 x 109 M-1). Third, mAb 9.2.27
does not cause antigen modulation in vivo and expression of
the proteoglycan antigen recognized by it is not cell-cycle
dependent (20). Most importantly, the results of phase I
clinical trials indicated that mAb 9.2.27 administered i.v. in
excess of 250 mg to melanoma patients effectively covered
all skin lesions even though these tumors are known to have
the least blood circulation (18). These properties of mAb
9.2.27 are particularly important for effective tumor target-
ing of DXR-mAb conjugates. Finally, the DXR-mAb 9.2.27
conjugates are stable in the circulation of nude mice for up to
48 hr, as revealed by NaDodSO4/PAGE analysis of [14C]-
DXR-mAb 9.2.27 conjugates (data not shown).

It was most significant that 30 days after tumor-cell
inoculation, four nude mice in the experimental group
treated with DXR-mAb 9.2.27 conjugates still remained
tumor free while the remaining eight animals developed only
small lesions at a much slower rate than control animals (Fig.
4A). Mice treated with the DXR-mAb 9.2.27 conjugate also
showed an 81% increase in life-span (Table 1). This improve-
ment was considerably greater than that of 27% achieved
with animals treated with DXR alone (Table 1). These data
clearly demonstrate that growth of an established tumor can
be markedly suppressed by the DXR-mAb 9.2.27 conju-
gates. Results of biodistribution studies further indicate that
mAb 9.2.27 is able to deliver at least 4-fold more drug (3.7%
of injected dose per g of tumor) than that ofDXR in free drug
form (0.8% of injected dose per g of tumor) to the tumor
target (Table 2). Moreover, only free DXR, but not DXR-
mAb 9.2.27 conjugates, was accumulated in the bone. There-
fore, conjugated DXR showed overall far better localization
indices than those obtained with free DXR. These data are
consistent with the specific tumor suppression and increased
life-span observed in the group of nude mice treated with
DXR-mAb 9.2.27 (Fig. 4 and Table 1). Thus, DXR-mAb
9.2.27 conjugates effectively increase selective toxicity of
free DXR. A similar result was obtained in a syngeneic
mouse tumor model using methotrexate conjugated with an
anti-EL4 lymphoma antibody, which localized well in EL4
lymphoma in tumor-bearing mice 24 hr after i.p. injection
(21).
The toxicity study in nude mice indicated that 400 ,jg of

free DXR (two 200-,g injections at a 3-day interval) will kill
100%1o of animals within 6 days. In addition, the dose is
cumulative in nude mice-i.e., four doses of 100 ,ug of free
DXR will kill the mice within 14 days. Therefore, the dose
used in this study, a total equivalent dose of 75 ,ug of DXR
per mouse, can be significantly increased without toxicity.
These data also indicate that our present drug delivery is still
quite suboptimal and that even better results may be
achieved under optimal conditions.
To gain some understanding of the mechanism(s) by which

the DXR-mAb 9.2.27 conjugates suppress tumor growth, the
initial binding, internalization, processing, and degradation
ofDXR-mAb conjugates was investigated in M21 melanoma
cells. The fact that excess native mAb 9.2.27 can reverse the
growth inhibition exerted by DXR-mAb 9.2.27 conjugates
(data not shown) suggests that the immunoconjugate enters
the tumor target cell via an antigen-antibody complex rather
than by diffusion as has been proposed for free drug by other
investigators (22). This hypothesis was further supported by
a binding study in which [14C]DXR-mAb 9.2.27 conjugates
bound to M21 but not to control NMB-7 cells that do not
express the 9.2.27 epitope (unpublished data). Taken to-

gether, these data suggest that DXR-mAb conjugates are
effective only after they are internalized. Furthermore, the
results from experiments conducted with chloroquine (Fig.
3) suggest that DXR-mAb 9.2.27 conjugate and free DXR
follow different routes of degradation. Thus, free DXR
bound to DNA within 30 min, whereas the DXR-mAb 9.2.27
conjugates remained in the cytoplasm, most likely in the
endosomal or lysosomal compartments as previously sug-
gested since chloroquine is known to selectively increase the
intracellular pH of lysosomes and endosomes (8, 9). Passive
uptake of drug through membranes or binding to drug
receptors appears to be less likely, especially since DXR per
se is ineffective in our system.

It is evident from our data that further investigations are
required to optimize the efficacy of DXR-mAb 9.2.27 con-
jugates and to delineate their mechanism(s) of action.
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