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Detection of Altered Adhesion Molecule Expression in Experimental Tumors by a

Radiolabeled Monoclonal Antibody
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Adhesion molecules play a major role in the processes of invasion and metastasis of malignant tamors.
Their expression within tumors has been reported to be quantitatively and qualitatively altered
according to the invasiveness and metastatic potential of the tumor, The present study tested whether
the intratumoral expression of integrin a3 can be detected by a radiolabeled monoclonal antibody.
The in vitre binding study with four different human cancer cells showed that radiciodinated GA17
antibody recognizing integrin &3 bound specifically to these cells to varying degrees, according to the
antigen density on each cell. The biodistribution study with '*I- and "'In-labeled antibodies showed
specific localization of radiolabeled GA17 to the xenografts. However, the in vivo tumor localization
was not proportional to the antigen density calculated in vitro, and antibody metabolism varied among
the tmmors, as was also confirmed by irn vifro radionuclide retention assay. The intratumoral dis-
tribution of radicactivities varied reflecting the antigen expression within the tumor. These results
indicate that 1) integrin a3 was expressed in various kinds of tumors and could be localized by the
radiolabeled antibody, and 2) the expression of integrin @3 and the metabolism of the radiolabeled
antibody after binding to the antigen within the tumor were variable among the tumors, which affected
the radionuclide distribution characteristics. The expression of adhesion molecules within these
tumeors was noninvasively detected by a radiolabeled antibody. It may be possible to use integrin ¢3,
when it is overexpressed, as a target of therapy with antibodies radiolabeled with & or 8 emitters.
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Despite advances in cancer therapy, local invasion and
distant metastasis continue to be dificult to cure and are
often fatal."? Cancer invasion and metastasis are multi-
step phenomena involving neoangiogenesis, and complex
interactions between cancer cells and the extracellular
matrix, vascular endothelium, and the secondary target
site.”™ Recent investigations indicate that adhesion mol-
ecules play 2 major role in these interactions and are
critical factors in invasion and metastasis.*” Immuno-
histochemical studies of surgical specimens have shown
that the intratumoral expression of adhesion molecules is
qualitatively and quantitatively altered according to the
malignant potential, invasiveness, and metastatic ability
of the cancer.* It is therefore of clinical importance to
determine the intratumoral expression of various adhe-
sion molecules related to tumor invasion and metastasis.
This may be possible by biopsy before surgery, and/or by
exploration of the surgical specimen after surgery.
Biopsy specimens, however, are sometimes not informa-
tive or may give false results. A noninvagive evaluation of

The abbreviations used are: DTPA, diethylenetriaminepenta-
acetic acid; PBS, phosphate-buffered saline; TCA, trichloroace-
tic acid; mAb, monoclonal antibody; FCS, fetal calf serum.

Adhesion molecule — Integrin &3 — Monocloral antibody — Radicimmunodetection

the expression of adhesion molecules at the beginning of
therapy may provide useful information about the in-
vasiveness and metastatic potential of the tumor, con-
tributing to the choice of the appropriate therapeutic
modality.

Integrin o3 forms a heterodimer with integrin 81 to
construct a receptor for collagen, fibronectin, and
laminin called VLA-3.1>19 It is reported that VLA-3 is
expressed in a limited number of normal tissues, but is
almost always expressed in plastic-adherent tumor cell
lines.> 729 In the present study, we tested whether the
intratumoral expression of integrin a3, which is related
to the progression of malignant melanoma,>'? can be
noninvasively detected by means of a radiolabeled mADb.

MATERIALS AND METHODS

Human cancer cell lines The human glioblastoma cell
line US7MG, the human colon adenocarcinoma cell line
L3180 (both obtained from American Type Culture Col-
lection, Rockville, MD), and the human squamous cell
carcinoma cell line AOI (kindly supplied by Dr. M.
Akiyama, Radiation Research Foundation, Hiroshima)
were grown in RPMI1640 medium (Nissui Pharmacen-
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tical Co., Tokyo) supplemented with 109 fetal calf serum
(Gibco Laborateries, Grand Island, NY) and 0.03%
L-glutamine. The human malignant melanoma cell line
MeWo (kindly supplied by the Japanese Cancer Re-
search Resources Bank, Tokyo) was grown in Eagle’s
minimal essential medium (Nissui) also supplemented
with 10% fetal calf serum and 0.03% L-glutamine.

mAbs and radiolabeling The murine IgG; mAb GAL17
was originally produced as a glioma-specific antibody by
immunizing mice with human gliosarcoma cells,” but
later turned out to be specific for human integrin «3; this
was proved by amino acid sequence analysis of the
affinity-purified protein and also by the reactivity of the
immunoprecipitated protein with polyclonal anti-integrin
23 antibody (unpublished observation). The murine
IgG, mAb 56C, reactive with human chorionic gonado-
tropin, was used as an isotype-matched control antibody.

Both antibodies were radioiodinated using the chlora-
mine-T method.”® Purified antibodies (50 ug) in 0.3 M
phosphate buffer, pH 7.5, and "I (11.1 MBq) for protein
labeling (DuPont/NEN, Wilmington, DE) were mixed
with 2.5 pyg of chloramine-T (Nakalai Tesque, Inc.,
Kyoto). After 5 min of reaction, radiolabeled antibodies
were separated from free iodine through PD-10 gel chro-
matography (Pharmacia LKB Biotechnology, Uppsala,
Sweden). The specific activities of **I-labeled antibodies
ranged from 101 to 159 MBg/mg for GA17 and from
115 to 152 MBg/mg for 56C.

The two antibodies were labeled with "In using
DTPA as a bifunctional chelating agent.*® Antibody
solution in 0.1 M NaHCO; was mixed with cyclic DTPA
anhydride at a DTPA: antibody molar ratio of 3 to 5 for
1 h at room temperature, and then unconjugated DTPA
was separated by PD-10 gel chromatography using 0.2 M
citrate buffer as an eluent. DTPA-conjugated antibody
was mixed with "In-chloride and allowed to stand for 1
h at room temperature. The mixture was then subjected
to PD-10 gel chromatography, and free "'In was re-
moved. The labeling efficiency ranged from 70 to 90%
for both antibodies. The conjugation ratios of DTPA to
GA17 and 56C, estimated as previously described,® were
1.68 and 0.86, respectively. Radioiodinated and '''In-
labeled antibodies were analyzed by size exclusion high-
performance liquid chromatography on a TSKG3000SW
column (Tosoh Co., Tokyo). More than 90% of the
radioactivity was associated with the IgG fraction. High-
molecular weight species, indicating the presence of ag-
gregates, were negligible. Immunoreactivities of radio-
labeled GA17 were measured according to the method of
Lindmo et al.*® and were more than 809% for both '*°I-
and !"In-labeled GA17.

In vitro binding studies '**I-labeled antibodies (60,000
cpm/100 i1) were incubated with increasing concentra-
tions of various cancer cells (1 X 10° to 5X10°) in 5.7- X
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46-mm microcentrifuge tubes for 1 h at 4°C. After
centrifugation at 10,000g, the supernatant was aspirated
and the tubes were cut. The radioactivity bound to cells
was counted in an auto-well y-counter. Specific binding
was determined by subtracting the binding of '*I-labeled
56C from that of '“I-labeled GA17 at the same cell
conceniration. To calculate the binding affinity constants
and antigen densities on cells using a Scatchard plot
analysis,® '"*I-labeled GA17 and increasing amounts of
unlabeled GA17 were incubated with 1 to 2X10° cul-
tured cells for 1 h at 4°C, and the radioactivity bound to
the cells was counted.

Radionuclide retention assay To examine the fate of
radiolabeled antibody after binding, radionuclide reten-
tion assay was done according to the method of Naruki et
al.®® Forty million cancer cells were incubated with 0.5
tg of *I-labeled GA17 in 1 ml of RPMI1640 medium
with 10% FCS for 1 h at room temperature. After
washing, unbound radioactivity was removed and cells
were resuspended in individual tubes at a concentration
of 2xX10°% cells/ 1 ml of RPMI1640 with 10% FCS.
Tubes were incubated at 4°C or 37°C. The cells were
separated from the supernatant by centrifugation imme-
diately prior to incubation or after 1, 3, 6, or 20 h of
incubation. The cell pellets were washed with cold PBS
and the pellets were counted for radioactivity. Superna-
tants were mixed with 1 ml of 109 trichloroacetic acid
and divided into TCA-precipitable and TCA-nonprecipi-
table fractions. Both fractions were also counted along
with the cell pellets. Data were expressed as a percentage
of the radiocactivity in each fraction.

In vivo biodistribution study Four to 6 million cultured
cancer cells were subcutaneously injected into the left
flank of female BALB/c nude mice. After 2 to 4 weeks,
depending on the cell lines, tumors of about 500-mg
weight were formed. Established tumor xenografts were
maintained by serial subcutaneocus inoculations of tumor
pieces.

First, tumor-bearing nude mice were given injections
into the tail vein of 37 kBq of "*I-labeled GA17 or 56C.
The protein dose was adjusted to 10 ug per mouse by the
addition of corresponding unlabeled antibody. At 48 h
after injection, groups of mice were killed by ether inha-
lation, organs were removed and weighed, and the radio-
activity was counted. Data were expressed both as per-
centages of injected dose per gram of tissue normalized
to a 20-g mouse and as tumor-to-normal tissue ratios.
Localization indices were also obtained, which were
derived from the tumor-to-blood ratios of the specific
antibody divided by those of the control antibedy,

The second experiment was done using both radio-
iodinated and ""In-labeled antibodies. Nude mice bear-
ing tumor xenografts were injected intravenously with
both '"*I- and ""'In-labeled GA17 or 56C (37 kBq of '’



and '""In with the protein dose of 10 g). Groups of mice
were killed 48 h later and the biodistributions of '*I- and
In-1abeled antibodies were determined as in the first
experiment.

All animal experiments were carried out in accordance
with the Japanese regulations regarding animal care and
handling. Statistical analysis of the data was done by
using Student’s ¢ test or Welch’s test.

Autoradiography The spatial distribution of radioactivi-
ties within the tumor was determined by in vivo auto-
radiography. Nude mice bearing human cancer xeno-
grafts received an injection into the tail vein of either I
or "'In-labeled GA17 (370 kBq/10 rg). Two days later,
mice were killed and the tumors were excised and quickly
frozen in Tissue-Tek OCT compound (Miles Inc.,
Elkhart, IN). Serial 10-#m sections were cut from the
frozen tissue using a cryomicrotome, and dried well.
Sections were placed in a light-tight cassette in direct
contact with X-OMAT AR film (Eastman Kodak,
Rochester, NY). After 3 to 7 days of exposure, depend-
ing on the estimated tumor uptake, the film was pro-
cessed through an automatic developer. The same or
contiguous sections were stained with hematoxylin
{Sigma Diagnostics, St. Louis, MO) and eosin (Sigma
Diagnostics) for histological reference.
Immunohistochemical staining The expression of in-
tegrin @3 in xenografted tumors was immunohistochem-
ically investigated using biotinylated GA17. Briefly, sec-
tions were fixed with acetone, and incubated with block-
ing serum, then with biotinylated GA17 (20 #g/ml) for 1
h at room temperature. They were washed in PBS and
incubated with horseradish peroxidase-conjugated strept-
avidin (Dako Japan, Kyoto). Finally, color was devel-
oped by incubation with diaminobenzidine and sections
were counterstained with hematoxylin. ‘

RESULTS

In vitro binding properties The in vitro binding study
showed that '*I-labeled GA17 specifically bound to all
four of the human cancer cell lines used (Fig. 1). How-
ever, the binding properties varied among the cell lines;
the highest binding was seen with U87MG and AOI, and
the binding was intermediate with LS180 and low with
MeWo. The Scatchard plot analysis showed that the
binding affinities did not vary much, ranging from 1.09 to
1.62 X 10°* M, However, a marked difference was seen
among the antigen densities. The antigen density of
U87MG, which showed high in vitre binding, was 17.4
times higher than that of MeWo, which showed the
lowest binding (Table I).

Comparison of radionuclide retention Results of the
radionuclide retention assay for U87MG and LS180 cells
are summarized in Fig. 2. At 37°C, US87MG showed

Radioimmunolocalization of Integrin a3
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Fig. 1. Cell binding curves of '®I-labeled GA17. '¥I-labeled

GA17 was incubated with increasing concentrations of
human cancer cells. &, L8180; O, ACI;, e, US7TMG; W,
MeWo; for 1 h at 4°C. After centrifugation, cell-bound radioac-
tivity was counted. The nonspecific binding of '®I-labeled
56C was subtracted from the binding of **I-labeled GA17.

Table [. Affinity Constants and Binding Sites per Cell
Ka Binding sites
(% 108) (% 105)
URTMG 1.20 8.01
AOQI 1.62 6.55
15180 1.24 1.04
MeWo 1.09 0.46

active release of radioactivity from the cells with a grad-
ual increase of TCA-nonprecipitable radioactivity (prob-
ably free iodine), while at 4°C, no significant change in
any fraction was observed. L8180 cells, when compared
with U87MG cells, showed a very slow release of radio-
activity from the cells at 37°C and 87% of the radioactiv-
ity was cell-associated even after 20 h of incubation.

Biodistribution of 'I-labeled antibodies The biodistri-
bution data of '**I-labeled antibodies in nude mice bear-
ing human cancer xenografts are summarized in Table II.
The **I-labeled GA17 was cleared faster than '*I-labeled
56C from the blood and normal organs. In contrast, the
uptake of '*I-labeled GA17 by tumors other than the
AOI xenograft was higher than that of '*I-labeled 56C
(11.1% vs. 9.0% in URTMG, 17.8% vs. 5.89% in L8180,
and 6.48% vs. 2.749% in MeWo; statistically significant in
the latter two tumors). As a resuit, GA17 showed higher
tumor-to-normal tissue ratios than did 56C, and the
localization indices ranged from 2.0 to 4.4. In the nude
mice bearing the AOI xenograft, however, the difference
of biodistribution between '*L.labeled GA17 and 56C
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Fig. 2. Comparison of radionuclide retention in US7MG (A) and LS180 (B) cells at 37°C (O [ &) and 4°C (@ ® A)
O @, cell-related radioactivity; O M, TCA-precipitable radioactivity; & a, TCA-nonprecipitable radicactivity.

was marginal; the tumor-to-normal tissue ratios were not
significantly higher with GA17 than with 56C and the
localization index was only 1.24,

Comparison of I- and "In-labeled antibodies When
"'n-labeled GA17 and *I-labeled GA17 were coin-
jected into the same nude mice, these two radiolabels
showed different patterns of biodistribution, as shown in
Table III. In all tumor-bearing mice, '*!In-labeled GA17
showed increased retention in the liver, kidney, and bone.
This was also true for radiolabeled 56C (data not shown)
and the above biodistribution properties are common for
antibodies labeled with '''In by using DTPA as a bifunc-
tional chelate, irrespective of antigen specificity.’” In
addition to this finding, the most striking difference was
the significantly increased tumor uptake of ''In-labeled
GAI17 seen in the three tumors other than LS180. In
nude nice bearing US7TMG, MeWo, and AOI xenografis,
the tumor uptake of '''In-labeled GA17 was 2.28, 2.42,
and 1.98 times higher than that of '*I-labeled GA17. The
tumor-to-blood ratios were significantly higher with '''In-
labeled GA17 than with '*I-labeled GA17 (5.41 vs. 1.59
in U87MG, 3.27 vs. 1.02 in MeWo, 1.58 vs. 0.54 in AOI).
In contrast, the tumor uptakes of '"'In- and '*’I-labeled
GA17 were almost identical in nude mice bearing L5180
xenografts.

Spatial distribution of radiolabeled GA17 within the
tumor The intratumoral spatial distributions of '’I- and
Wn-labeled GA.17 were investigated by means of in vivo
autoradiography. As shown in Fig. 3, the distribution of

1174

T within the tumor varied among the four human
cancer xenografts. In the US87MG xenografts, the distri-
bution of radioactivity was fairly homogeneous except in
the areas of necrosis and cystic degeneration, confirmed
by hematoxylin and eosin staining of the same section. In
the remaining three types of tumors, the radioactivity
distributions were quite heterogeneous, even within the
viable portion of the tumors. This pattern of intratu-
moral distribution of the radiolabel was not affected by
replacing '*'I with ""'In as a radiolabel (data not shown).
Antigen expression within the tumor Fig. 4 illustrates the
in vivo expression of integrin @3 within the tumor xeno-
grafts detected by biotinylated GA17. Just as in the
distribution pattern revealed by autoradiography (Fig.
3), US7MG showed diffuse and homogeneous antigen
expression, whereas the remaining three tumors showed
marked heterogeneity in antigen expression; LS180
showed scattered nests of antigen-positive cells, MeWo
also showed heterogeneously distributed, weakly antigen-
positive areas, and AOI showed a rather diffuse pattern
of antigen expression, but was quite heterogeneous in
intensity.

DISCUSSION

Recent progress in basic and clinical oncology has
shown that adhesion molecules play a major role in the
progression of cancer, especially in the processes of inva-
sion and metastasis.” Integrins form a major family of
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Table II. Biodistribution of *’IHabeled GA17 and 56C in Nude Mice Bearing Human Cancer

Xenografts 48 h after Injection of the Antibody

UTMG Ls180 MeWo AOIL
GAl7 56C GA17 56C GAl17 56C GA17 56C
%ID/gram tissue (normalized to 20-g mouse)
Blood 5.87% 9.21 9.07* 12.07 6.08%  11.22 8.40%* 11,57
(2.23) (1.05) (0.97) (1.75) (2.35) (1.30) (2.26) (0.33)
Liver 1.89 3.17 2.67 4,56 1.66™* 3.25 2.47* 4.04
(0.88) (1.23) (0.49) (2.23) (0.74) (0.45) (0.83) 0.71)
Kidney 1.99%* 3.10 271+ 4.10 1.93%* 3.52 2.46 3.27
(0.58) (0.42) (0.37) (0.68) {0.76) (0.37) (0.79) (0.22)
Lung 1.99%* 3.43 3.50% 5.08 2.50% 4.89 3.49% 5.62
{0.64) (0.53) (0.50) (1.16) (1.00) (0.91) {0.97) (0.37)
Muscle 0.73* 1.05 0.89* i.14 0.54% 0.99 0.86 1.11
(0.27) (0.08) (0.16) (0.06) (0.19) (0.03) (0.31) (0.12)
Bone 0.83 1.45 0.99* 1.95 .77 1.41 1.35 1.86
(0.33) {0.83) (0.16) (0.68) (0.28) (0.13) (0.47) (0.14)
Tumor 11.01 9.00 17.80** 5.89 ‘6.48% 2.74 473 5.32
(3.12) {1.69) (1.13) (1.55) (2.24) (0.20) (1.51) (1.52)
Tumor-to-normal tissue ratios and localization indices
T/Blood 1.94%  0.97 1.98** 0.49 1.10%* 0.25 0.57 0.46
(0.27) (0.11) (0.25) (0.10) (0.23) (0.02) (0.12) (0.12)
T/Liver 6.38% 291 6.82%* 1.42 4,16* 0.85 2.01 1.32
(1.80) (0.55) (1.17) (0.47) (L.2D) (0.07) (0.55) (0.26)
T/Kidney 5,54%* 2.89 6.64%F 1.42 3.48%F 0.78 2.02 1.62
(025)  (021)  (0.67)  (0.14)  (D.78)  (0.03)  (0.55)  (0.39)
T/Lung 5,57+ 2.61 5.14%* 1.16 2.69°%* 0.57 1.40 0.94
(0.53) (0.10) {0.55) {0.14) (0.64) (0.08) (0.45) {0.22)
T/Muscle 15.56™  B8.54 20.52%* 5.14 12.07* 2.77 5.86 4,72
(1.90) (1.54) (4.16) (1.16) (2.41) (0.25) (1.68) (0.82)
T/Bone 13.79%  6.44 18.35** 3.08 8.68 % 1.94 3.68 2.87
(2.37) (1.39) (2.49) (0.28) (2.35) (0.09) (0.99) (0.85)
LI 2.00 4.04 4.40 1.24

Mean (8D) of 4 to 6 mice.

* P<0.05 compared with 56C. %% P<0.01 compared with 56C.

T: tumor. LI: localization index.

adhesion molecules and their role in cancer progression
has been investigated. In the present investigation, we
tested whether the intratumoral expression of integrin a3
. can be detected by radiolabeled mAbs.

The murine mAb designated GAI17 was originally
developed as a human malignant glioma-specific anti-
body,?” but it later showed wide reactivity with other
cancer cells.? The present study also demonstrated that
radiolabeled GA17 specifically binds to human colon ad-
enocarcinoma, human lung squamous cell carcinoma,
and human malignant melanoma cell lines, in addition to
a human malignant glioma celi line. This wide spectrum
of reactivity is not surprising since GA17 turned out to
be an antibody against integrin 3. The binding affinity of
(GA17 to integrin a3 on the four cell lines examined in
the present study did not vary greatly, and the density of
integrin molecules on the cell was the major determinant
of their differential in vitro binding.

Qur in vive experiment showed that radiolabeled GA17
specifically localized to the tumor. However, the tumor-
localizing ability varied among the four different cancer
xenografts, and also between '*I- and '"'In-labeled
GAL17. First, in three cancer xenografts, US7MG,
MeWo, and AOI, '''In-labeled GA17 showed a markedly
increased tumor uptake when compared to '*I-labeled
GA17. This discrepant tumor uptake between '*’I- and
"p-labeled antibody strongly suggests that the anti-
body-antigen complexes formed on the cancer cell sur-
face were internalized and actively metabolized, and the
free iodine formed by dehalogenation escaped rapidly
from the cancer cells, while "In remained inside the
cells.??” This seems likely, considering the function of
integrin as a signaling molecule in cell-cell or cell-extra-
cellular interaction. The tumor uptakes of '*I- and '''In-
labeled GA17 were almost identical in the L8180 xeno-
graft, indicating that in this tumor, the metabolism of the
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Table III. Biodistribution of '*I- and !"In-labeled GA17 in Nude Mice Bearing Human Cancer

Xenografts 48 h after Injection of the Antibody

Us7TMG L5180 MeWo AOI
In-111 1-125 In-111 1-125 In-111 1-125 In-111 1-125
%ID/gram tissue (normalized to 20-g mouse)

Blood 3.47* 5.05 5.35 7.16 5.37 7.07 6.30 9.36
(0.61) (1.12) (1.52) (2.61) (1.77) (3.12) (2.30) (4.51)

Liver 9,86+ 1.60 11.01%* 1.93 10.08** 1.87 11.48%* 311
(1.34) (0.32) (1.10}% (0.92) (0.78) (1.27) (0.78) (1.82)

Kidney 20.50** 1.60 19.07% 2.11 17.21* 2.09 20.13** 2.81
(5.56) (0.46) (1.31) (0.57) (0.65) (0.77) (1.65) (1.26)

Lung 2,77 2.00 3.12 3.04 4.63 3.95 3.62 3.75
(0.24) (0.20) (0.86) {1.33) (2.46) (1.56) (0.76) (1.72)

Muscle 1.07* 0.68 0.80 0.60 0.88 0.63 1.01 0.76
{0.27) 0.27) (0.14) {0.22) (0.15) (0.27) (0.03) {0.29)

Bone 2.22%* 0.72 2,75% 0.84 2.51%* 0.84 2.70% 0.94
(0.40) (0.18) (0.39) (0.35) (0.12) {0.29) (0.54) (0.38)

Tumor 18.53% 8.14 13.62 12.95 17.07** 7.04 9.17%*F 4.64
(3.92) (4.03) (1.33) (2.09) (3.64) (2.60) (1.42) (1.66)

Tumor-to-normal tissue ratios and localization indices

T/Blood 5.41% 1.59 2.66* 1.91 3.27% 1.02 1.58** Q.54
(1.11) (0.58) {0.53) (0.38) (0.37) (0.09) (0.44) (0.13)

T/Liver 1.89* 4.89 1.25% 7.51 171+ 4.47 0.80* 1.82
(0.36) (1.55) (0.22) (2.15) (0.43) (1.47) (0.16) (0.71)

T/Kidney 0.97%* 5.11 0.71% 6.27 0.99%* 3.40 0.46** 1.75
(0.35) (1.89) (0.05) (0.74) (0.18) (0.42) (0.07) (0.34)

T/Lung 6.75% 4.07 4.54 4.61 4.38* 1.98 2.57%* 1.31
(1.61) (2.01) (0.87) (1.03) (1.68) (0.75) (0.26) (0.25)

T/Muscle 17.97 12.72 17.23* 22.83 19.40%  11.46 9.05%** 6.23
(4.91) (6.23) (1.80) (4.68) (3.41) (1.13) (1.23) (0.88)

T/Bone 8.36 10.92 4.99%  17.02 6.78 8.46 3.46* 5.15
) (1.04) (3.41) (0.54) (5.06) (1.29) (1.17) (0.62) (1.17)

L1 4.13 2.21 3.24 4,15 4.04 4.43 2.08 1.54

Mean (SD) of 5 mice.

% P<0.05 compared with I-125 labeled GA17. %% P<0.01 compared with I-125 labeled GA17.

T: tumor. LI: localization index.

antibody was not so active, which might be a refiection of
different functioning of the antigen. This heterogeneity in
antibody metabolism was also confirmed in vitro by radi-
onuclide retention assay of US7MG and LSI80 cells.
U87MG cells, which exhibited discrepant in vive tumor
localization between '*I- and "''In-labeled GA17, showed
relatively active release of radioactivity from the cells
with time when incubated at 37°C. On the other hand,
LS180 cells, which showed identical tumor localization
of ¥I- and '"'In-labeled GA17, showed inactive metabo-
lism when incubated at 37°C.

T labeled GA17 was most markedly accumulated in
the L8180 xenografts, followed by US7MG, MeWo, and
AOQI This order of tumor accumulation is different from
the order of in vitro binding at 4°C, i.e., antigen density.
This is not surprising when we consider the presence of
active antibody internalization and metabolism in the
three tumors other than LS180. However, the order of
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tumor uptake of ""In-labeled GA17 (USTMG >MeWo
>L8180 > AOI), which is known to be unaffected by the
presence of active metabolism of the antibody, was also
not proportional to in vitre binding, indicating that other
factors than the difference in antibody metabolism and
antigen density also affect the tumor localization.
Furthermore, the intratumoral distribution of radio-
labeled GA17 detected by autoradiography also sug-
gested a heterogeneous nature of these in vivo tumors. In
three of the four tumor xenografts, the distribution of
radioactivity was quite heterogeneous, while in the re-
maining glioma xenograft, it was fairly homogeneous.
Since various factors affect the intratumoral distribution
of radiolabeled antibodies™™? and the present experi-
ment was done with only one dose and at one time point,
these data are insufficient to allow a conclusion to be
reached. However, immunohistochemical staining
showed heterogencous antigen expression within the
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Fig. 3.

Spatial distribution of '**I-labeled GA17 in four tumor xenografts detected by autoradiography, A, USTMG; B, LS180;

C, MeWo; D, AOL The asterisk in A represents the necrotic and cystic area confirmed by HE staining. Original magnification

% 3.3. The bar indicates 1 mm.

three tumors that showed heterogeneous radioactivity
distribution, and fairly homogeneous antigen expression
in the remaining UR7TMG tumor. Therefore, we can at
least say that the expression of integrin a3 in vivo is par-
tially reflected in the intratumoral distribution of radio-
labeled antibody.

The present investigation showed that integrin a3,
which constructs VLA-3 with integrin 51, is widely ex-
pressed in various cancer cell lines in vitro and can be
localized in vivo by radiolabeled GA 17 antibody. The role
of VLA-3 in tumorigenesis and tumor progression has
not been fully investigated and is controversial. The
expression of VLA-3 is reported to be quantitatively and
qualitatively altered in various cancers. The progression
of malignant melanoma and some other cancers is related
to VLA-3 expression,” '%3*3 but in some other cancers,
the VLA-3 expression is downregulated.'"'*3>* In the
present study, there was a significant change in integrin
a3 expression in various cancer cell lines from in vitre to
in vivo, and the fate of a specific antibody was different
among the tumor types, probably reflecting the heteroge-

neous in vive nature of VLA-3 expression and function.
Although tumor uptake of a radiclabeled specific anti-
body was affected by factors other than antigen expres-
sion, and the exact quantitation of integrin expression
was impossible, altered intratumoral expression of VLA-
3 determined at least partially the intratumoral distribu-
tion of radiolabeled GA17. We need to consider that the
results of studies with established cell lines, which are
highly selected populations, may not be easily extra-
polated to the clinical situation, and that the expression
of adhesion molecules is a dynamic phenomenon and can
change according to the status of the cancer (early vs.
advanced stage). The present results warrant further
study in a more clinically relevant setting, such as an
orthotopic transplant model that shows local invasion
and metastasis. Another point to consider is the presence
of pnormally expressed integrin a3. For the antigen to
work as the target of radioimmunodetection and radio-
immunotherapy, the antigen expression should ideally be
localized to the tumors. In the case of integrin, which is
a functional molecule expressed in some normal tissues,

1177



Jpn. J. Cancer Res. 88, December 1997

AL AR

Fig. 4. Immunohistochemical staining of tissue sections made from four tumor xenografts. A, a, U87MG; B, b, LS180; C, ¢,
MeWo; D, d, AOI. Original magnification: A, B, C, D, X16; a, b, ¢, d, X80.

1178



the specificity ratio might be low, but the quantitative
difference (higher antigen density in cancer cells than
normal cells) and qualitative difference (loss of polarity
of antigen expression in cancer cells may make the anti-
gen in the tumor more accessible to blood-borne anti-
body) may make it a favorable target of antibody-based
imaging and therapy.

In conclusion, the tumoral integrin «3, which shows
qualitatively and quantitatively altered in vivo expression,
can be detected by radiolabeled GAl7, and when it is
overexpressed, it may be useful as a target of radiolabeled
antibody-mediated imaging and therapy. Further investi-
gation of other adhesion molecules which may be more
closely related to cancer progression and neoangiogene-
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