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ABSTRACT

Class-switched monoclonal antibody SV2-61 r recognizes the extracel
lular domain of f-erbB-2 protooncogene products separate from the
epidermal growth factor receptor. We studied the potential of SV2-61r
for evaluating the amplification of c-erbB-2 protooncogene on cancer
cells, which has been reported to have prognostic value in adenocarcinoma
patients. Radiolabeled SV2-61r specifically bound to various adenocar
cinoma cells in addition to c-erÃ©A-2-transfectedNIH-3T3 cells (A4) with
the affinity constant of 4.4 x 10*M"1.SV'2-61 r injected i.v. localized well

to A4 cells xenografted in nude mice. Tumor uptake and localization
index of radioiodinated SV2-*lr were lower than those of '"In-labeled

SV2-6lr, probably due to the internalization and dehalogenation of
formed antibody-antigen complexes. Biodistribution and specificity of
targeting were assessed by comparison among three cells, A4, lung cancer
SBC-3 (c-erbB-2 weakly positive) and B-lymphoblastoid Manca cells (c-
erbB-2 negative). Tumonblood ratios, obtained 48 h after injection, were
5.63, 1.45, and 0.68, respectively, indicating the potential of '"In-labeled
SV2-61r for evaluating the amplification of c-erbB-2 protooncogene on
cancer cells. Because of its close relationship with carcinogenesis and the
uniform expression, c-erbB-2 protooncogene products seem to be the
optimal target of imaging and therapy of adenocarcinoma patients.

INTRODUCTION

The protooncogene designated c-erbB-2 is a cellular oncogene
corresponding to v-erbB oncogene discovered from avian eryth-
roblastosis virus and is different from EGF2 receptor (1, 2). c-
erbB-2 products have extracellular, transmembrane, and intra-
cellular domains which have tyrosine kinase activity and are
thought to be a receptor of unknown growth factor (3, 4). The
overexpression ofc-erbB-2 protooncogene has been reported to
be related to the poor prognosis of breast and ovarian cancer
patients (5-7). Mo Ab SV2-61r was produced by immunizing
mice with NIH-3T3 cells transfected with c-erbB-2 genes (8),
which recognized the extracellular domain ofc-erbB-2 products,

separate from EGF receptor.
Antitumor MoAbs have been used for carrying radionuclides

selectively to cancer tissues and clinically applied for the diag
nosis and/or therapy of cancers (9-11). Encouraging responses
have been described in some instances, including cases with
brain glioma who showed clinical improvement after infusion
of radioiodinated MoAb against EGF receptor (12). In this
paper, we studied the potential of radiolabeled SV2-61r for
evaluating the overexpression of c-erbB-2 protooncogene prod
ucts, using several tumor models xenografted in nude mice.
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MATERIALS AND METHODS

Cells. MDA-MB-453 (13) and ZR75-I (14) human breast cancer
cells. MKN7 human gastric cancer cells (15), SBC-3 human small cell
lung cancer cells (16), and Manca human B-lymphoblastoid cells (17)
were grown in RPMI medium (Nissui Pharmaceutical Co., Tokyo,
Japan) supplemented with 10% fetal calf serum (GIBCO Laboratories,
Grand Island, NY) and 0.03% L-glutamine. Human c-erbB-2 gene-
transfected NIH-3T3 (A4) and human Ha-ras gene-transfected NIH-
3T3 cells were grown in Eagle's minimal essential medium (Nissui

Pharmaceutical Co., Tokyo, Japan) supplemented with 10% fetal calf
serum and 0.03% L-glutamine. Subconfluent cells were removed using
calcium- and magnesium-free PBS containing 0.02% EDTA to preserve
protein antigen.

Monoclonal Antibodies. SV2-61 was generated by a standard method
as previously reported (8). In brief, hybridomas were established by a
somatic fusion between P3X63Ag8.653 mouse myeloma cells and
spleen cells of BALB/c mice hyperimmunized against SVII cells in
which the full-length c-erbB-2 complementary DNA was expressed
under simian virus 40 promoter. Screening of hybridomas was per
formed by selecting hybridomas whose supernatant reacted with SV11
cells but failed to react with NIH-3T3 cells, and then cloned by the
limiting dilution method. MoAb SV2-61 was originally an IgM but
then was class switched to IgG 1 and, thus designated SV2-61 r. Purified
SV2-61r using Protein A affinity chromatography was supplied from
Nichirei Co. (Tokyo, Japan). Murine MoAb designated 59A (IgGI)
reactive with human thyroglobulin was used as the isotype-matched
control Ab.

Radiolabeling of MoAbs. MoAbs were radioiodinated using the chlor-
amine-T method (18). Purified Abs (40 ^g) in 0.3 M PB, pH 7.5, and
I25I(11.1 MBq) for protein labeling (Amersham International, Buck
inghamshire, United Kingdom) were mixed with 3.0 ng of chloramine-
T (Nakarai Chemicals, Kyoto. Japan) dissolved in 0.3 M PB. After 5
min of reaction, radiolabeled Abs were separated from free iodine
through PD-10 gel chromatography (Pharmacia LKB Biotechnology,
Uppsala, Sweden). Specific activities of ':5I-labeled Abs were about 74

MBq/mg.
MoAbs were labeled with '"In using DTPA as a bifunctional chelat-

ing agent (19). MoAb solution (1 mg/ml) in 0.1 M NaHCO.i was mixed
with cyclic DTPA anhydride under a DTPA:MoAb molar ratio of 4 for
l h at room temperature and, then, unconjugated DTPA was separated
by applying to PD-10 gel chromatography using 0.2 M citrate buffer as
an eluent. DTPA-conjugated Ab was mixed with '"In-acetate and

allowed to stand for l h at room temperature. The mixture was then
applied to PD-10 gel chromatography, and free '"In was removed.

Labeling efficiency was estimated to be about 80%. Conjugation ratios
of DTPA to SV2-61r, estimated as previously described (19), were

0.47.
Radiolabeled Abs were analyzed by the size exclusion high-perform

ance liquid chromatography equipped with TSKG3000SW column
(Tosoh Co., Tokyo, Japan). More than 95% of the radioactivity was
associated with the IgG fraction for both radioiodinated and '"In-
labeled Abs, and high-molecular-weight species, indicating the presence
of Ab aggregates, were not observed (data not shown).

Cell Binding Assay. '"I-labeled MoAbs (30,000 cpm/100 ^1) were

incubated with increasing concentrations of several cancer cells (1 x
10" to 2 x 10"/100 ^1) in 5.7- x 46-mm microcentrifuge tubes for l h
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at 4Â°C.After centrifugation at 10,000 x g, the supernatant was aspi

rated, and the tubes were cut. The radioactivity bound to cells was
counted in an auto-well gamma counter. Specific binding to cells was
calculated by subtracting the nonspecific binding of '"I-labeled control
59A Ab from the total binding of '"I-labeled SV2-61r. The binding of

59A to each cell was less than 2% of added radioactivity.
To calculate the binding affinity constants using Scatchard plot

analysis (20), '"I-labeled MoAbs and increasing amounts of corre
sponding milabeled MoAbs were incubated with 1 x IO6A4 cells for 1
h at 4Â°C,and the radioactivity bound to cells was counted. The immu-

noreactive fraction was also estimated by the method of Lindmo et al.
(21) by linear extrapolation to binding at infinite antigen excess.

Biodistribution Study and Immunoscintigraphy. For in vivo studies of
radiolabeled MoAbs, 5 x 10* A4 cells were inoculated s.c. in female
BALB/c-flu/nu mice. After 10 days, the tumor grew to be about 0.8 g
in weight. Potassium iodide solution was administered to mice begin
ning 1 day before the injection of radioiodinated Abs to inhibit the
uptake of released radioiodine into the thyroid. Nude mice, bearing A4
xenografts, were given injections into the tail vein of 37 kBq of radio-
labeled SV2-61r or 59A Ab. The Ab dose was adjusted to 10 ^g per
mouse by the addition of corresponding milabeled Ab. At 3, 12, 24, 48,
and 96 h after injection, groups of mice were killed by ether inhalation,
organs were removed and weighed, and the radioactivity was counted.
Data were expressed as both percentages of injected dose per g of tissue
and tumornormal tissue ratios. Localization indices were also obtained
which were derived from the tumonblood ratios of specific Ab divided
by those of control 59A Ab.

For the imaging tumor-bearing nude mice, 1.85 MBq of " 'In-labeled
SV2-61r was administered i.v. with total Ab dose of 50 Â¿<g.At 24 and
48 h after injection, mice were anesthetized by i.p. injection of sodium
pentobarbital, and scintigrams were obtained using a gamma camera
equipped with a pin-hole collimeter.

RESULTS

In Vitro Reactivity of SV2-61r. Among the various cells
studied, '"I-labeled SV2-61r Ab showed the highest binding to
the two breast cancer cells, MDA-MB-453 and ZR75-1, and
to c-Â£rÂ¿>/?-2-transfectedA4 cells, and then in the order of MKN-
7, SBC-3, Manca, and Ha-ras-transfected NIH-3T3 cells (Fig.
1). The binding affinity constant to A4 cells calculated after
Scatchard plot analysis was 4.4 x 10s M~', and the immunore-
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Fig. I. Cell-binding curves of '"I-labeled SV2-61r. '"I-labeled SV2-61r was
incubated with increasing concentrations of target cells (â€¢,A4; O, MDA-MB-
453; A, ZR75-I; A, MKN7; â€¢SBC-3; G, Manca; x, Ha-res-transfected NIH-
3T3) for l h at 4"C. After centrifugation, radioactivity bound to cells was counted.
Nonspecific binding of '"I-labeled 59A was subtracted for specific binding of '"I-
labeled SV2-61r. *, cells used for biodistribution studies.

active fraction was estimated to be more than 80%.
In spite of the low conjugation ratio of DTP A to SV2-61r,

the cell binding activity of "'In-labeled SV2-61r was about
80% of that of the 125I-labeled one (data not shown). By ex

changing the reaction buffer and the mixing molar ratio of
cyclic DTPA anhydride to SV2-61r, no improvement of im-
munoreactivity was achieved. Radiocolloid formation was not
observed by the analysis using the size exclusion high-perform
ance liquid chromatography.

In Vivo Biodistribution Study. SV2-61r labeled with radioi
odine or '"In showed a specific localization to the A4 tumor

xenografted in nude mice (Tables 1 and 2), and tumornormal
tissue ratios and localization indices increased with time. How
ever, biodistribution in nude mice was quite different between
125I-and '"In-labeled SV2-61r. The uptake of '"In-labeled
SV2-61r in the xenografted tumor persisted longer and reached
its peak value 48 h after injection. On the other hand, accu
mulation of '"I-labeled SV2-61r in the tumor reached its peak

value 12 h after injection and then decreased. Blood clearance
of ' ' 'In-labeled SV2-61 r was faster than that of the '25I-labeled
one. The tumonblood ratio of '"In-labeled SV2-61r was as

high as 9.06 at 96 h after injection, as compared with 1.52 of
'"I-labeled SV2-61r. Localization indices at 24, 48, and 96 h

after injection, obtained by dividing the tumonblood ratios of
'"In-labeled SV2-61r by those of '"In-labeled 59A, were 2.21,
3.61, and 5.39, respectively, and those of '"I-labeled Ab were

1.88, 2.00, and 3.04, respectively.
The specificity of targeting was further assessed by compari

son of the biodistribution among three cells, A4, SBC-3 human
small cell lung cancer, and Manca human B-lymphoblastoid
cells. Manca cells did not express c-erbB-2 products on the cell
surface and were used as c-erAÃ„-2-negative tumors, but SBC-3
cells were used as tumors with a low level of amplification of c-
erbB-2. The tumonnormal tissue ratios varied among the three
xenografts A4, SBC-3, and Manca (Table 3), and tumorrblood
ratios obtained 48 h after i.v. injection of '"In-labeled SV2-

61 r were 5.63, 1.45, and 0.68, respectively. To minimize the
influence of vascularity, permeability, blood flow, and so on,
tumonblood ratios of SV2-61r in each tumor were divided by
those of isotype-matched control 59A Ab. Values of the Manca
tumor ranged from 0.86 to 1.22, indicating that there was no
specific localization of SV2-61r in c-erÃ„Ã„-2-negativetumors.
In contrast, those of A4 ranged from 2.28 to 3.61.

Scintigraphic imagings confirmed the results of biodistribu-
tion studies. "'In-labeled SV2-61r clearly visualized A4 xeno
grafts, which overexpressed c-erbB-2 products (Fig. 2).

DISCUSSION

Recent studies have shown that c-erbB-2 has transforming
activity when transfected to cells and also has a close relation
ship with the carcinogenesis of several cancers (22, 23). Some
breast and ovarian cancers express high levels of c-erbB-2, and
amplification of the c-erbB-2 protooncogene is related to poor
prognosis (5-7). In addition to cancer tissues, c-erbB-2 is com
monly expressed on fetal tissues but scarcely on normal human
tissues (24, 25). The gene amplification of c-erbB-2 is propor
tional to the amount of c-erbB-2 product expression assessed
immunohistochemically using monoclonal or polyclonal Abs
(6, 26). These findings suggest that the c-erbB-2 product is a
good target for Ab-guided localization or therapy of cancer
patients.

The Mo Ab SV2-61r, reactive with the extracellular domain
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Table I Biodistribution of'-fl-labeledSV2-61r in nude mice bearing A4 xenografts

Blood
Liver
Kidney
Lung
Muscle
Bone
Tumor3

h (n =5)23.48
Â±2.38*

8.78 Â±1.83
7.66 Â±0.83
8.76 Â±1.31
0.95 Â±0.18
2.12 Â±0.29
6.75 Â±1.6912

h (n =4)15.08

Â±0.79
4.41 Â±0.89
4.52 + 0.18
6.27 Â±0.59
0.88 Â±0.10
1.10 + 0.12

10.96 + 0.9124

h (n =5)9.08

Â±0.60
3.12 Â±0.84
2.77 + 0.26
3.90 Â±0.36
1.01 Â±0.23
1.26 + 0.07
8.70 + 0.6548

h (n =5)5.37

Â±0.95
1.52 Â±0.20
1.71 Â±0.27
2.56 Â±0.49
0.58 Â±0.09
0.56 Â±0.16
5.73 + 0.8096

h (n =6)2.48

Â±0.61
0.88 Â±0.27
0.84 + 0.22
1.41 Â±0.58
0.26 Â±0.08
0.33 Â±0.07
3.82+ 1.27

" n, number of mice.
* Mean Â±SD of the percentages of injected dose per g of tissue.

Table 2 Biodistribution of "In-labeled SV2-6Ir in nude mice bearing A4 xenografts

3 h (n = 4)Â° 12h(n = 4) 24 h (n = 4) 48 h (n = 5) 96 h(n = 4)

BloodLiverKidneyLungMuscleBoneTumor23.53Â±11.63
+12.42Â±8.83

Â±1.16
Â±<3.65
Â±7.84

Â±.46*.90.14.17).12.16.2811.71

Â±0.909.99
Â±1.2812.19
Â±1.045.95
Â±0.391.12
+0.112.79

Â±0.1812.84Â±
1.545.85

+0.759.73
Â±1.9113.96

Â±0.664.15
+0.651.07
+0.093.06
Â±0.2214.21
Â±2.862.73

Â±0.328.41
Â±1.1313.27

Â±0.652.77
Â±0.320.85
Â±0.043.05
+0.1415.13
Â±1.531.0710.4712.212.320.712.920.380.160.130.190.050.189.34Â±2.12

" n, number of mice.
* Mean Â±SD of the percentages of injected dose per g of tissue.

Table 3 Biodistribution of "'In-labeled SV2-61r and 59A in nude mice bearing
A4, SBC-3, and Manca xenografts

Tumornormal
tissueratioTumorbloodTumorlungTumormuscleTumor:

boneMoAbSV2-61r

59A
RatiorSV2-61r

59A
RatioSV2-61r

59A
RatioSV2-61r

59A
RatioA45.63

+ 0.94"'*

1.56 Â±0.19
3.615.56

Â±0.99
1.75 Â±0.23

3.1817.90Â±

1.247.85
Â±0.78

2.284.96

Â±0.38
1.89 Â±0.18

2.62TumorSBC-31.45

+ 0.06
1.22 Â±0.06
1.192.03

Â±0.21
0.72 Â±0.08
2.828.17

Â±1.20
5.57 + 0.64
1.472.71

Â±0.40
1.66 Â±0.35

1.63Manca0.68

Â±0.05
0.79 Â±0.02
0.861.01

Â±0.01
1.11 Â±0.08
0.914.53

+ 0.27
4.51 Â±0.72
1.001.37

+ 0.15
1.12 + 0.08

1.22
" Mean Â±SD of 4 to 5 mice.
* I iimornm nul tissue ratio obtained at 48 h after injection.
rThe specific:nonspecific ratios obtained by dividing tumornormal tissue

ratios of SV2-61r by those of control 59A Ab.

oÃ¯c-erbB-2 protooncogene products, was originally an IgM, but

spontaneously class switched to IgG 1. Class switching did not
seem to affect the reactivity of the MoAb, since radiolabeled
SV2-61r bound to c-erAÃ„-2-transfected NIH-3T3 cells but
failed to bind to Ha-ras-transfected NIH-3T3 cells, indicating
the c-erbB-2 product-specific binding of SV2-61r to cell surface
antigens, and flow cytometry using a fluorescence-activated cell-

sorting analyzer and immunoprecipitation also demonstrated
the recognition of c-erbB-2 products by SV2-61r (data not
shown). The percentage of binding of SV2-61r to cell lines
varied, reflecting the degree of expression of the c-erbB-2 prod

uct. Among the 7 cells we examined, the binding activity of
SV2-61 r to cells was in the order of MDA-MB-453, A4, ZR75-
1, MKN7, SBC-3, Manca, and Ha-ra5-NIH-3T3. In the present
study, since MDA-MB-453 and ZR75-1 were not transplant-

able to nude mice, A4 xenografts were used as a tumor model
in which c-erbB-2 products were overexpressed.

Recently, clinical trials using antitumor MoAbs recognizing

Fig. 2. Scintigrams of a nude mouse bear
ing the A4 xenograft. Images of a mouse were
obtained at 24 and 48 h after the injection of
'"In-labeled SV2-61r. T, tumor; Â¿,liver; K,

kidney.
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melanoma antigens and carcinoembryonic antigen revealed that
the tumor detection rate increased as the injected Ab dose
increased (10, 27). Twenty to 100 mg of Ab have been admin
istered by the addition of unlabeled Ab. In the present study,
we injected 10 ng of Ab to each mouse, which was equivalent
to the clinically used Ab dose.

Both 125I-and '"In-labeled SV2-61r specifically localized in
A4 tumors xenografted in nude mice. Tumor uptake of the 125I-
labeled SV2-61r decreased rapidly, whereas '"In-labeled SV2-

6Ir remained in the tumor, resulting in a high iunior:blood
ratio of 9.06 at 96 h after injection of "'In-labeled SV2-61r.

Although substantial reduction of the immunoreactivity was
observed during DTPA conjugation, '"In-labeled SV2-61r

showed a higher tumor uptake than did the radioiodinated
SV2-61r. A high deposit of '"In-labeled SV2-61r in the liver
and kidney seems to be due to the intrinsic properties of "'In-
labeled Abs rather than the effect of circulating c-erbB-2 prod
ucts, since only a trace amount of antigen was detectable in the
sera of tumor-bearing mice (28).

c-erbB-2 products are known to be internalized after MoAbs
bound to them (29). Low tumor uptake and low tumornormal
tissue ratios of radioiodinated SV2-61r were probably due to
the internalization of the formed antigen-antibody complex
from cell membranes into the cells, dehalogenation, and release
of free radioiodine from the tumor. On the contrary, "'In stays
inside cancer cells, even after internalization (30). This intra-
cellular retention of '"In may be responsible for excellent
targeting of '"In-labeled SV2-61r. In addition, "'In has many
favorable nuclear properties. '"In-labeled SV2-61r seems to be
superior to U1l-labeled SV2-61r for imaging studies, as re

ported in the imaging of cutaneous T-cell lymphoma (30).
The specificity of targeting was confirmed by comparison of

biodistribution obtained with '"In-labeled SV2-61r and '"In-
labeled 59A and by examining three cancer cells: A4 (c-erbB-2
strongly positive); SBC-3 (c-erbB-2 weakly positive); and Manca
(c-erbB-2 negative) cells xenografted in nude mice. Tu-

mornormal tissue ratios and localization indices obtained at
48 h after injection of '"In-labeled SV2-61r and 59A were in
the order of A4, SBC-3, and Manca cells, reflecting the degree
of c-erbB-2 expression on cancer cell membranes. Although
most of the localization data are derived from nude mice
xenografted with the transfected murine cell line, it is probable
that SV2-61r will localize in the human tumor, since SV2-61r
demonstrated identical in vitro binding activities to human cells.
These results suggest that '"In-labeled SV2-61r is promising,
although "indirect," for evaluating the amplification of c-erbB-

2 protooncogenes.
Protooncogene products, such as EGF receptor and c-erbB-

2 product, are closely related to oncogenesis, and their expres
sion is more uniform within the tumor and from metastatic site
to site than usual tumor markers and seems to be promising as
antigens to be targeted (24, 31). The expression spectrum of
EGF receptor is different from c-erbB-2 products and comple
ments each other. EGF receptors are mainly expressed on
squamous cell carcinomas and glioblastoma (32, 33) and c-
erbB-2 products in adenocarcinomas (25, 34). Furthermore, the
expression of c-erbB-2 protooncogene products in normal tis
sues is restricted (24,25), whereas MoAbs against EGF receptor
are reported to cross-react with blood group A antigen (35).
Clinical studies using '"In-labeled SV2-61r are warranted for
Ab-guided localization of the tumor and for evaluating the
expression of c-erbB-2 products, as performed by using anti-
EGF receptor MoAbs (12).

To achieve targeted irradiation by MoAbs, 90Y used for

labeling has more favorable radiobiological characteristics than
does radioiodine, such as "'I (36). Both 90Y and '"In are

coupled to MoAbs through the chelation with DTPA, and the
biodistribution of "Â°Y-and "'In-labeled MoAbs is similar to

each other (37). Present studies indicate that the major toxicity
of liver and bone marrow will be major problems, when applied
to the immunotherapy of cancers. Investigations are under way
to decrease the high deposits of DTPA-conjugated MoAbs in
the liver and bone marrow and to increase the tumonnormal
tissue ratios, by improving chelating methods between radio-

nuclides and MoAbs (38, 39).

ACKNOWLEDGMENTS

The aulhors thank Nichirei Co. for supplying the MoAb used in this
study. They also thank Dr. Yoshiyuki Hashimoto and Dr. Takashi
Masuko of Tohoku University Pharmaceutical Institute, Sendai, Japan,
for their support of the investigation.

REFERENCES
I. Schlechter, A. L., Hung, M. C., Vaidyanathan, L., Weinberg, R. A., Yang-

Feng, T. L., Francke, U., Ullrich, A., and Coussens, L. The neu gene: an
erftÃ„-homologous gene distinct from and unlinked to the gene encoding the
EGF receptor. Science (Washington DC). 229: 976-987, 1985.

2. Semba, K., Ramata, N., Toyoshima, K., and Yamamoto, T. A v-erftB-related
protooncogene, c-erbB-2, is distinct from the c-erftfi-//epidermal growth
factor-receptor gene and is amplified in a human salivary gland adenocarci-
noma. Proc. Nati. Acad. Sci. USA, 82: 6497-6501. 1985.

3. Yamamoto. T., Ikawa. S., Akiyama, T.. Semba, K., Nomura, N., Miyajima,
N., Saito, T., and Toyoshima, K. Similarity of protein encoded by the human
c-erb-B-2 gene to epidermal growth factor receptor. Nature (Lond.), 319:
230-234, 1986.

4. Akiyama, T., Sudo. C., Ogawara, H., Toyoshima, K.. and Yamamoto, T.
The product of the human c-erbB-2 gene: a 185-kilodalton glycoprotein with
tyrosine kinase activity. Science (Washington DC), 232: 1644-1646, 1986.

5. Slamon. D. J., Clark. G. M., Wong, S. G.. Levin, W. J., Ullrich, A., and
McGuire, W. L. Human breast cancer: correlation of relapse and survival
with amplification of HER-2/neu oncogene. Science (Washington DC), 235:
177-182, 1987.

6. Slamon, D. J., Godolphin, W., Jones. L. A.. Holt, J. A., Wong, S. G., Keith,
D. E., Levin, W. J., Stuart. S. G., Udove, J., Ullrich, A., and Press, M. F.
Studies of the HER-2/neu protooncogene in human breast and ovarian
cancer. Science (Washington DC), 244: 707-712, 1989.

7. Berger, M. S., Locher, G. W., Saurer, S., Gullick, W. J., Waterfield, M. D.,
Groner, B., and Hynes, N. E. Correlation ofc-erbB-2 gene amplification and
protein expression in human breast carcinoma with nodal status and nuclear
grading. Cancer Res., 48: 1238-1243, 1988.

8. Masuko. T., Sugahara, K.. Kozono. M., Otsuki, S., Akiyama. T.. Yamamoto,
T., Toyoshima, K., and Hashimoto, Y. A murine monoclonal antibody that
recognizes an extracellular domain of the human c-erbB-2 protooncogene
product. Jpn. J. Cancer Res., 80: 10-14, 1989.

9. Larson, S. M. Radiolabeled monoclonal anti-tumor antibodies in diagnosis
and therapy. J. NucÃ.Med., 26: 538-545, 1985.

10. Abdel-Nabi, H. H., Schwartz, A. N., Higano, C. S., Wechter, D. G., and
Unger, M. W. Colorectal carcinoma: detection with indium-Ill anticarci-
noembryonic-antigen monoclonal antibody ZCE-025. Radiology. 164: 617-
621, 1987.

11. Chatal, J. F., Fumoleau, P., Saccavini, J. C., Thedrez, P., Curtet, C., Bianco-
Arco, A., Chetanneau, A., Peltier, P., Kremer, M., and Guillard, Y. Inumi
noscintigraphy of recurrences of gynecologic carcinomas. J. NucÃ.Med., 28:
1807-1819, 1987.

12. Kalofonos, H. P., Pawlikowska, T. R., Hemingway, N., Courtenay-Luck, N.,
Dhokia. B., Snook, D.. Sivolapenko, G. B.. Hooker, G. R., McKenzie, C.
G., Lavender, P. J., Thomas, D. G. T., and Epenetos, A. A. Antibody guided
diagnosis and therapy of brain gliomas using radiolabeled monoclonal anti
bodies against epidermal growth factor receptor and placenta! alkaline phos-
phatase. J. NucÃ.Med., 30: 1636-1645, 1989.

13. Siciliano, M. J., Barker, P. E.. and Cailleau, R. Mutually exclusive genetic
signatures of human breast tumor cell lines with a common chromosomal
marker. Cancer Res., 39: 919-922, 1979.

14. Engel, L. W., Young, N. A., Tralka, T. S., Lippman, M. E., O'Brien, S. J.,

and Joyce, M. J. Establishment and characterization of three new continuous
cell lines derived from human breast carcinomas. Cancer Res., 38: 3352-
3364, 1978.

993

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/990/2446475/cr0510030990.pdf by guest on 19 M

ay 2023



IMMUNOSCINTIGRAPHY OF c-erbB-2 PROTOONCOGENE PRODUCT

15. Moloyama, T.. Hojo, H., and Suzuki, T. Evaluation of the regrowth assay 28.
method as an in ritro drug sensitivity test and its application to cultured
human gastric cancer cell lines. Acta Med. Biol., 27:49-63, 1979.

16. Uisa, S., Nakamura, K.. Numata, K., Nishii, K.. Kimura, I., Moriva, K.,
Jamura, T., and Tsubota, T. Studies on the application of monoclonal
antibodies for the diagnosis of lung cancer subclasses (abstract). Lung Cancer. 29.
.2*624. 1984.

17. Nishikiori. M., Hansen. H.. Jhanwar, S., Fried. ]., Sordill. P.. Koziner, B..
Lloyd, K.. and Clarkson. B. Establishment of near-tetrapoid B-cell lymphoma 30.
line with duplication of the 8:14 translocation. Cancer Genet. Cytogenet.,
12: 39-50. 1984.

18. Hunter, W. N., and Greenwood, F. C. Preparation of iodine-131 labeled
human growth hormone of high specific activity. Nature (Lond.). 194: 495-
496, 1962. 31.

19. Sakahara, H., Endo, K.. Nakashima, T.. Koizumi, M., Ohta, H.. Torizuka,
K., Furukawa. T.. Ohmomo, Y., Yokoyama, A., Okada, K., Yoshida, O., and
Nishi, S. Effect of DTPA conjugation on the antigen binding activity and 32.
biodistribution of monoclonal antibodies against alpha-fetoprotein. J. NucÃ.
Med., 26: 750-755. 1985.

20. Scatchard. G. The attraction of proteins for small molecules and ions. Ann.
NY Acad. Sci., 51:660-672. 1949.

21. Lindmo, T.. Boven, E., Cuttitta, F., Fedorko, J., and Bunn, P. A., Jr. 33.
Determination of the immunoreactive fraction of radiolabeled monoclonal
antibody by linear extrapolation to binding at infinite antigen excess. J.
Immunol. Methods, 72: 77-89. 1984.

22. Hudziak. R. M.. Schlessinger, J., and Ullrich. A. Increased expression of the
putative growth factor receptor p 185""" causes transformation and tumori- 34.
genesis of NIH 3T3 cells. Proc. Nati. Acad. Sci. USA, 84: 7159-7163, 1987.

23. Muller. W. J.. Sinn, E.. Pattengale. P. K., Wallace, R., and Leder, P. Single-
step induction of mammary adenocarcinoma in transgenic mice bearing the 35.
activated c-neu oncogene. Cell, 54:105-115, 1988.

24. Natali, P. G.. Nicotra, M. R.. Bigotti, A., Venturo, I., Slamon, D. J.. Fendly,
B. M., and Ullrich. A. Expression of the pl85 encoded by HER2 oncogene
in normal and transformed human tissues. Int. J. Cancer, 45:457-461, 1990. 36.

25. Mori, S., Akiyama. T., Morishita, Y., Shimizu. S., Sakai, K., Sudoh, K.,
Toyoshima, K., and Yamamoto. T. Light and electron microscopical dem- 37.
inisi nu ion ofc-erbB-2 gene product-like immunoreactivity in human malig
nant tumors. Virchows Arch. B, 54: 8-15. 1987. 38.

26. Venter, D. J., Tuzi, N. L., Kumar, S., and Gullick, W. J. Overexpression of
the c-erbB-2 oncoprotein in human breast carcinomas: immunohistological
assessment correlates with gene amplification. Lancet. 2:69-72, 1987.

27. Murray. J. L., Rosenblum. M. G., Sobol, R. E.. Bartholomew, R. M.. Plager,
C. E., Haynie, T. P., Jahns, M. F., Glenn, H. J., Lamki, L., Benjamin. R. 39.
S., Papadopoulos, N., Boddie, A. W., Frincke, J. M., David, G. S., Carlo, D.
J., and I Irish, E. M. Radioimmunoimaging in malignant melanoma with
'"In-labeled monoclonal antibody 96.5. Cancer Res., 45: 2376-2381. 1985.

Sakahara, H.. Endo, K., Nakashima. T., Koizumi, M., Kunimatsu, M.,
Kawamura, Y.. Ohta, H., Nakamura, T.. Tanaka. H., Kotoura. Y., Yama-
muro. T., Hosoi, S., Toyama, S., and Torizuka, K. Localization of human
osteogenic sarcoma xenografts in nude mice by a monoclonal antibody labeled
with radioiodine and indium-111. J. NucÃ.Med., 28: 342-348, 1987.
Drebin. J. A., Link, V. C., Stern, D. F., Weinberg, R. A., and Greene, M. I.
Down-modulation of an oncogene protein product and reversion of the
transformed phenotype by monoclonal antibodies. Cell, 41: 695-706, 1985.
Carrasquillo, J. A., Mulshine, J. L., Bunn, P. A., Jr., Reynolds, J. C., Foon,
K. A., Schroff, R. W., Perentesis, P., Steis, R. G., Keenan, A. M., Horowitz,
M., and Larson. S. M. Indium I 11 T101 monoclonal antibody is superior to
iodine-131 T101 in imaging of cutaneous T-cell lymphoma. J. NucÃ.Med.,
28: 281-287, 1987.
Van de Vijver, M. J.. Mooi, W. J.. Wisman. P.. Peterse, J. L., and Nusse,
R. Immunohistochemical detection of the neu protein in tissue sections of
human breast tumors with amplified neu DNA. Oncogene, 2:175-178,1988.
Libermann, T. A., Nusbaum. H. R., RazÃ³n,N., Kris, R., Lax, I., Soreq, H.,
Whittle, N., Waterfield. M. D., Ullrich, A., and Schlessinger, J. Amplifica
tion, enhanced expression, and possible rearrangement of EGF receptor gene
in primary human brain tumors of glial origin. Nature (Lond.), 313: 144-
147, 1985.
Yamamoto, T., Kamata, N., Kawano, H., Shimizu, S., Kuroki, T., Toyosh
ima, K., Rikimaru, K., Nomura, N.. Ishizaki, R., Pastan, I., Gamou, S., and
Shimizu, N. High incidence of amplification of the epidermal growth factor
receptor gene in human squamous carcinoma cell lines. Cancer Res.. 46:
414-416. 1986.
Yokota, J., Yamamoto, T., Toyoshima, K.. Terada, M.. Sugimura, T.,
Battifora, H., and Cline, M. J. Amplification ofc-erbB-2 oncogene in human
adenocarcinomas in vivo. Lancet, /: 765-767, 1986.
Gooi, H. C, Picard, J. K., Hounsell, E. F.. Gregoriou. M.. Rees. A. R., and
Feizi, T. Monoclonal antibody (EGR/G49) reactive with the epidermal
growth factor receptor of A431 cells recognizes the blood group ALe" and
ALe' structures. Mol. Immunol., 22:689-693, 1985.
Chinol, M., and Hnatowich, D. J. Generator-produced yttrium-90 for ra-
dioimmunotherapy. J. NucÃ.Med., 2Â«:1465-1470, 1987.
Hnatowich. D. J., Virzi, F.. and Doherty, P. W. DTPA-coupled antibodies
labeled with yttrium-90. J. NucÃ.Med., 26: 503-509, 1985.
Esteban, J. M., Schlom, J.. Gansow, O. A., Atcher. R. W., Brechbiel, M. W.,
Simpson, D. E., and Colcher, D. New method for the chclation of indium
111 to monoclonal antibodies: biodistribution and imaging of athymic mice
bearing human colon carcinoma xenografts. J. NucÃ.Med., 28: 861-870,
1987.
Deshpande, S. V.. DeNardo, S. J.. Kukis, D. L., Moi, M. K., McCall, M. J.,
DeNardo, G. L., and Meares, C. F. Yttrium-90-labeled monoclonal antibody
for therapy: labeling with a new macrocyclic bifunctional chelating agent. J.
NucÃ.Med., 31: 473-479, 1990.

994

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/990/2446475/cr0510030990.pdf by guest on 19 M

ay 2023




