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ABSTRACT

Methotrexate (MIX) was conjugated to an immunoglobulin Gl (IgGl)
monoclonal antibody specific for human prostatic acid phosphatase
(PAP) by the active ester method. The molar ratio of MTX to IgG was
14. MTX-monoclonal antibody conjugate retained substantially the orig
inal PAP-binding inhibition activity of the monoclonal antibody. Both
MTX-monoclonal antibody conjugate and an identically prepared M I \-
normal mouse IgG conjugate preserved 90% of the original dihydrofolate
reducÃaseinhibitory activity of MTX. ['111MT\ conjugated to monoclonal

anti-PAP antibody was significantly accumulated more in PAP-producing
human prostate tumor LNCaP cells than its normal mouse IgG counter
part. No statistical difference was found between the uptake of | ll I|M 1\
conjugated to monoclonal antibody and that of | 'I I|M I \ conjugated to

normal mouse IgG by control PAP nonproducing thyroid tumor cells
(ITI. The antitumor effect of the conjugate was evaluated in vitro by its
inhibition on deoxy[6-3H|uridine incorporation into LNCaP cells. The
inhibition by MTX-monoclonal antibody conjugate was significantly
higher than that by MTX-normal mouse IgG conjugate at 8 Mti "' drug
per ml, although it was significantly less than that by free MTX.
However, an in vivo tumor and tissue distribution study of | '11|M I \ and
its conjugates revealed that, S days after i.v. administration, |'I I|M I \

conjugated to monoclonal antibody was preferentially accumulated in
LNCaP prostate tumor. Tumonblood ratios for |3H|MTX, |3H]MTX-
monoclonal antibody conjugate, and | 'I l|\l TV-normal mouse IgG conju

gate were 1.47, 5.06, and 1.26, respectively. Preliminary results obtained
from a pilot study with a small number of animals demonstrated that
multiply injected MTX-monoclonal antibody conjugate retarded the
growth of xenografted prostate tumor (LNCaP) as compared with the
control groups, including free MTX which showed a shorter period of
therapeutic effectiveness. This study suggests that MTX conjugated to
monoclonal anti-PAP antibody could be a potential reagent for experi
mental immunochemotherapy of prostate tumor, should the initial in vivo
data be extended and confirmed.

INTRODUCTION

Antibody-drug conjugate has been suggested to serve as a
potential new cancer therapeutic agent (1). Retention of both
pharmacological activity of the drug and immunological activity
of the antibody is essential for drug-antibody conjugate. MTX4-
anti-albumin antibody conjugate, prepared by an active ester
intermediate derivative method and with the use of NHS, has
exhibited such characteristics (2). Using a similar technique we
have conjugated MTX to a monoclonal anti-PAP antibody,
which has been demonstrated previously to be a potential carrier
of antitumor drugs in the treatment of xenografted human
prostate tumor (3, 4). This paper describes immunological and
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pharmacological activities of MTX-monoclonal anti-PAP an
tibody conjugate in vitro and its potential chemotherapeutic
effectiveness in a preliminary in vivo study.

MATERIALS AND METHODS

Chemicals and Reagents. MTX was either purchased from Sigma
Chemical Co., St. Louis, MO, or supplied gratis by Lederle (Japan),
Ltd., Tokyo, Japan. [3H]MTX (11.8 Ci/mmol) and [3H]dUrd (15 Ci/

mmol) were the products of Amersham, Arlington Heights, IL. DMF,
DCC, and NHS were supplied by Aldrich Chemical Co., Milwaukee,
WI. DHFR and dihydrofolic acid were purchased from Sigma.

Mice and Cell Lines. The use of male athymic nude mice in an in
vivo experiment was in accordance with the guidelines set forth by our
Institute and the National Research Council. The LNCaP human
prostate tumor cell line and TT human thyroid tumor cell line were
maintained in RPMI 1640 medium supplemented with 5% heat-inac
tivated fetal calf serum, penicillin, streptomycin, and neomycin (5, 6).
The tumor was induced in nude mice (6 to 8 wk old) by injection of
cultured LNCaP cells between the shoulder blades of each mouse as
described previously (5).

Purification of Murine Monoclonal Antibody and Normal Mouse IgG.
Murine monoclonal IgGl antibody specific for human PAP was iso
lated as described (7). Control normal mouse IgG was isolated from
normal mouse serum in an identical manner.

Preparation of MTX-Immunoglobulin Conjugate. MTX was conju
gated separately to monoclonal anti-PAP antibody and to normal
mouse IgG via the active ester intermediate derivative of MTX as
described by Kulkarni et al. (2). Briefly, MTX (18.2 mg) was dissolved
in DMF (0.4 ml) and activated by NHS (4.6 mg/0.2 ml of DMF) and
DCC (8.2 mg/0.2 ml of DMF) for l h at room temperature and then
18 h at 4Â°Cin the dark. The precipitate of the reaction product was

removed by centrifugation, and the supernatant containing the active
ester derivative was stored in the dark at 4Â°C.The amount of active

ester (average, 67% yield from 4 separate experiments) was determined
using Affil-Gel 102 chromatography (2). Active ester of MTX (1.5 mg/
0.7 ml of DMF) was incubated with monoclonal antibody or normal
mouse IgG (5 mg/2 ml of PBS, pH 7.2) for 4 h at 4Â°C.MTX-

immunoglobulin conjugate was dialyzed with PBS, pH 7.2, and sepa
rated from free drug by Bio-Gel P-100 gel filtration with PBS, pH 7.2.
The concentration of MTX in the conjugate was determined by its
absorbance at 370 nm using a molar absorbance coefficient of 6.5 x
IO3 M~' cm"1. Protein concentration was measured by using the Bio-

Rad protein assay kit based on the method described by Bradford (8).
The conjugate contained 60 n%of MTX and 1.5 mg of antibody per ml
of PBS. Also, tritiated MTX was mixed with unlabeled MTX to give a
final specific radioactivity of 12.5 Â¿iCi/mgand then was conjugated to
immunoglobulin in an identical manner.

PAP-binding Inhibition Activity of the Conjugate. Quantitative human
PAP-binding inhibition activity of the conjugate was determined by a
solid-phase competitive binding assay using a reference goat 12SI-labeled
anti-PAP reported previously (9). Preparations of monoclonal antibody
or MTX-monoclonal antibody conjugate in various concentrations were
determined individually, using PBS as control. Quantitative binding
inhibition was calculated by using the following formula.

% of inhibition

cpm (control)
â€”cpm (monoclonal antibody or conjugate)

cpm (control)
x 100

The loss of PAP-binding inhibition activity of the conjugate was
calculated from the following formula.
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% of loss

% of inhibition (monoclonal antibody)
- % of inhibition (conjugate)

% of inhibition (monoclonal antibody)
x 100

DHFR Inhibitory Activity of the Conjugate. Pharmacological activity
of MTX in the conjugate was determined spectrophotometrically at
340 nm by its inhibition of DHFR as described by Osborn and Huen-
nekens (10) with slight modification. Briefly, DHFR was incubated for
5 min at 37"C with various concentrations of MTX, its conjugates, or

control PBS. DHFR enzyme reaction was then initiated by the addition
of dihydrofolic acid, and the enzyme activity was determined. The
activity of DHFR was expressed as the amount of which that caused a
decrease in absorbance at 340 nm. Quantitative inhibition of DHFR
activity was calculated by using the following formula.

DHFR activity (control)
- DHFR activity (MTX or conjugate)

of inhibition = _,,,_â€ž â€”â€”;
DHFR activity (control)

x 100

Uptake of |3H|MTX and Conjugated |3H|MTX in Vitro. In vitro uptake
of pH]MTX or conjugated [3H]MTX by PAP-producing prostate tumor

cells (LNCaP) and control PAP nonproducing thyroid tumor cells (TT)
was measured as follows. LNCaP cells or TT cells were suspended (5
x IO6cells/ml) in RPMI 1640 supplemented with 10% heat-inactivated

fetal calf serum, and 0.2 ml of cell suspension were dispensed into each
well of 96-well plates (Becton Dickinson, Cockeysville, MD) and then
were placed in a humidified 5% CÃ›2incubator for 20 h at 37Â°C.The

cells were washed twice with RPMI 1640 and incubated with 1 jug
(0.0125 MCi) of [3H]MTX or [3H]MTX conjugated to monoclonal

antibody or to normal mouse IgG for various periods of time starting
at 1 min at 37"C. Uptake of [3H]MTX was determined after extensive

washing with PBS and dissolving the cells as described by Johnson et
al. (11). The concentration of [3H]MTX per 10* cells was calculated
with reference to the radioactivity of a standard of [3H]MTX (12.5 nCi/

mg).
Antitumor Activity of Conjugate in Vitro. This was determined by its

inhibition on [3H]dUrd incorporation into LNCaP cells (12). The cell
suspension (1 x Id" cells/0.2 ml) was dispensed into a sterilized

polystyrene tube and incubated with various concentrations of MTX
and of its conjugates using PBS as control, for 16 h at 37Â°Cin a

humidified 5% CO2 incubator. The cells were spun, resuspended in
RPMI 1640 medium containing 1 Â»Ciof [3H]dUrd, and incubated for
2 h at 37Â°C.Incorporation of [3H]dUrd into the cells was measured

after extensive washing and treating the cells with 5% trichloroacetic
acid. The antitumor activity was expressed by the percentage of the
inhibition of [3H]dUrd incorporation by using the following formula.

% of inhibition
cpm (control) â€”cpm (sample)

cpm (control)
x 100

Distribution of [3H]MTX and Conjugated |3H]MTX in Vivo. Tumor
and tissue distribution of free [3H]MTX and conjugated [3H]MTX in

vivo was quantified in nude mice bearing prostate tumor (LNCaP).
Eight tig (0.1 fid) of [3H]MTX or |3H]MTX conjugated to monoclonal

antibody or to normal mouse IgG each were injected i.v., respectively,
into tumor-bearing mice. Five days later the mice were sacrificed. The
blood (weighing up to 200 mg), tumor, and tissue (up to 100 mg, wet
weight) were individually placed in counting vials (Research Products
International, Mount Prospect, IL) and were mixed with 0.2 ml of 60%
perchloric acid and 0.4 ml of 30% hydrogen peroxide for 2 h at 90Â°C

as described by Mahin and Lofberg (13). The radioactivities in sample
preparations were determined, and variations in quenching were cor
rected by internal standardization (14). The concentration of [3H]MTX

per 100 mg wet weight of tissue was calculated from the radioactivity
with reference to a standard of [3H]MTX (12.5 fiCi/mg).

Preliminary Evaluation of Antitumor Activity of the Conjugate in Vivo.
Antitumor activity of the conjugate in vivo was determined in a pilot
study by its growth inhibition of xenografted tumor. Nude mice bearing
LNCaP prostatic tumor (size, 0.3-1.6 g) were divided into five groups
and were treated, respectively, by i.v. injection of PBS, MTX, MTX-
normal mouse IgG conjugate, MTX-monoclonal antibody conjugate.

and monoclonal antibody alone. The dose of MTX per injection of free
drug or in the conjugates was 12 Â«gper mouse, and the dose of antibody
in unconjugated and conjugated specimens was 305 Mg per mouse.
Three injections were performed 2 days apart. Tumor growth was
observed twice weekly, and mean tumor volume was calculated (5).
Volume changes were monitored in terms of percentage of tumor
volume changes as compared to that of pretreatment (Day 0).

Statistical Procedure. Student's t test was used for statistical evalua

tion of data, whenever data were obtained from three or more experi
ments as indicated.

RESULTS
Immunologi-ai and Pharmacological Analyses of MTX-Im-

munoglobulin Conjugates. MTX was conjugated to anti-PAP
IgGl monoclonal antibody and to normal mouse IgG by the
active ester intermediate method. The extent of substitution
was 14 mol of MTX per mol of normal mouse IgG or mono
clonal antibody. The conjugate lost only an average of 6.5% of
immunological activity, in comparison with that of the free
monoclonal antibody (Table 1).

The DHFR inhibition by MTX-normal mouse IgG conjugate
or MTX-monoclonal antibody conjugate was found to be less
than that by free MTX (Fig. 1). At the level of 4.0 fig of drug
per ml, MTX-normal mouse IgG conjugate and MTX-mono
clonal antibody conjugate lost 11.4% and 10.4% of pharmaco
logical activity, respectively, in comparison with that of unmod
ified MTX. No apparent difference was found in DHFR inhib
itory activity between MTX-normal mouse IgG conjugate and
MTX-monoclonal antibody conjugate.

Table I Inhibition of MTX-monoclonal anti-PAP antibody conjugate and free
monoclonal anti-PAP antibody against goat anti-PAP '"Â¡-antibody reaction with

PAP by a solid-phase radioimmunoassay
See "Materials and Methods" for the experimental details.

% of inhibition of goat anti-PAP
'"I-antibody reaction withPAP"Concentration

of
monoclonal anti

bodyGig)40

20
10MTX-monoclonal

antibody conju
gate32.

Ie

25.4
13.8Monoclonal

antibody34.6

26.9
14.8%

of loss* of
PAP-binding
activity in the

conjugate7.2

5.6
6.8

" Used as a control system for comparison of binding inhibition between free

and conjugated monoclonal antibody.
* The percentage ofloss in PAP-binding activity in the conjugate was calculated

by the following formula

% of loss

>of inhibition (monoclonal antibody)
- % of inhibition (conjugate)

% of inhibition (monoclonal antibody)

: Values are averages of duplicate experiments.

100

05 (0 2.0 40
MTX Concentration (/uq/mL)

Fig. 1. Inhibition of DHFR activity by free MTX (x), MTX-normal mouse
IgG conjugate (O). and MTX-monoclonal anti-PAP antibody conjugate (â€¢).See
"Materials and Methods" for experimental details. Each point represents the

average of duplicate experiments.
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Uptake of [3HJMTX and Conjugated [3H)MTX in Vitro. The
uptake of free [3H]MTX and conjugated [3H]MTX by prostate

tumor cells (LNCaP) and control thyroid tumor cells (TT) was
observed from 1 min to 16 h after incubation of the cells with
radiolabeled drug and its conjugates (Figs. 2 and 3). LNCaP
cells and TT cells rapidly took up free [3H]MTX from the
culture medium. The uptake of [3H]MTX by both of the cul

tured cells reached its peak by l h to give approximately 6.5 ng
and 8.0 ng per IO6cells, respectively. LNCaP cells continuously
accumulated [3H]MTX conjugated to immunoglobulins and
took up conjugated MTX more than free [3H]MTX (Fig. 2).
Furthermore, PAP-producing LNCaP cells accumulated [3H]-
MTX conjugated to monoclonal anti-PAP antibody more than
that conjugated to normal mouse IgG (39.8 ng versus 29.9 ng
per IO6 cells at 16 h, or 4% and 3% of conjugated MTX,

respectively). A significant difference was found between the
uptake of [3H]MTX conjugated to monoclonal antibody and

too

14 16

Fig. 2. Uptake of free [3H]MTX and conjugated [3H]MTX by LNCaP cells
in vitro. Cells (1 x IO6)were incubated with 1 ng (0.0125 nCi) of [3H]MTX (x),
[3H]MTX conjugated to monoclonal antibody (O), and that conjugated to normal
mouse IgG (â€¢)at 37Â°C.The cell-associated radioactivity was determined at the
indicated times starting at 1 min (see "Materials and Methods" for the experi

mental details). Each point represents the average of triplicate experiments. The
uptake of [3H]MTX reached a stable level by I h. [3H]MTX conjugated to

monoclonal antibody and normal mouse IgG was taken up rapidly and continu
ously during the entire experimental period. [3H]MTX conjugated to monoclonal

antibody was accumulated in LNCaP cells significantly more than that conjugated
to normal mouse IgG after 10 h (P < 0.05).

16

Fig. 3. Uptake of free [3H]MTX and conjugated [3H]MTX by TT cells in vitro.
Cells (1 x 10Â«)were incubated with 1 Mg(0.015 ^Ci) of |3H]MTX (x), [3H]MTX

conjugated to monoclonal antibody (O). and that conjugated to normal mouse
IgG (â€¢)under an identical condition as that using LNCaP cells (Fig. 2). Each
point represents the average of triplicate experiments. [3H]MTX conjugated to
monoclonal antibody and normal mouse IgG was taken up more than free [3HJ-
MTX. and no statistical difference was found between the uptake of [3H]MTX
conjugated to monoclonal antibody and that of [3H]MTX conjugated to normal

mouse IgG.

248
MTX Concentration (jig/mL)

I_ i_ |
508 1015 2030

Monoclonal Antibody
Concentration

Fig. 4. Antitumor effect of MTX-monoclonal anti-PAP antibody conjugate in
vitro. Inhibition of [3H]dUrd incorporation into PAP-producing human prostate
tumor cells (LNCaP) by MTX (x), MTX-normal mouse IgG conjugate (â€¢),
MTX-monoclonal anti-PAP antibody conjugate (O), normal mouse IgG (â€¢).and
monoclonal anti-PAP antibody (D) was determined as described (see "Materials
and Methods" for experimental details). Each point represents the triplicate
experiments. MTX was significantly more potent on the inhibition of [3H]dUrd
incorporation than either MTX-normal mouse IgG conjugate or MTX-monoclo
nal antibody conjugate (p < 0.005). MTX-monoclonal antibody conjugate was
significantly more effective than MTX-normal mouse IgG conjugate at the level
of 8.0 Mgof drug per ml (P < 0.05).

that of [3H]MTX conjugated to normal mouse IgG after 10 h
(P < 0.05). TT cells also took up [3H]MTX conjugated to
immunoglobulins more than free [3H]MTX (Fig. 3), but no
statistical difference was observed between the uptake of [3H]-
MTX conjugated to monoclonal anti-PAP antibody and that of
its normal mouse IgG counterpart.

Antitumor Activity of the Conjugate in Vitro. Antitumor ac
tivity of the conjugate in vitro was expressed as the percentage
of inhibition on [3H}dUrd incorporation into LNCaP cells. Fig.
4 shows a great decrease in inhibition of [3H]dUrd incorporation
by MTX-monoclonal antibody conjugate (14 to 52%) as com
pared with that by free MTX (65 to 70%) (P < 0.005). MTX-
monoclonal antibody conjugate was more potent on the inhi
bition of [3H]dUrd incorporation than the drug-normal mouse

IgG conjugate (10 to 39%), especially at the level of 8 ^g of
drug per ml (P < 0.05). Under this experimental condition,
neither free monoclonal antibody nor free normal mouse IgG
alone exerted any effect on inhibition of [3H]dUrd incorpora

tion.
Distribution of (3H|MTX and Conjugated |3HJMTX in Vivo.

Table 2 shows the concentration of [3H]MTX in blood, tumor,
and various tissues, 5 days after i.v. administration of [3H]MTX

and its conjugates into the nude mice bearing LNCaP prostate
tumor. [3H]MTX conjugated to monoclonal antibody was ac

cumulated in LNCaP tumor (28.6 ng/100 mg of wet weight)
more than free [3H]MTX (11.0 ng) and [3H]MTX conjugated
to normal mouse IgG (8.9 ng). Tumorblood ratios for free [3H]-
MTX, [3H]MTX-normal mouse IgG conjugate, and [3H]MTX-

monoclonal antibody conjugate were 1.47, 1.26, and 5.06,
respectively. Also noted is that the mice given injections of [3H]-
MTX-monoclonal antibody conjugate showed higher accumu
lation of [3H]MTX in liver (57.9 ng; livenblood ratio, 10.25)
than those treated with free [3H]MTX (32.2 ng; 4.38) and [3H]-
MTX-normal mouse IgG conjugate (38.5 ng; 5.45). A high
accumulation of [3H]MTX was also found in the spleen of the
mice given injections of [3H]MTX-monoclonal antibody con

jugate (32.2 ng).
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Table 2 Tumor and tissue distribution off'HJMTX and its conjugates in vivo
See "Materials and Methods" for the experimental details.

Tissue-associated |'H)MTX, ng/100 mg wet wt

TissueBlood

Tumor
Heart
Liver
Lung
Kidney
Skin
Spleen|3H]MTX7.5Â°

(1.00)*

11.0(1.47)
30.2 (4.04)
32.8 (4.38)
29.4 (3.93)
34.5 (4.62)
43.9 (5.87)
19.9(2.66)[3H|MTX-normal

mouse IgG con
jugate7.1

(1.00)
8.9(1.26)

14.7(2.07)
38.5 (5.45)
25.0(3.53)
43.9(6.21)
32.0 (4.53)
18.0 (2.55)[3H]MTX-monoclonal

antibodyconjugate5.7(1.00)

28.6 (5.06)
19.0(3.36)
57.9(10.3)
23.1 (4.08)
32.6 (5.78)
18.4(3.25)
32.2 (5.69)

* Values are averages of two different samples.
* Numbers in parentheses, tissuerblood ratio.
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Fig. 5. Xenografted LNCaP tumor growth in nude mice after systemic i.v.

administration of free MTX (x), MTX-normal mouse IgG conjugate (â€¢),MTX-
monoclonal anti-PAP antibody conjugate (O), monoclonal anti-PAP antibody
(O), and PBS (A). Injections of all samples i.v. were repeated on Days 0, 2, and
4. The dose of MTX per injection of free drug and in the conjugates was 12 fig
per mouse, and the dose of monoclonal antibody in unmodified monoclonal
antibody and in the conjugate was 305 Mg per mouse. Tumor volumes were
calculated as a percentage of that on Day 0 (before treatment and used as 100%).
The number of mice and average pretreatment tumor volumes were, respectively:
n = 3 and 1056 mm3 for MTX; n = 1 and 337 mm3 for MTX-normal mouse IgG
conjugate; n = 3 and 967 mm3 for MTX-monoclonal anti-PAP antibody conju
gate; n = 2 and 1467 mm3 for monoclonal antibody; n = 2 and 1668 mm3 for

PBS. Each value is the average of 2 or 3 mice determined as noted.

Preliminary Study on Antitumor Activity of the Conjugate in
Vivo. Antitumor activity of MTX-monoclonal antibody conju
gate was tested by its inhibition on tumor growth in nude mice
bearing LNCaP prostate tumor in an initial study with a small
number of animals. Overall results of this preliminary study
showed that free MTX, MTX-monoclonal antibody conjugate,
and MTX-normal mouse IgG conjugate each retarded the tu
mor growth in vivo for the first 9 days, as compared to the
control (PBS) or the mice treated with monoclonal antibody
alone (Fig. 5). MTX-monoclonal antibody conjugate retained
its effect on the inhibition of tumor growth until Day 21, while
free MTX and MTX-normal mouse IgG conjugate failed to
inhibit the tumor growth after Day 12.

DISCUSSION

In this study, the in vitro therapeutic potential of MTX
coupled to monoclonal anti-PAP antibody on prostate tumor

was investigated in detail along with a preliminary /// vivo trial.
MTX was conjugated to immunoglobulin, by the active ester
intermediate method (2), which resulted in a molar ratio of
drug to immunoglobulin of 14, suggesting that MTX was
effectively conjugated to antibody. PAP-binding inhibition ac
tivity revealed that MTX-monoclonal antibody conjugate re
tained almost all immunological activity (>93%) of the original
monoclonal antibody (Table 1).

Pharmacological activity of the conjugated MTX, as evalu
ated by DHFR inhibitory activity in vitro, revealed that it lost
approximately 10% of the original activity of unmodified MTX
(Fig. 1). It has been noted that, upon conjugation to inumino
globulins (2) or even to poly(L-lysine) (15), the DHRF inhibi
tory activity of MTX is reduced. Although the reason(s) for the
loss of pharmacological activity of MTX conjugated to macro-
molecular carriers is unknown, it has been postulated that the
moiety of macromolecular carrier interrupts the conjugated
MTX in its binding to DHFR (15).

Of interest to note is the observation that [3H]MTX conju

gated to monoclonal antibody and to control immunoglobulin
was accumulated in the target cells more than free drug (Figs.
2 and 3). In fact, MTX conjugated to other macromolecular
carriers has been shown to be taken up in vitro more than free
MTX by a variety of tumor cells (15-19). The mechanisms of
the transport of MTX-macromolecular carrier complex into
the cells have been suggested to differ from that of free MTX
(15,17,19). Conjugated MTX appears to be taken up generally
by the cells by nonspecific binding to the cell surface and
subsequent pinocytosis. (15, 20). Our results also showed that
[3H]MTX conjugated to monoclonal anti-PAP antibody was
accumulated in PAP-producing prostate tumor cells (LNCaP)
more than that conjugated to normal mouse IgG (Fig. 2).
However, no significant difference was found between the up
take of [3H]MTX conjugated to monoclonal antibody and that

of its normal mouse IgG counterpart by the control PAP
nonproducing thyroid tumor cells (Fig. 3). These data suggest
that an additional uptake of the antibody-conjugated MTX
does occur through specific binding of the conjugate to the
LNCaP target cells and subsequent endocytosis. This finding is
consistent with the speculations noted previously on other
tumor systems (19, 21).

MTX conjugated to immunoglobulins was shown to be less
effective on the inhibition of [3H]dUrd incorporation than free

MTX (Fig. 4), although the conjugated MTX was taken up into
the target cells more than free MTX (Fig. 2). These results
appear to be contradictory to each other. In order to exert its
pharmacological activity, MTX conjugated to macromolecular
carriers first must be metabolized to small molecular MTX
derivatives in lysosomes and transported across lysosomal
membranes to reach cellular targets (15). Chu and Whiteley
(17) using [3H]MTX-bovine serum albumin have observed a

similar discrepancy as that of ours between the drug uptake of
MTX and its effect on [3H]dUrd incorporation inhibition in
vitro. They reported that 75 to 85% of the total cell-associated
radioactivity of [3H]MTX was present in the cellular fraction

and that only 34% of intracellular radioactivity was associated
with a smaller molecular weight fraction. Using [3H]MTX-anti-

human melanoma antibody conjugate, Uadia et al. (22) also
showed that 35% of the radioactivity was found in the low-
molecular-weight fraction in the cell homogenate and that
MTX derivatives contained in this low-molecular-weight frac
tion were biologically less potent than the original conjugate.
Thus, the discrepancy in vitro between uptake and effect of the
conjugated MTX can be explained by the fact that only a small
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fraction of the ingested conjugate is broken down inside the
cell and/or that MTX derivatives digested from the conjugate
are biologically less potent than free MTX. Our in vitro results
also indicated that MTX-monoclonal antibody conjugate, less
effective than free MTX, gave a more potent effect on the
inhibition of [3H]dUrd incorporation than MTX-normal mouse

IgG conjugate (Fig. 3). This observation is compatible with that
of the higher accumulation of [3H]MTX conjugated to mono

clonal antibody than that conjugated to normal mouse IgG.
Therefore, monoclonal anti-PAP antibody in the conjugate
could play a role in facilitating the entry of the conjugated
MTX into PAP-producing prostate tumor target cells and thus
increasing the intracellular concentration of the conjugated
MTX and its biologically active derivatives.

Our present study on in vivo distribution of [3H]MTX and its
conjugates showed that [3H]MTX conjugated to monoclonal
anti-PAP antibody was apparently accumulated more in PAP-
producing prostate tumor, as compared to free [3H]MTX and
[3H]MTX-normal mouse IgG conjugate (Table 2). However,
our results also revealed that the liver accumulated [3H]MTX
conjugated to monoclonal antibody more than [3H]MTX and
[3H]MTX-normal mouse IgG conjugate, and that the spleen
and kidney also greatly took up [3H]MTX conjugated to mono
clonal antibody, in comparison with [3H]MTX and [3H]MTX-

normal mouse IgG conjugate. It is possible that monoclonal
anti-PAP antibody in the conjugate forms immune complexes
with circulating PAP and that the immune complexes are
captured by the reticuloendothelial system including the liver,
spleen, and kidney (23). Notwithstanding the above observa
tions, [3H]MTX conjugated to monoclonal antibody was accu
mulated in prostate tumor 3.4 times more than free [3H]MTX,

while the former was taken up by the liver only 2.3 times more
than the latter. Therefore, MTX conjugated to monoclonal
anti-PAP antibody could still be considered as an alternative
therapeutic modality for PAP-producing prostate tumor. It also
should be noted that a great accumulation of conjugated [3H]-

MTX especially in the liver and kidney would be of concern.
These are well-known sites of MTX toxicity and could be more
sensitive to the drug than prostate tumor itself. The accumula
tion of MTX in these vital organs to a greater degree than in
the tumor could represent a significant limiting factor.

Our initial in vivo antitumor study demonstrated an increased
and prolonged therapeutic effectiveness of MTX-monoclonal
anti-PAP antibody conjugate on the growth of LNCaP prostate
tumor (Fig. 5). This observation is also consistent with that of
the increased accumulation of [3H]MTX-monoclonal antibody

conjugate in the tumor as discussed above. Our results would
indicate that MTX is directed to PAP-producing prostate tumor
cells, concentrated, and localized in the target cells by monoclo
nal anti-PAP antibody, so that the conjugated MTX can exert
a greater and more persistent antitumor effect on prostate
tumor than the control reagents. Certainly we are fully aware
that, because only a small number of animals was used in this
very preliminary trial, further experiments with a large number
of animals with additional protocols and combined with statis
tical analysis should and will be performed to ascertain this
encouraging result.

At the present stage of development, the mechanisms of the
potential antitumor effectiveness of MTX-monoclonal anti-
PAP antibody conjugate are largely unknown. Similar to drug-
antibody conjugate for other tumor systems, many issues are
yet to be resolved. Nevertheless, this study provides sufficient
promising, albeit preliminary, data suggesting that MTX con
jugated to monoclonal anti-PAP antibody by the active ester

intermediate method is a potential reagent in consideration for
development of new immunochemotherapy against prostate
tumor.
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