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ABSTRACT

In this study, the breast carcinoma-reactive monoclonal antibody 15A8
and a site-specific immunoconjugate of the antibody, 15A8-glycyl-tyrosyl-
(AW-diethylenetriamine pentaacetic acid)-lysine (15A8-GYK-DTPA),
were characterized by immunohistological methods for reactivity with
normal and neoplastic human tissues and normal cynomolgus monkey
tissues. In addition, 1SA8-GYK-DTPA labeled with '"In was assessed

by in vivo imaging and pharmacokinetic studies for localization to human
tumor xenografts in nude mice. The native antibody and the site-specific
immunoconjugate exhibited similar limited reactivity with normal human
tissues. Specifically, epithelial structures, including normal breast epi
thelium, lung alveoli, bronchial epithelium and glands, liver bile ducts,
pancreatic ducts, kidney distal and collecting tubules, epidermal and
esophageal epithelium, endometrial glands, and thymic I lassali'* corpus

cles, were reactive. Normal monkey tissues stained with 15AS exhibited
a similar pattern of reactivities. Antibody 15A8 reacted broadly with
epithelium-derived tumors; more than 60% of the cells in all of the breast,
colon, non-small cell lung, ovarian, prostate, bladder, and renal carcino
mas tested expressed the antigen. In contrast, a variety of nonepithelial
neoplasms, including lymphomas, melanomas, sarcomas, and small cell
lung carcinomas, were nonreactive. 15 YX-(â€¢¿�Yk-l> 11'A-" ' In administered
i.v. rapidly localized to and imaged both MX-1 and MCF-7 human breast
carcinoma xenografts in nude mice, reaching maximal levels of about
20% of injected dose/g of tumor within 4 days. No unusual localization
to any nontumor tissue or organ was seen; the level of radioactivity in the
normal tissues and organs was at or below that seen in the blood.
Furthermore, the immunoconjugate did not accumulate in xenografts of
the antigen-negative breast carcinoma ZR-75-1, which indicates that
tumor localization was antigen specific. Pharmacokinetic studies in cyn
omolgus monkeys suggested that significant amounts of 15A8-GYK-
DTPA-'"In did not localize to normal epithelia and demonstrated that

the immunoconjugate was not toxic. These findings suggest that antibody
1SA8 may be useful in the diagnosis and therapy of breast cancer and
possibly other carcinomas.

INTRODUCTION

Monoclonal antibodies that specifically deliver imaging or
cytotoxic agents to mammary carcinoma cells could make an
important contribution to the clinical management of breast
cancer. The breast cancer-reactive monoclonal antibody 15A8
(1) is a candidate for targeting mammary tumors. This antibody
is a murine IgGl,* that was generated using the human mam
mary carcinoma cell line MCF-7 as an immunogen (1). The
antigen recognized by 15A8 is expressed on the surface of
human mammary carcinoma cells and on normal human epi
thelium of several tissues, including the mammary gland, but it
is not expressed by normal or malignant nonepithelial cells (1).

This study was undertaken to determine whether monoclonal
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antibody 15A8 could specifically localize to breast tumors in a
model system. A site-specific GYK-DTPA2 immunoconjugate
of this antibody, 15A8-GYK-DTPA, was characterized by im
munohistological methods for reactivity with normal and neo
plastic human tissues. The ability of '"In-labeled 15A8-GYK-

DTPA to target tumors was assessed by in vivo imaging and
pharmacokinetic studies in nude mice bearing human tumor
xenografts. The immunohistological reactivity of 15A8 with
normal monkey tissues was assessed to identify a suitable
animal model for determining whether the antibody localizes
to antigen-positive normal tissues.

MATERIALS AND METHODS

Antibodies and Immunoconjugates. Purified monoclonal antibody
15A8 obtained from Dr. Ross Allen (Salk Institute, La Jolla, CA) was
oxidized to site-specifically generate reactive aldehyde groups on the
oligosaccharides found on the heavy chains. GYK-DTPA was coupled
to these aldehyde groups as described previously (2, 3). Briefly, antibody
at 1 mg/ml in phosphate buffer (0.33 g/liter Na2HPO4-7H2O, 1.22 g/
liter NaH2PGvH2O, 8.8 g/liter NaCl, pH 6.0), was oxidized for l h at
ambient temperature with 10 HIM NaIO4. Following desalting on a
Sephadex G-50 column, the oxidized antibody was incubated with a
2000-fold molar excess of GYK-DTPA in the presence of 10 IHM
NaCNBH3 overnight at ambient temperature in the dark. The resulting
immunoconjugate, 15A8-GYK-DTPA, was separated from reactants
using a TSK-2SO size exclusion high-performance liquid chromatogra-
phy column (BioRad, Richmond, CA). Similarly, the mouse IgGI HI
3 (Damon Biotech, Needham Heights, MA) was site-specifically con
jugated to GYK-DTPA as described above.

Radiolabeling Method. Labeling of 15A8-GYK-DTPA with '"In was
done on the day of injection. One mCi of ' "InCl3 (Amersham, England),

adjusted to pH 6.0 with 0.5 M sodium acetate buffer, was added to 100
fig of the conjugate and incubated for l h at 37'C. Unchelated '"In

was removed with a Chelex 100 metal-chelating resin column (BioRad)
followed by size exclusion high-performance liquid chromatography on
a TSK-G3000SW column (Phenomonex, Ranch Palo Verdes, CA).
Eluted fractions containing the IgG-monomer peak were pooled and
injected into the animals.

Human Tissue and Tumor Specimens. Normal human tissues were
obtained at autopsy within 8 h of death by the Human Tissue Resource
Laboratory directed by Dr. J. Resau (University of Maryland), placed
in cryomolds (American Scientific Products, Edison, NJ), covered with
optimal cutting temperature compound (American Scientific Products),
immediately frozen in isopentane over liquid nitrogen, and stored at
-70Â°Cuntil used.

In addition, a panel of 1-3 specimens of each of 12 different human
tumor types and 4 specimens of breast carcinomas were stained by
Impath Laboratories (New York, NY).

Human Tumor Cell Lines. MX-1 cells for in vitro culture were
obtained from Lederle Laboratories (Pearl River, NY), and the MX-1
tumor samples used for in vivo passage were obtained from Bogden

2The abbreviations used are: GYK-DTPA, glycyl-tyrosyl-(jV-<-diethylenetria-
mine pentaacetic acid)-lysine; ABC, avidin:biotinylated horseradish peroxidase
complex; ID, injected dose.
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Laboratories (Worcester, MA). MCF-7, BT-20, SKBR-3, and ZR-75-
I cells were obtained from the American Type Culture Collection
(Rockville, MD). The MCF-7 tumor samples used for in vivo passage
were obtained from Dr. Ross Allen (Salk Institute, La Jolla, CA). Cells
were cultured in antibiotic-free Eagle's minimum essential medium
supplemented with 10% fetal bovine serum and essential and nonessen-
tial amino acids at 37Â°Cin an atmosphere of 5% carbon dioxide in air.

Immunoperoxidase Staining. Immunoperoxidase staining was per
formed as previously described (4) on cryostat-cut frozen sections that
were fixed in acetone at 4Â°Cfor 10 min (for normal human tissues) or

10% neutral-buffered formalin (for human tumors stained by Impath
Laboratories). Briefly, slides were rehydrated by immersion in phos
phate-buffered saline, endogenous peroxidase activity was quenched by
immersing the slides in 0.1% H:â€¢<),,and nonspecific binding of biotin/
avidin reagents was blocked by incubating sections with avidin D
blocking solution (Vector Laboratories, Burlingame, CA) followed by
biotin blocking solution (Vector Laboratories). After incubation with
1% normal horse serum (Vector Laboratories) to reduce nonspecific
binding of the secondary antibody, sections were incubated overnight
at 4Â°Cwith 15A8 antibody, 15A8-GYK-DTPA, or BL-3-GYK-DTPA

immunoconjugates at 10 ng/m\. The sections were then washed and
sequentially incubated with biotinylated horse anti-mouse antibody
(Vectastain anti-mouse IgG ABC kit, Vector Laboratories), ABC (Vec-
tastain ABC kit), and 3,3'-diaminobenzidine tetrahydrochloride
(Sigma) substrate solution. Sections were counterstained with hematox-
ylin (Shandon, Pittsburgh, PA), dehydrated in alcohol, cleared in xy-
lene, and mounted with Permount (Fisher Scientific, Fair Lawn, NJ).
Sections were examined by visible light microscopy for the presence of
dark brown staining.

Xenograft Tumor Growth. Female at hymie (nu/nu) Swiss background
nude mice, 4-6 weeks old and purchased from Taconic Farms (Ger-
mantown, NY), were maintained as previously described (4). For ZR-
75-1 xenograft tumor growth, log-phase cultures were trypsinized and
IO7 cells were injected s.c. in the left rear flank. MCF-7 and MX-1
xenografts were propagated s.c. by transferring tumor fragments (~2
mm cubes) in the left rear flank of estradiol-treated mice. Estradici
pellets (0.5 mg, 60-day release; Innovative Research of America, To
ledo, OH) were implanted s.c. between the shoulder blades on the day
of tumor transplantation.

Tumor Localization and Pharmacokinetic Studies. The pharmacoki-
netics of 15A8-GYK-DTPA-'"In was determined in both MCF-7 and
MX-1 tumor-bearing mice and in normal nude mice by injecting
conjugate i.v. on day 0 into 2 groups of 2 to 5 mice bearing measurable
s.c. tumors and into 2 groups of 3 mice without tumors. On days 1 and
3 or 4, one group of tumor-bearing and one group of normal mice were

killed and dissected for biodistribution determinations. Immediately
prior to dissection, tumor-bearing mice were imaged using a Starcam
II gamma camera (General Electric, Milwaukee, WI).

To demonstrate the immune specificity of tumor localization, the
biodistribution of 15A8-GYK-DTPA-'"In was determined in mice
bearing ZR-75-1 tumors, which by immunohistological methods were
shown not to express the antigen detected by 15A8. The immunocon-
jugate was injected i.v. on day 0 into a group of 3 mice bearing s.c.
tumors. On day 4, the mice were killed and dissected for pharmacoki-
netic determinations. Again, tumor-bearing mice were imaged imme
diately prior to dissection.

Dissected tissues were weighed, and their content of '"In was deter

mined by gamma counting. The data are presented as the ratio of the
cpm/g in each organ compared to the cpm/g in blood (organ:blood
ratio) and the percentage of ID/g in each organ. The biological half-
life (whole body) of '"In was calculated assuming a single exponential

decay function from data obtained by placing the mice in a dose
calibrator. Similarly, the blood half-life was calculated from the average
percentage of ID/g in blood on days 1 and 4.

Pharmacokinetics in Cynomolgus Monkeys. The biodistribution and
blood pharmacokinetics of 15A8-GYK-DTPA were compared to those
of B72.3-GYK-DTPA, an isotype-matched immunoconjugate that does
not react with most normal monkey tissues. The B72.3-GYK-DTPA
immunoconjugate was iodinated to a specific activity of 1.0 mCi/mg

using the lodo-gen procedure and separated from free I25I using a
Sephadex G-25 column. One male and two female cynomolgus mon
keys received injections in the saphenous vein of a mixture containing
0.5 mg of 15A8-GYK-DTPA-"'In (specific activity, 3.0 mCi/mg) and
0.5 mg of '"I-labeled B72.3-GYK-DTPA in a volume of 1 ml. Duplicate
0.1-ml blood samples were collected at various times over a 5-day
period and counted in a gamma counter to determine the amount of
each isotope. The energy windows of the gamma counter were set so
that the counting overlap of the two isotopes was negligible. The blood
elimination half-lives of the radioisotopes during the 4- to 120-h
postinjection interval were estimated (by least squares linear regression
analysis) from semilogarithmic plots of the percentage of ID/g of blood
versus time. One female monkey was killed at 48 h postinjection, and
the male and second female were killed at 120 h postinjection. Dissected
tissues were weighed and counted in a gamma counter to determine the
amount of each isotope. The ratio of 15A8-GYK-DTPA to B72.3-
GYK-DTPA in each tissue (specificity ratio) was calculated by dividing
the "'In cpm/g tissue by the '"I cpm/g tissue.

The animals were examined daily for clinical signs of toxicity (e.g.,
hyperactivity, lethargy, abnormal gait, loss of appetite, dehydration,
respiratory distress) and were weighed prior to injection and at ne
cropsy. Pancreatic function was assessed by testing blood samples for
amylase, glucose, and calcium. Liver function was assessed by testing
blood samples for aspartate aminotransferase, alanine aminotrans-
ferase, alkaline phosphatase, total protein, albumin and globulin, tri
glycÃ©rides,cholesterol, and -y-glutamyl transferase. These blood chem

istry tests were performed 1 week prior to injection, on the day of
injection, and at 24, 48, and 120 h postinjection.

RESULTS

Reactivity with Normal Human Tissues. The reactivity of both
15A8 and 15A8-GYK-DTPA with normal human tissues was
assessed by immunoperoxidase staining of acetone-fixed frozen
sections. In all sections, the staining seen with the irrelevant,
isotype-matched immunoconjugate BL-3-GYK-DTPA was
used to define the background staining. In general, the 15A8
immunoconjugate reacted similarly to native 15A8 on normal
human tissue sections (Table 1). The antigen recognized by
15A8 was detected on a variety of epithelial tissues (Table 1),
including normal breast epithelium (Fig. 1, A and H); bronchial
epithelium (Fig. 1C); liver bile ducts (Fig. ID); pancreatic ducts
and acinar cells (Fig. 1Â£);renal tubules and Bowman's capsule

(Fig. IF); esophageal keratinocytes; and epidermal keratino-
cytes and sweat glands. The epitope recognized by 15A8 was
not detected in liver hepatocytes, adrenal gland, lymph node,
cardiac muscle, thyroid, spleen, ovary, stomach, small intestine,
colon, or normal testis sections.

The epitope recognized by 15A8 was apparently masked or
destroyed by the process of formalin fixation and paraffin
embedding of tissue, since all sections prepared from such
blocks were negative when stained with native 15A8 (data not
shown). Brief exposure to formalin was not, by itself, sufficient
to destroy the epitope because similar staining was observed in
frozen breast tumor sections that were fixed either with acetone
or with neutral-buffered formalin (Table 2).

Reactivity on a Panel of Human Tumors. The distribution of
15A8 reactivity was restricted to epithelial tumors. All of the
breast, bladder, colon, ovarian, prostate, pancreatic, renal, and
lung adenocarcinoma and squamous carcinoma specimens stud
ied reacted homogeneously with 15A8 (Fig. 2, Table 2). In the
breast carcinoma specimens, both intraductal and infiltrating
epithelial cells were similarly stained. None of the lymphomas,
melanomas, neuroblastomas, sarcomas, or small cell lung tu
mors examined were reactive with 15A8 (Table 2).

Antibody 15A8 also reacted with several carcinoma cell lines.
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Table 1 Reactivity oflSAS and Â¡5A8-GYK-DTPAwith normal human and
monkey tissues

Acetone-fixed, frozen normal tissue sections were stained by the ABC method
with antibodies at a concentration of 10 fig/ml. Staining with the irrelevant
immunoconjugate BL-3-GYK-DTPA was used to define the background.

TissueLiverKidneyAdrenalLymph

nodeHeartSkinLungPancreasThymusThyroidSpleenBreastOvaryUterusTestisEsophagusStomachSmall

intestineColonSkeletal

muscleCell

type or
structureHepatocytes

PortaltractGlomerulus

Proximal tubules
Henle's loop

Distal tubules
CollectingtubulesCortex

MedullaCardiac

muscleEpidermis

Glands
Reticular fibers/
nerveAlveoli

Bronchial epithelium
Bronchial glands
Smooth muscle
Macrophages
ChondrocytesAcinar

cells
Islet cells
DuctsHassall's

corpusclesEndometrial

glands15A8-

(4/4)
++(4/4)Â±Â»

(3/4)
- (4/4)
- (4/4)
+ (4/4)
+(4/4)-

(3/3)
-(3/3)-

(2/2)-

(3/3)++

(3/3)
++ (3/3)
-(3/3)Â±

(3/3)
++ (3/3)
+ (3/3)
- (3/3)
- (3/3)
-(3/3)+

(3/3)
- (2/2)
+(3/3)+

(1/1)-

(2/2)-

(2/2)++

(2/3)'-

(3/3)+

(1/1)ND++

(2/2)-

(1/1)-

(1/1)-

(2/2)NDReactivity"Human15A8-GYK-DTPA-

(2/2)
++(2/2)Â±"

(2/2)
- (2/2)
- (2/2)
+ (2/2)
+(2/2)-

(2/2)
-(2/2)-

(2/2)-

(2/2)++

(2/2)
++ (2/2)
-(2/2)Â±

(2/2)
+ (2/2)
Â± (2/2)
- (2/2)
- (2/2)
- (2/2)ND

ND
NDNDNDNDNDNDND-

(1/1)NDNDNDNDNDMonkey

15A8+++

++---++++

ND+Â±--++-+-+-fNDND--

â€¢¿�Staining was scored as: -, no staining above background; Â±,weak positive

staining; +, positive staining; ++, strong positive staining; ND, not done or cell
type/structure was not seen. Number in parentheses, number of specimens having
the indicated reactivity of the total number tested.

b Bowman's capsule.
' The negative specimen contained no epithelium.

Immunofluorescence staining of live cells demonstrated that
15A8 reacted with a diffuse cell surface antigen expressed on
100% of MCF-7, MX-1, BT-20, and SKBR-3 cells (data not
shown). Immunoperoxidase staining demonstrated that the an
tigen was also expressed in xenografts generated from MX-1
and MCF-7 cells (data not shown). The antigen was not ex
pressed on cultured ZR-75-1 breast cells, and only a small
percentage of cells exhibited very weak immunoperoxidase
staining in xenograft tumors (data not shown).

Tumor Localization Kinetics. The biodistribution and imaging
efficacy of 15A8-GYK-DTPA-"'In in nude mice bearing MX-
1 or MCF-7 breast carcinoma xenografts and in normal nude
mice were assessed on day 1 and day 3 or 4 after i.v. injection.
The average dose injected contained ~50-90 Â¿tCi(by dose
calibrator) on 7.5-11.9 Mg of protein (Table 3). The average
tumor weights ranged from 0.08 to 0.40 g (Table 3). The average
biological (whole body) half-life calculated from dose calibrator
data assuming a single exponential decay function between day
0 and day 3 or 4 ranged from 5.3 to 7.8 days (Table 3). The
half-life of the "'In label in the blood calculated from the

percentage of ID/g data for blood assuming a single exponential
decay between day 1 and day 3 or 4 ranged from 3.0 to 4.4 days
(Table 3). These values were calculated only for the normal
mice in each study; the ability of the tumors to remove conjugate
from the blood makes the calculation of these values inappro
priate in tumor-bearing mice. These serum half-life values are
similar to those of other site-specific murine IgG-GYK-DTPA-
111In conjugates (4, 5) but are less than the 6-8-day range
reported for the serum half-life of murine IgG 1 antibodies in
mice (6).

15A8-GYK-DTPA-'"In administered i.v. localized to and
imaged both MX-1 and MCF-7 xenografts. Localization of the
immunoconjugate to tumors was evident 1 day after injection.
The average accumulations in MX-1 tumors were 14.3% ID/g
and 12.9% ID/g in Studies 1 and 2, respectively, and the
corresponding tumonblood ratios were 1.5:1 and 1.6:1 (Fig. 3,
A and B). Similarly, the average accumulation in MCF-7 tumors
was 19.4% ID/g, and the tumonblood ratio was 2.3:1 (Fig. 4).
Both the tumor accumulation and the tumonblood ratios in
creased with time. Between day 1 and day 4, the tumor accu
mulation increased approximately 1.3-fold to 19.3% ID/g in
MX-1 tumors and 24.4% ID/g in MCF-7 tumors. During this
interval, the percentage of ID/g in blood decreased 2.2-fold,
and, thus, the tumonblood ratios increased approximately 3-
fold to 4.7:1 in MX-1 tumors and 6.2:1 in MCF-7 tumors (Figs.
3A and 4). Both the tumor accumulation (15.2% ID/g) and the
tumonblood ratio (3.1:1) for MX-1 tumors on day 3 were
intermediate between those on days 1 and 4 (Fig. 3B).

As expected from the biodistribution data, both MX-1 and
MCF-7 tumors were identified in rail ioimages of tumor-bearing
mice that had received injections of 15A8-GYK-DTPA-'"In.

Table 2 Reactivity of 15A8 on a panel of human tumors
Frozen sections of human tumor tissue were fixed with 10% neutral buffered

formalin and stained by the ABC method with 1SA8 at 10 *<g/ml.Staining with
an irrelevant mouse IgG 1 monoclonal antibody was used to define the background.

ReactivityTissue

typeBladder

carcinomaBreast
carcinomaColon
carcinomaLung

carcinomaAdeno/SquamousSmall

cellLymphomaMelanomaNeuroblastomaOvarian

carcinomaPancreatic
carcinomaProstate
carcinomaRenal
carcinomaSarcomaPositive/total

Intensity"2/2

+ -,++7/7*
+ -Â»+++3/3

+ -+++3/3

*-.+++0/10/30/30/13/3

+ ->+++2/2
++ -,+++3/3
+ -.++3/3
+ -.++0/3%

cells10060-10060-10060-100000060-10010010020-300

" The range of reactivities seen in samples studied: â€”¿�,no staining above

background; +, weak positive staining; ++, positive staining; +++, strong positive
staining.

* Four breast tumor specimens were fixed with acetone, and three were fixed

with neutral buffered formalin.
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â€¢¿�â€¢â€¢â€¢MB

â€¢¿�-.Â«' '/Â« â€¢¿�' :
' â€¢¿�'Si1 . â€¢¿�O â€¢¿�,â€¢¿�

Fig. 1. Immunoperoxidase staining of acetone-fixed, frozen normal human tissues. I. breast stained with I5A8; B, breast stained with the irrelevant control IgG
BL-3; C, lung stained with ISA8; /'. liver stained with 1SA8; /. pancreas stained with 1SA8; /â€¢'.kidney stained with 1SA8. Bar, SOÂ¡an.

Fig. 2. Immunoperoxidase staining of formalin fixed, frozen tumor sections using either ISA8 I.I ( ) or an isotype-matched, irrelevant mouse monoclonal IgG (D-
/ ) as the primary antibody. A and /-*,breast carcinoma; B and E, colon carcinoma; C and / . lung adenosquamous carcinoma. Bar, 50 cm.

Although the immunoconjugate specifically localized to all
tumors, the ability to image tumors appeared to be dependent
on tumor size. Four of 10 MX-1 tumors were imaged on day
1, and 5 of 8 tumors were imaged on day 3 or 4; the tumors
imaged all weighed more than 0.2 g, and the tumors that did
not image all weighed less than 0.2 g. On day 3 or 4, the tumors
were easily visualized (Fig. 5). On day 1, however, as expected
from the low tumorblood ratio, the contrast between the tumor
and the background counts due to circulating antibody was
weak (data not shown). In contrast to MX-1 tumors, the com-

paratively small (0.07 to 0.16 g) MCF-7 tumors did not image
well. On day 4, all 3 tumors were successfully imaged, but
despite the high tumorblood ratio, the contrast between the
tumor and the circulating counts was weak (data not shown);
none of the 3 tumors examined on day 1 imaged.

No unusual accumulation of the immunoconjugate was ob-
served in the organs of MX-1 tumor-bearing mice, MCF-7
tumor-bearing mice, or normal mice. All of the normal organs
examined had a percentage of ID/g less than or equal to that
of blood at all time points examined (Figs. 3 and 4). The
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Table 3 Summary of biodistribution experiments
The indicated dose of 15A8-GYK-DTPA-'"In was injected into mice on day

0, tumors were weighed at dissection, and the average whole-body and blood half-
lives in groups of three normal mice were determined as described in "Materials
and Methods."

Study1

2
34TumorMX-1

MX-1
MCF-7
ZR-75-1Antibody

dose
0-g)7.5Â°

9.4*
11.9*
7.0Â°Average

tumor
size(g)Day

10.08

0.40
0.15
ND'Day

40.13

0.33e

0.11
0.67Whole-body

tv, (days)5.9

5.3C

7.8
NDBloodtv,

idÂ»Â»3.8

4.4e

3.0
ND

' Specific activity,
* Specific activity, 9.3 /Â¿Ci//ig.
' Mice were dissected at 3 days postinjection. The whole-body half-life was

calculated between day 0 and day 3, and the blood half-life was calculated between
day 1 and day 3.

d Specific activity, 7.0 Â»iCi/ng.
' ND, not determined. Tumor-bearing mice were dissected on day 4 only and

normal mice were not used in this experiment.

percentage of ID/g in the blood and organs of tumor-bearing
mice was slightly lower than that in normal mice, possibly
because tumor-bearing mice were edematous as a result of the

estrogen treatment.
Immune Specificity of Tumor Localization. The immune spec

ificity of 15A8-GYK-DTPA-'"In tumor localization was deter
mined by comparing its biodistribution in mice bearing MX-1,
MCF-7, or ZR-75-1 breast carcinoma xenografts. In contrast
to MX-1 and MCF-7 cells, ZR-75-1 cells do not express the
antigen recognized by antibody 15A8. Immunoconjugate 15A8-
GYK-DTPA-'"In did not localize to ZR-75-1 xenografts. On

day 4, the tumor accumulation was only 6.5% ID/g, and the
blood level was 7.3% ID/g, corresponding to a tumonblood
ratio of 0.9:1 (Table 4). The lack of accumulation of immuno-

conjugate in tumors was not a result of tumor size because high
tumor accumulation was observed in mice bearing similar size
MX-1 xenografts (Table 3 and Fig. 35). Nor did the lack of
tumor accumulation result from abnormal accumulation of
immunoconjugate in normal tissues, because the normal organ

distribution in ZR-75-1 tumor-bearing mice was similar to that
in MX-1 or MCF-7 tumor-bearing mice (Table 4).

Pharmacokinetics in Cynomolgus Monkeys. How the reactiv
ity of 15AS with normal human epithelia would affect its in
vivo localization and imaging cannot be assessed in mice be
cause the target antigen for 15AS is not expressed in normal
mouse tissues. However, as demonstrated in Table 1, antigen
expression in normal cynomolgus monkey and human tissues
is similar. Thus, cynomolgus monkeys can be used to determine
whether 15AS localizes to normal epithelia and whether this
localization produces any toxic effects.

To determine whether significant amounts of 15AS localized
to normal epithelia, we compared the tissue distributions of
15A8-GYK-DTPA-'"In and 125I-labeIed B72.3-GYK-DTPA,
an isotype-matched immunoconjugate that does not react with

normal monkey epithelia. At 48 h postinjection, the amount of
15A8-GYK-DTPA-'"In was less than the amount of B72.3-
GYK-DTPA-125! in most of the tissues examined (Fig. 6). The
only exceptions, heart and ovary (Fig. 6), are antigen-negative
tissues (Table 1); thus the excess accumulation of 15A8-GYK-
DTPA cannot be attributed to a specific antibody-antigen in
teraction. At 120 h postinjection, the ratio of 15A8-GYK-
DTPA-'"In to B72.3-GYK-DTPA-1"! increased somewhat but

did not exceed 2.7:1 in any tissue (Fig. 6). Furthermore, similar
increases in ratios occurred in both antigen-negative and anti
gen-positive tissues (Fig. 6). This suggests that the relative
increase in 15A8-GYK-DTPA did not result from a specific
antibody-antigen interaction. Rather, differences in the metab
olism of the two isotopes were probably responsible. Indeed,
whereas '"In remains chelated to GYK-DTPA immunoconju-

gates in vivo (7), it is well known that dehalogenation causes
'"I to be released from antibodies. Because thyroid uptake of
iodine was not blocked in this study, any I25Ireleased from the

antibody would have been rapidly removed from circulation by
the thyroid. Thus, dehalogenation would result in lower appar
ent tissue levels of B72.3-GYK-DTPA and inflated estimates
of the 15A8:B72.3 ratios.

Both isotopes exhibited two-component exponential decay

Fig. 3. Biodistribution of 15A8-GYK-
DTPA-'"In in nude mice bearing MX-1 xen

ografts and in normal nude mice. The percent
age of ID/g and orgamblood ratios were cal
culated. In/4, 7.5 UKof immunoconjugate (spe
cific activity, 6.7 nCi/iig) were injected, and
mice were dissected after 1 day (â€¢.D) and 4
days (D, D). In /(. 9.4 ng of immunoconjugate
(specific activity, 9.3 /iCi/ng.) were injected,
and mice were dissected after 1 day (â€¢,G) and
3 days P, D).
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kinetics (data not shown). The 0-phase blood elimination half-
life of the '"In (27.0 and 27.5 h in male and female monkeys,
respectively) was somewhat slower than that of the 125I(20.7

and 19.7 h in male and female monkeys, respectively). The
observation that 15A8-GYK-DTPA was not removed from the
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Fig. 4. Biodistribution of 15A8-GYK-DTPA-'"In in nude mice bearing MCF-
7 xenografts and normal nude mice at 1 day (â€¢,i..1)and 4 days (H, D) after i.v.
injection of 11.9 IÂ¡Kof immunoconjugate (specific activity, 7.0 nCi/fig). The
percentage of ID/g and organ:blood ratios were calculated.

Fig. 5. Whole-body scintigraphic image (.11 of a nude mouse bearing a s.c.
MX-1 tumor (A). This image was obtained 4 days after injection of 7.5 Â¿igof
15A8-GYK-DTPA-'"In (specific activity, 6.7

Table 4 Distribution of l5A8-GYK-DTPA-'"ln in nude mice bearing antigen-
positive and antigen-negative breast tumors

Tumor-bearing nude mice received ~IO Â»%15A8-GYK-DTPA-'"In i.v. on day

0 and were imaged and dissected on day 4.
Tissue distribution (% ID/g)Â°

Tumor type:Antigen-positive*OrganBlood

Lung
Spleen
Liver
Kidney
Tumor
MuscleXenograft:

MCF-73.9

2.4
2.6
3.83.5

24.4
0.5MX-14.3

2.4
3.1
4.5
3.5

19.3
0.6Antigen-negativeZR-75-17.3

3.5
3.9
6.2
4.9
6.5
0.7

' Mean % ID/g. n = 5 (MX-1) and n = 3 (MCF-7, ZR-75-1).
* Data are from Studies 1 and 3 (see Table 3 and Figs. 3 and 4).
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Fig. 6. Ratio of l5A8-GYK-DTPA-'"ln to B72.3-GYK-DTPA-'"! in 15A8
antigen-positive and antigen-negative tissues of a female cynomolgus monkey.
Individual monkeys were dissected at 48 (â€¢)and 120 (D) h after injection of a
mixture containing 0.S mg of each radiolabeled antibody, the '"In and '"I content

of each tissue was determined, and the specificity ratio was calculated by dividing
the '"In cpm/g tissue by the 12!Icpm/g tissue. Similar results were obtained for

a male monkey dissected at 120 h postinjection.

circulation more rapidly than the control immunoconjugate is
consistent with the observation that 15A8-GYK-DTPA did not
significantly localize to normal epithelia.

No signs of clinical toxicity or loss of weight were observed
during the course of this study. Transient increases in aspartate
aminotransferase (2-fold at 24 h) and amylase (1.1-fold at 48
h) were observed; both values returned to baseline at 48 and
120 h postinjection, respectively. Small decreases in total pro
tein (15%), albumin (12%), globulin (19%), and calcium (12%)
were observed at 48 h, but all values returned to baseline at 120
h. These data suggest that i.v. administration of 15A8-GYK-
DTPA was associated with only transient, minor acute effects.

DISCUSSION

This study demonstrates that immunoconjugates of monoclo
nal antibody 15A8 have potential utility in the diagnosis and
therapy of breast cancer as well as other carcinomas. The site-
specifically labeled immunoconjugate 15A8-GYK-DTPA-'"In

localized well to and imaged breast tumor xenografts. The
observation that 15A8-GYK-DTPA-'"In did not accumulate
to unusually high levels in either the antigen-negative breast
xenograft or in normal tissues demonstrates that the localiza
tion to antigen-positive xenografts resulted from a specific
antibody-antigen interaction. The high level of uptake in tumor
xenografts and minimal uptake in normal mouse tissues were
similar to those obtained with other site-specifically labeled
immunoconjugates against mucin-producing adenocarcinomas
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(3), carcinoembryonic antigen-producing carcinomas (5), or
prostate carcinomas (4) that have successfully imaged tumors
in the clinic (8, 9).3 Thus, 15A8-GYK-DTPA-'"In may be

clinically useful for radioimmunoscintigraphy of breast cancer.
Immunofluorescence staining of live cultured breast carci

noma cells confirmed the observation that 15A8 recognizes a
cell surface antigen (1). Cell surface expression is consistent
with our in vivo data, which indicate that the antigen in xeno-
grafts was readily accessible to the immunoconjugate.

Immunohistological staining of frozen tissues showed that,
in addition to breast carcinomas, many epithelial tumors ho
mogeneously expressed the antigen recognized by 15A8. No
reactivity was seen with the 4 different nonepithelial human
tumor types tested. Originally, 15A8 was reported to react with
human breast, lung squamous, colon, and prostate carcinomas
but not with a variety of other epithelial tumors (1). However,
results presented here indicate that 1SA8 is reactive with the
majority of epithelial tumors. The additional reactivities were
probably observed because of the greater inherent sensitivity of
the ABC technique used here.

Antibody 15A8 and 15A8-GYK-DTPA exhibited similar lim
ited reactivity with normal human tissues. Only epithelial struc
tures, including normal breast epithelium, lung alveoli, bron
chial epithelium and glands, liver bile ducts, pancreatic ducts,
kidney distal and collecting tubules, epidermal and esophageal
keratinocytes, endometrial glands, and thymic Hassall's cor

puscles, were reactive. The breast, renal, epidermal and esoph
ageal reactivities were previously observed by White et al. (1),
but the other reactivities were not. As suggested above, the
increased sensitivity of our immunohistochemical staining pro
cedure may account for these additional reactivities.

The consequence of the normal epithelial reactivities on in
vivo localization and imaging in humans is not known. How
ever, the biodistribution analysis in cynomolgus monkeys sug
gests that the amount of 15A8-GYK-DTPA localizing to nor
mal epithelia in vivo is small. Furthermore, monkeys injected
with 15A8-GYK-DTPA exhibited no overt signs or symptoms
of toxicity and only transient, small changes in blood chemistry.
These observations suggest that the amount of immunoconju
gate localizing to normal epithelia will not present an immedi
ate hazard to patients.

Localization of immunoconjugates to normal epithelia may
be limited because the antigen may not be readily accessible to
blood-borne antibodies. Epithelial tissue is not vascularized.
Molecules from the circulation reach the basal side of the
epithelia by diffusion from vessels in the underlying connective
tissue. The tight junctions formed between normal epithelial
cells may prevent large molecules in the basal region from
reaching most of the cell membrane.

Antibody 15A8 appears to recognize a unique antigen because
its pattern of immunohistological reactivity with normal and
malignant human tissues is different from those of other breast
carcinoma-reactive antibodies. Based on this criterion, 15A8
does not appear to recognize the peptide epitope of human milk
mucin defined by antibody SM-3 (10, 11). Nor does 15A8
recognize the B72.3-reactive Tn antigen carried on mucin mol
ecules (12). The tissue distribution of the 15A8 epitope is also
different from that of the epidermal growth factor receptor (13),
the p 185 product of the c-erbB-2 oncogene (14, 15, 16), and

' G. Wynant, G. P. Murphy, J. S. Horoszewicz, C. E. Neal, D. Collier, E.
Mitchell, G. Purnell, I. Tyson, A. Heal, H. Abdel-Nabi, and G. Winzelberg.
Immunoscimigraphy of prostatic cancer: preliminary results with "'In-labeled
monoclonal antibody 7E11-C5.3 (CYT-356). Prostate, 18: 229-241, 1991.

the cell surface antigens defined by antibodies BCD-F9 (17)
andRCC.l (18).

Several clinical studies have used radiolabeled antibodies for
imaging breast tumors with limited success. Antibodies admin
istered i.v. that are reactive with high-molecular-weight com
ponents of human milk fat globule have been shown to localize
to both primary and metastatic breast tumors (19-23), but the
sensitivity of tumor imaging was generally low. In one study
primary tumors and soft tissue (but not bone) mÃ©tastaseswere
imaged (23), whereas only small bone mÃ©tastaseswere imaged
in a second study (20, 21). Perhaps the cell membrane antigen
recognized by antibody 15A8 will prove to be a better target for
tumor imaging. Finally, recent reports have demonstrated that
s.c. administered radiolabeled antibodies to breast carcinoma
cell surface antigens can image regional lymph node mÃ©tastases
with high sensitivity and specificity (24-27). A site-specific
immunoconjugate of antibody 15A8 may also prove useful for
immunolymphoscintigraphy and could potentially reduce the
need for axillary node dissection during breast cancer staging.
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