Radboud Repository

Radboud University Nijmegen {§

1
g

PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/25024

Please be advised that this information was generated on 2018-07-07 and may be subject to
change.


http://hdl.handle.net/2066/25024

2390

Sixth Conference on Radioimmunodetection and
Radioimmunotherapy of Cancer

Supplement to Cancer

The Effect of Antibody Protein Dose of Anti—Renal

Cell Carcinoma Monoclonal Antibodies in Nude Mice

with Renal Cell Carcinoma Xenografts

Marion H. G. C. Kranenborg, M.sc.’
Otto C. Boerman, ph.D.’

Mirjam C. A. de Weijert’
Jeannette C. Oosterwijk-WakkaZ
Frans H. M. Corstens, m.n.
Egbert Oosterwijk, ph.n.?

! Department of Nuclear Medicine, University
Hospital Nijmegen, The Netherlands.

° Department of Urology, University Hospital
Niimegen, The Netherlands.

Presented in part at the European Nuclear Medi-
cing Congress 1996, Copenhagen, Denmark,
September 14-18, 1996; the Sixth Conference
on Radioimmunodetection and Radioimmuno-
therapy of Cancer, Princeton, New Jersey, Octo-
her 10~12, 1996, and the 12th Congress of the
European Society for Urological Oncology and
Endocrinology, Essen, Germany, March 6-8,
1097,

Supported by a research grant from the Dutch
Cancer Society (Grant No. 93-539).

The authors thank Mr. P. Peelen (University of
Nijmegen, Department of Urology) and Mr. G.
Grutters and Mr. H. Eijkholt (University of Nij-
megen, Central Animal Laboratory) for technical
assistance in the animal experiments,

Address for reprints: Marion H. G. C. Kranenb-
org, M.Sc., Department of Nuclear Medicine,
University Hospital Nijmegen, P.0. Box 9101,
6500 HB Nijmegen, The Netherlands.

Received August 12, 1997, revision received
September 5, 1997.

© 1997 American Cancer Society

BACKGROUND. Antibodies preflerentially can direct radionuclides to solid tuimnors.
However, antibody uptake in tumors is often highly heterogeneous. This heteroge-
neity may be overcome by increasing antibody protein dose.

METHODS. The biodistribution of increasing protein doses of radioiodinated anti-
renal cell carcinoma (RCC) monoclonal antibodies (IMoAbs) G250 and RC 38 was
studied in mice with NU-12 or SK-RC-52 RCC xenografts. In addition, MoAb affinity
constants and antigen densities (Scatchard analysis) and MoAb processing (inter-
nalization) were determined in vitro.

RESULTS. The relative uptake of G250 in NU-12 tumors was very high at low protein
doses (125% injected dose/g [%ID/g]), but decreased at higher doses, suggesting
tumor saturation. Indeed, saturation of G250 antigen occurred at 3 ug protein. In
this model, 9200 G250 determinants per NU-12 cell could be targeted, which is
only 6.1% of the 150,000 G250 determinants per NU-12 cell as determined in vitro.
The RC 38 uptake in NU-12 tumors remained constant up to the 10 ug dose level
(40% 1I3/g) and decreased at higher doses. RC 38 antigens were saturated at 25 ug
of RC 38. With RC 38, 15% of the available RC 38 antigens per NU-12 tumor cell
were targeted. In contrast, G250 uptake in SK-RC-52 tumors was very low at low
antibody dose (4% ID/g at 1 pg) and increased with increasing protein dose. These
differences in G250 biodistribution might be related to differences in the processing
of G250 by the tumor cells.

CONCLUSIONS. Our studies show that some RCC tumors can be saturated with
anti-RCC MoAbs at low (25 ug) to very low (3 ug) protein doses. At nonsaturated
doses relatively high tumor uptake can be achieved. Surprisingly, in NU-12 fumors
only 6.1% and 15% of the available antigenic sites were targeted at the saturating
dose levels with G250 and RC 38, respectively. Cancer 1997;80:2390~7.

© 1997 American Cancer Society.

KEYWORDS: antigen saturation, protein dose escalation, monoclonal antibody, renal
cell carcinoma, radioimmunotargeting, animal studies.

onoclonal antibodies (MoAbs) against tumor-associated antigens
have been used successfully to direct radionuclides preferentially
to solid tumors.'™ However, in general intratumor antibody uptake
is highly heterogeneous and not all tumor regions are targeted ade-
quately. This heterogeneous uptake might hamper the therapeutic
applications of MoAbs. A number of parameters have been identified
that may explain this heterogeneity, e.g., heterogeneous blood supply,
high interstitial pressure, heterogeneous antigen expression, local ne-
crosis, and locally enhanced vascular permeability.’ The heteroge-
neous delivery of antibody in tumors also may be explained by anti-
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body retention as a result of the successful binding to
antigen on the tumor cell surface near blood vessels
(i.e., the hypothesized binding site barrier).”

The heterogeneous antibody delivery to tumors
may be overcome by using antibody fragments.* Yo-
kota et al. have shown that intact immunoglobulin
(Ig) G 1s concentrated in the region of or immediately
adjacent to tumor blood vessels, whereas single chain
Fv was distributed more evenly throughout the tumor
mass.” Secondly, in a mathematic model Fujimoti et
al. suggested that antibody penetration can be en-
hanced by lowering the affinity constant of the anti-
body or by increasing the antibody dose.” Autoradio-
graphic studies have shown that at higher antibody
protein dose or lower affinity, MoAbs distributed more
evenly in tumors xenografted in nude mice.”

In studies in renal cell carcinoma (RCC) patients
the uptake of the anti-RCC MoAb G250 differed dra-
matically within and between tumors.*” To assess this
variation in tumor uptake, the effects of antibody pro-
tein dose on tumor uptake in nude mice with RCC
tumors were studied.

MATERIALS AND METHODS

Antibody Preparation and Radiolabeling

The anti-RCC MoAb G250 (IgGl) is directed against
the RCC-associated antigen G250. This antigen is ex-
pressed in 75% of RCCs, whereas expression in normal
tissues is restricted to gastric mucosal cells and cells
of the larger bile ducts.'” The G250 antigen is homolo-
gous with the MN antigen, a recently cloned human
tumor-associated protein.'' The anti-RCC MoAb RC
38 (IgG1) is directed against human aminopeptidase-
A. This antigen is expressed in 95% of RCCs and in
60% of metastatic RCC lesions. The RC 38 antigen is
expressed In adult kidney and in several other normal
tissues.”* The anticarcinoembryonic antigen MoAb
MN-14 (IgG1l), which is not reactive with RCC, was
used as a control antibody.'

Antibodies were radioiodinated with iodine-125
(**) (Amersham International, Buckinghamshire,
United Kingdom) or *'I (Nordion Europe, Fleurus,
Belgium) using the iodogen method.! In all prepara-
tions >95% of the radioactivity was associated with
the antibodies as determined by instant thin-layer
chromatography.

The immunoreactive fraction of '*°I-G250, *'1-RC
38, and ®'[-MN-14 essentially was determined as de-
scribed by Lindmo et al. using SK-RC-52 RCC cells,
NU-12 RCC cells, and LS180 colon carcinoma cells,
respectively,’® The immunoreactive fraction of '#°]-
(250 was =85%, the immunoreactive fraction of #'I-

RC 38 was =70%, and the immunoreactive fraction of
“-MN-14 was =95%.

RCC Xenografts and Cell Lines

The NU-12 RCC xenograft was established from a pri-
mary tumor by serial subcutaneous (S.C.) transplanta-
tion in nude mice.'® From this established tumor NU-
12 also was propagated in vitro. The RCC cell line SK-
RC-52 was derived from a mediastinal metastasis of a
primary RCC."’

Biodistribution Studies

RCC tumors were initiated in 6-week-old BALB/c nu/
nu mice. NU-12 was transplanted serially by im-
planting viable tumor specimens (1-2 mm?®) sc in the
flank of the mice. SK-RC-52 cells were trypsinized,
washed in saline, and 2 x 10° cells were injected sc
into the flank of the mice. Experiments began when
tumors weighed 0.02~0.5 g. Each group contained 3~
5 mice. To study the biodistribution at different anti-
body protein doses (0.3, 1, 3, 10, 30, or 100 pg/animal),
Increasing amounts of unlabeled antibody were added
to the radioiodinated antibody preparation. '*°I-G250
and P'I-MN-14 or "°I-G250 and *'I-RC 38 were coin-
jected intravenously and after 3 days the biodistribu-
tion of the radiolabeled antibodies was determined.
The amount of activity in the whole tumor and tissues
(blood, muscle, liver, kidney, and spleen) was detei-
mined by gamma counting together with an injection
standard. The percentage of injected dose per g (%ID/
g), the absolute amount of antibody bound per g of
tumor, and the tumor-to-blood ratios were calculated.
Statistical analysis was performed using one-way anal-
ysis of variance, with Bonferroni posttest correction
for multiple comparisons.

Scatchard Analysis

The affinity constant for the G250 antigen and the
number of binding sites per NU-12 or SK-RC-52 cell
were determined by Scatchard analysis on single cell
suspensions of cultured cell lines.'® In addition,
Scatchard analysis was performed for the MoAb RC 38
on NU-12 cells.

Immunohistochemistry

RCC tumors were snap frozen in isopentane, Cryostat
sections (4 um) were fixed for 10 minutes in acetone,
G250 antigen expression was determined using
mouse/human chimeric MoAb G250 (a gift from Dr.
S. 0. Warnaar, Centocor BV, Leiden, The Netherlands)
followed by rabbit antihuman Fc-peroxidase (DAKO
A/S, Glostrup, Denmark). RC 38 antigen expression
was determined using the MoAb RC 38 and rabbit
antimouse-peroxidase (DAKO A/S) sequentially. Per-
oxidase activity was revealed using 3-3'-diaminoben-
zidine/0.03% hydrogen peroxide (Fluka Chemie,
Bornem, Belgium).
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Retention and Processing of G250 In Vitro

The internalization and degradation rate of '**I-G250
by NU-12 and SK-RC-52 cells was measured in vitro
essentially as described by Kyriakos et al.’® Briefly,
confluent NU-12 or SK-RC-52 cells were incubated for
2 hours at 37 °C with 7.5 or 3.8 ng of **1-G250 in 200
ul tissue culture medium, respectively. To determine
nonspecific binding, a large excess unlabeled G250
was added to control wells. After washing to remove
unbound '*’I-G250, the cells were cultured from 0 to 24
hours in 200-uL culture medium at 37 °C. Supernatant
fluids were collected at various timepoints and trichlo-
roacetic acid- (T'CA)-precipitable (large fragments of
(250 or intact G250) and non-TCA-precipitable (intet-
nalized and subsequently processed G250) activity was
determined. The cells were washed twice and collected
by solubilization with 2 M NaOH. Solubilized cells,
TCA-precipited culture medium, and TCA supernatant
fluid were counted in a shielded well-type gamma
counter.

RESULTS

Biodistribution of '**I-G250 in Mice with NU-12 Tumors
The effect of increasing G250 antibody protein dose
on tumor uptake and tumor-to-blood ratios was deter-
mined in nude mice with a NU-12 tumor. MN-14 was
used as a control antibody. Injection of 0.3 or 1 ug of
the MoAb G250 resulted in very high *’I-G250 tumor
uptake (approximately 125%ID/g) (Fig. 1A). However,
at higher protein doses the tumor uptake gradually
decreased and was significantly lower compared with
the uptake at the 0.3- and 1-ug dose levels, suggesting
antigen saturation in the tumor. The uptake of ™'1-
MN-14 in the tumors was similar at each dose level
investigated (2.79 = 0.67 %ID/g). The tumor uptake of
91-G250 was significantly higher than '*I-MN-14 at
each dose level, indicating specific G250 tumor uptake.
The amount of *°I-G250 in the blood at the 0.3-ug
injected dose was significantly lower compared with
10 and 30 pg of G250 (Table 1). The amount of '*°I-
G250 in the muscle, liver, spleen, and kidney was not
influenced by the G250 antibody dose (Table 1). Tu-
mor-to-blood ratios >10 were obtained only at the
0.3- and 1-ug dose levels. At higher protein dose levels
the tumor-to-blood ratios were significantly lower
compared with those at the 0.3- and 1-ug dose levels
(Table 1).

The absolute amount of specifically accumulated
G250 at the tumor site was calculated at every dose
level (Fig. 2A). The specific tumor uptake was defined
as the amount of G250 (ug) that accumulated per g of
tumor at a particular protein dose, minus the amount
of irrelevant MN-14 antibody present in the tumor at
that protein dose. A linear increase of the absolute
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FIGURE 1. Tumor uptake of (A) iodine-125 (*%51)-G250 in NU-12 and
SK-RC-52 tumars and tumor uptake of (B) "™1-RC 38 in NU-12 tumors
at protein doses varying from 0.3—100 pg/mouse. Error bars represent
standard deviation (n = 3-25). ID/g: percent injected dose per g.

amount G250 targeted to the tumor was observed up
to 3 ug of G250, after which point a plateau was
reached. Thus, tumor saturation was achieved at 3-ug
doses of the MoAb G250, because absolute amounts
of G250 accumulating specifically in the tumor did not
increase at higher dose levels. Approximately 2.3 ug
of G250 can be targeted per g of NU-12 tumor at the
saturating antibody dose level.

Biodistribution of *'[-RC 38 in NU-12 Xenografts

To determine whether the G250 antigen saturation at
a relatively low protein dose level in NU-12 tumors
was an antibody specific phenomenon, the biodistri-
bution of the RC 38 MoAb was determined in the NU-
12 model at various protein doses. Uptake of **!I-RC
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TABLE 1

Biadistribution of G250 and RC 38 Anti-RCC Antibodies at Different Protein Doses in Different RCC Tumor Models

Uptake (%ID/g) and TBR for different protein doses

MoAb/Tumor Organ 0.3 ug 1 pg
LHINU-12 Blood 0.36 = 1,07 11.73 + 1.44
Muscle 0.95 = 0,32 1.09 = 0.17
Tumor 123,92 + 20.00 131.57 = 14.39
Liver 3.07 = 0.29 4,33 + (.32
Kidneys 2.79 + (.58 3.65 + 0,39
Spleen 2,32 + 0.29 2.87 + (.62
TBR 13.19 % 0.66 11,86 + 2,63
RL 3BINU-12 Blood 9.74 = 2.29
Muscle 070 =017
Tumor 44,42 +14.79
Liver 2.43 = (.68
Kidneys 252 + (.48
Spleen 2,36 + 094
TER 3.96 = 2.24
250/ 5K-RC-52 Blood 0.39 + 0,17
Muscle 0,08 + 0,02
Tumor 3.57 £ 2,05
Liver 0.46 + 0.28
Kidneys 0.26 + 0.04
Spleen 0.18 = 0.01
TBR 1129 £ 9.14

3 jug 10 pg 30 pg 100 pg
1257 £ 1.9 13.33 + 0,88 13.36 + 0.49

1.49 + 0.48 0.86 + 0,050 0.86 = 0.12

76.84 + 23,84 25.86 + 0,65 9,21 + 0,60

4.68 * 0.98 4.71 + 0.79 4.46 *+ 041

4.01 + 0.58 4,08 + 0,65 3.90 + 0.21

3.46 = 0,74 3.21 + (.38 3.40 * 0.46

6.25 = 1.07 1.95 + 0.15 0.69 + 0.03

8,63 + 0.78 10,58 + 2.00 9.36 + 1.33 1114 + 1,74
0,72 + 0.064 0,80 + 0,13 0.68 + 0.078 0.82 * 0.23
50,30 + 9.14 33.67 * 4,64 22.27 + 2.09 11.91 + 2.85
2,58 + 0.81 3,13 + 0,51 3.07 £ 0.75 3.43 + 0.39
2.13 * 0.30 3,09 + (.42 2.86 + 0,42 3,25 * (.40
2,20 + 0.78 230 + 0.4 2,06 0,69 2,61 * .35
591 + 1,59 3.32 + .94 243 + (.55 107 + 0.18
1.42 +0.38 2,61 + 2.49 503 + 116 8.21 * 0.68
0.40 = 0.16 0,32 + (.23 0.93 + 0.69 0.60 * 0,12
6.08 * 1.39 7.84 * 6.93 7.23 + 0.23 10.79 + 1.67
161 + 0.16 1.76 + 1,51 1.83 = 0.34 3.26 + 0.53
0,54 + 0.09 092 + (.76 1.70 + 0.47 282 * 0.28
0.42 * (.02 0.75 + 0.65 1.10 * 0,34 1,65 =+ 0.06
4,56 + 1,78 8.86 + 11.10 149 * 0.35 1.92 + 0.2

RLC: renal cell carcinoma; MoAb: monoclonal antibody: TBR: tumor-to-blood ratio; %ID/g percent injected dose per g,

38 in the tumor was similar at 1, 3, and 10 ug of RC
38 (Fig. 1B). However, when 30 ug of RC 38 was in-
jected the %ID/g lowered significantly, and at 100 ug
of RC 38 the uptake was significantly lower compared
with doses of 1, 3, and 10 ug, indicating saturation of
the RC 38 antigen. Specific targeting of RC 38 in the
tumor was demonstrated by the significant higher *'1-
RC 38 uptake compared with *'I-MN-14 uptake. The
relative amount of '*'I-RC 38 in the blood, muscle,
liver, kidneys, and spleen remained constant over the
entire dose range (Table 1).

Calculation of the absolute amounts of RC 38 ac-
cumulating in the tumors showed a binding curve with
an apparent plateau at >100 ug of RC 38, indicating
saturation of RC 38 antigen in the tumor (Fig. 2B).
Extrapolation of the data indicated that RC 38 antigen
saturation in the tumor occurred at a dose of approxi-
mately 25 ug of the RC 38 antibody. At this saturation

lP:vel approximately 7.5 ug of RC 38 was bound spe-
cifically per g of NU-12 tumor.

Biodistribution of '1-G250 in SK-RC-52 Xenografts

To investigate whether the G250 antigen saturation
observed in the NU-12 model was unique for this par-
ticular tumor, a similar G250 protein dose escalation
study was performed in the SK-RC-52 tumor model.

In this model the biodistribution of '**I-G250 was com-
pletely different compared with the NU-12 model. In
contrast to the high G250 uptake in the NU-12 tumors,
very low G250 tumor uptake was observed at low pro-
tein dose levels in the SK-RC-52 model (Fig. 1A). Tu-
mor uptake increased to 10.79 %ID/g at 100-ug in-
jected dose. The uptake of '“'1-MN-14 in the tumor
remained constant (2.65 x 0.82 %ID/g) over the entire
dose range. At the 1-ug dose the %ID/g of '*I-G250
and "'[-MN-14 were not significantly different in the
tumor, whereas at higher dose levels the amount of
'251-G250 in the tumor was significantly higher. In ad-
dition, '*°1-G250 blood levels were extremely low (0.39
+ 0.17 %ID/g) at the lowest protein dose investigated
(1 ug) (Table 1). The amount in the blood increased
to 8.21 *+ 0.68 %ID/g at the 100-ug dose level.

Scatchard Analysis

Scatchard analysis of G250 binding revealed that the
number of antigenic sites per cell varied for both cell
lines. SK-RC-52 cells contained 600,000 sites per cell
and NU-12 contained 150,000, with a similar affinity
constant (K. (0.96 nM™ vs. 1.2 nM™Y) (Fig. 3). The
number of RC 38 binding sites on NU-12 cells was
200,000, which was similar to the number of G250
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FIGURE 2. The absolute amount of (A) iodine-125 (251}-G250 and {B)

Y1-RC 38 specifically accumulating in NU-12 tumors. Error bars represent
standard deviation (n = ).

binding sites on these cells. The K, of RC 38 (0.19
nM™) was 6.3-fold lower than the X, of G250 (Fig. 3).

Immunohistochemistry

The intratumoral distribution of the G250 antigen was
determined in NU-12 and SK-RC-52 xenografts. Mem-
branous G250 antigen expression was observed in
>T70% of the cells in both xenografts. The RC 38 anti-

gen was expressed on the membrane in approximately
80% of the cells in the NU-12 tumor.

Retention and Processing of G250 Bound to Tissue
Culture GCells

In Figure 4 the retention and processing of G250 by RCC
cells is shown. At 24 hours most of the '*I-G250 was cell-
associated for both cell lines. Processing of G250 was not
very rapid because <20% of G250 was processed by the
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FIGURE 3. Scatchard analysis of (A) iodine-125 (12%)-G250 binding to

NU-12 cells, (B) '®I-G250 binding to SK-RC-52 cells, and (C) '*'I-RC 38
hinding to NU-12 cells.

cells at 24 hours. However, processing of G250 (i.e., inter-
nalization and degradation of the antibody and subse-
quent excretion of the radiolabel) by SK-RC-52 cells was
faster than processing by NU-12 cells (17% vs. 8% non-
TCA-precipitable activity at 24 hours).
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DISCUSSION

The MoAb G250 has been used successfully to direct
M1 to RCC tumors in RCC patients.®® However, intra-
tumor uptake was highly heterogeneous, which might
hamper the therapeutic applications of the MoAb
G250.° Heterogeneity in antibody distribution may be
cvercome by increasing the antibody dose.” In the cur-
rent study the effect of antibody protein dose on the
biodistribution of anti-RCC MoAbs in nude mice bear-
ing RCC xenografts was investigated.

(250 antibody uptake in NU-12 tumors was very
high at the lowest injected doses (approximately 125%
[D/g). However, at doses exceeding 1 pg the %ID/g
gradually decreased with apparent tumor saturation

occuring at a dose of 3 ug. High tumor-to-blood ratios
were achieved at the lowest protein doses, mainly due
to the high tumor uptake at these dose levels, Although
tumor saturation has been described, saturation at this
low antibody dose level is uncommon. Boerman et al.
and Fenwick et al. observed saturation of antigens at
doses >100 ug using anticolon carcinoma antibodies
in animals with a GW-39 colon carcinoma xeno-
oraft.?**! The animal data obtained with the NU-12
model are strikingly in line with the human data ob-
tained in a Phase I antibody dose escalation study
using radioiodinated chimerized MoAb G250 in RCC
patients; at lower protein doses relatively high tumor
uptake was observed, whereas at doses >10 mg, 10-
fold lower tumor uptake was observed, suggesting that
saturation of available G250 epitopes occurred when
relatively low G250 protein doses were administered
intravenously to RCC patients.”

To determine whether the observed G250 tumor
saturation was unique for the G250 antigen, we tested
another anti-RCC MoAb. For the RC 38 MoAb tumor
saturation also was observed. However, the level of
antigen saturation was different for both antibodies (3
ng for G250 vs. 25 ug for RC 38). The maximum
amount of G250 bound in the tumor at the saturation
dose level was 3-fold lower than the maximum amount
of RC 38 bound in the tumor (2.3 vs. 7.5 ug/g). This
might be explained by the somewhat lower number
of G250 antigenic sites per NU-12 cell and/or the
somewhat higher K, ot G250.

Using the anti-RCC MoAb A6H, Sands et al.** and
Palme et al.*® also found high tumor uptake in RCC
nude mouse models, which was attributed to the in-
creased tumor permeability in RCC compared with
non-RCC.?* In our study we observed high tumor up-
take with G250 and moderately high uptake with RC
38 in the same NU-12 model, indicating that othex

factors also play a role in RCC tumor uptake of MoAbs.

The biodistribution of G250 also was investigated
in another RCC model to determine whether the ob-
served G250 saturation was specific for the particular
model used. In the SK-RC-52 model the biodistribu-
tion of G250 was completely different. Three days after
injection of low protein doses extremely low blood and
low tumor levels were found. In contrast, in nontu-
mor-bearing mice "I-G250 blood levels were inde-
pendent from G250 dose (approximately 10.7 %ID/g),
indicating that the SK-RC-52 tumor had a major effect
on the biodistribution of G250. Despite low tumor up-
take, high tumor-to-blood ratios were obtained at the
lowest protein dose levels due to the extremely low
G250 blood levels. Tumor saturation was not observed
as a result of the rapid clearance of G250 in SK-RC-52
tumor-bearing mice,
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What might explain the extreme differences in the
biodistribution of G250 in these different tumor mod-
els? Internalization of G250 by the tumor cells may
cause rapid processing and subsequent excretion of
radioiodinated G250 in the SK-RC-52 model. G250 was
degraded slightly faster by SK-RC-52 cells compared
with NU-12 cells as determined by the antibody pro-
cessing assay. It is possible that in vivo this ditference
in antibody processing is more pronounced, thereby
explaining the very low amounts of G250 in the tumor
and in the circulation in mice with SK-RC-52 tumors.
Vascular permeability, which can be determined using
an irrelevant antibody,”* may determine the absolute
antibody tumor uptake. Because the biodistribution
of the control IgG in the models studied was similar,
it is unlikely that the different biodistribution of G250
can be attributed to vascular permeability differences.
Different antigen distribution also does not appear to
play a role; approximately 70-80% of the tumor cells
expressed G250 antigen in both tumors. Another ex-
planation might be that G250 antigen density drives
the G250 MoAb targeting. However, no relation be-
tween the number of G250 sites per cell and tumor
uptake was obvious. SK-RC-52 contained a fourfold
higher number of antigenic sites per cell, whereas in
vivo very low tumor uptake was observed at low anti-
body doses. Alternatively, shedding of G250 antigen
might be more prominent in SK-RC-52 tumors, caus-
ing differences in tumor targeting. However, in tissue
culture supernatant fluid from NU-12 and SK-RC-52
cells no G250 antigen could be detected (data not
shown).

From the amount of G250 specifically bound per
g of NU-12 tumor at the saturation dose the number
of antibody molecules targeted per tumor cell were
calculated. Assuming 10” cells per g of tumor, 2.3 ug
of G250 specifically bound per g of tumor represents
9200 antibody molecules per cell. In contrast, Scatch-
ard analysis on cultured cells demonstrated the pres-
ence of 150,000 antigenic sites per NU-12 cell. Pro-
vided that expression levels in vivo are similar, this
would indicate that only 6.1% of the antigenic determi-
nants present were accessible for G250 antibody bind-
ing in the xenografted tumor. With RC 38 only 30,000
of 200,000 of the RC 38 sites (15%) were targeted at
maximum tumor uptake.

[t is interesting to note that tumor saturation also
was observed at relatively low G250 protein dose levels
(=25 mg) in G250-treated RCC patients. Injection at
saturated G250 levels (25 or 50 mg] resulted in a tumor
uptake of 0.0015 %ID/g. This would mean that 1500~
3000 G250 epitopes per cell were targeted in these
patients. These numbers are strikingly similar to the
numbers calculated for our NU-12 model.
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These studies indicate that some RCC tumors can

be saturated at relatively low antibody protein doses.
At nonsaturated dose levels, very high tumor uptake
and very high tumor-to-blood ratios can be achieved.
At maximum tumor uptake only a minority (6.1 and
15%, respectively) of the antigenic determinants in the
tumor were targeted in the experimental NU-12 RCC
fumor.
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