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PHYSIOLOGICAL FACTORS AND ANTIBODY UPTAKE BY TUMORS

Fig. 6. In vitro autoradiographs obtained from incubating tissue sections from
RCC xenografts with 4, '*I-labeled anti-HRP, x 156; B, '*I-A6H, x 156; C,
123].]abeled anti-HLA, X% 156.

Table 3 Biodistribution of ***I-labeled anti-HLA (24 k)

Clouser (6)° RCC (6)
% of % of
ID/g (+SE) T:B® ID/g (£SE) T:B
Blood 8.81 +1.74 7.02+1.10
Spleen 2.35+ 045 0.3 2.15 £ 0.26 0.3
Liver 3.01 £ 0.56 0.3 2.05 £ 0.26 0.3
Kidney 2.20 £ 0.35 0.2 1.55+0.10 0.2
Muscle 2.18 + 0.59 0.2 1.05 + 0.27 0.1
Tumor 8.47 + 0.59 1.0 45.74 £ 6.29° 6.5
L 2.36 13.13
¢ Numbers in parentheses, number of mice.
b T:B, tissue:blood ratio.
€ P<0.002.
LI anti-HRP data not shown.

staining when a control antibody was used (Figs. 54 and 64)
compared to the pattern seen when tumor-specific antibodies
were used (Figs. 5B and 6B).

DISCUSSION

Many monoclonal antibodies directed against human “tu-
mor-associated” antigens have been previously described (2-6).
All demonstrate excellent immunospecificity when tested in
vitro. In contrast to this excellent in vitro specificity is their
relative lack of in vivo specificity. In mouse xenografts, tu-
mor:blood ratios at 24 h of one to two are common (3, 8-10).
Localization indices are seldom greater than four (10, 16).
While promising, clinical studies have yet to fully fulfill the
earlier expectations for the technique (17, 18).

Most of these “tumor-targeted” antibodies cannot be distin-
guished from each other on the basis of either percentage of
ID/g, tumor:blood ratio, or LI in the human xenograft. The
antibody A6H, however, clearly stands out. While B6.2
achieved a maximum of 20% ID/g, AGH reaches values as great
as 70% ID/g. Similarly, the 24-h tumor:blood ratio for A6H
was greater than 10 while that of B6.2 was 1. Most impressive
was the LI for A6H (greater than 30) compared to B6.2 (ap-
proximately 2). These superior uptake values were clearly re-
flected in better gamma camera images (12).

The reasons for the better results using A6H are not readily
apparent. It is possible that the antibody has a higher affinity
for the antigen than do other antibodies, however, affinities for
both A6H* and B6.2 (8) are approximately 10° m™'. It is also
possible that the differences lie not in the antibody but in their
target tumors. Vascular volume, vascular permeability to mac-
romolecules, and the rate of blood flow are delivery factors
which may determine the absolute uptake of antibody by a
tumor. The data presented here demonstrate that the RCC
tumor TK177G has a slightly greater rate of blood flow and a
greater permeability to both BSA and IgG than does the Clouser
tumor. A third tumor xenograft, LS174T, a human colorectal
carcinoma, did not differ significantly from the Clouser tumor
in either B6.2 uptake, vascular volume, or vascular permeabil-
ity.* In order to determine the role of these physiological
parameters on tumor uptake of antibody, the biodistribution of
125]]abeled anti-HLA was studied. Anti-HLA binds to the SD
antigen found on almost all human cells (19). If antigen con-
centration were similar on RCC and Clouser tumor cells in
vitro accumulation of this antibody should be equal in vivo.
Based on the in vitro autoradiographic studies, it appears that
the concentration of HLA antigen was similar on both tumor
types. The data from the in vitro and in vivo autoradiographic

“R. L. Vessela, personal communication.
$S. Shah and H. Sands, personal communication.
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PHYSIOLOGICAL FACTORS AND ANTIBODY UPTAKE BY TUMORS

Fig. 7. In vivo autoradiographs obtained from A, RCC xenografts obtained from mice injected with '*I-A6H, 24 h previously, X 156; B, Clouser xenografts
obtained from mice injected with '**I-B6.2, 24 h previously, X 156; C, RCC xenografts obtained from mice injected with 'I-labeled anti-HLA, 24 h previously, X
156; D, Clouser xenografts obtained from mice injected with '*I-labeled anti-HLA, 24 h previously, % 156.

studies also suggest: (a) that one explanation for the differences
in the staining patterns seen in Figs. 5 and 6 could be the result
of differences in antibody delivery; and () that the quantitative
differences in antibody uptake of anti-HLA (Table 3) were, in
part, due to permeability differences and not to differences in
HLA antigen expression in the two xenografts. The in vivo
accumulation of anti-HLA by the RCC xenograft was 6-fold
greater than by the Clouser tumor. The RCC xenograft also
demonstrated a 3-fold greater vascular permeability. These data
suggest a major role for the delivery system in determining the
magnitude of antibody accumulation by tumors.

Localization of antibodies, unlike that of more classical low-
molecular weight drugs, is very dependent on the permeability
of the vasculature. The vascular permeability of tumors has
been reported to be higher than that of nonmalignant tissues
(20-22). This greater permeability should result in increased
specific and nonspecific antibody access. Binding of the tumor-
specific antibody should then result in an increase in specific
antibody accumulation while the nonspecific antibody will rap-
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idly diffuse away. This could, in part, explain the higher ratio
of specific to nonspecific uptake seen in TK-177G xenografts.
Other RCC xenografts studied by Vessella et al. show even
greater accumulation of A6H than demonstrated with TK-177G
(23). It is not known whether these tumors also exhibit in-
creased vascular permeability when compared to non-RCC
xenografts. As demonstrated by the data presented here, it is a
combination of immunological and nonimmunological factors
which ultimately determine whether a given antibody will suc-
cessfully target its tumor.

The antibodies for radioimmunodiagnosis of cancer have had
limited success. Perhaps this is due to our lack of information
concerning immunological and physiological factors which de-
termine antibody uptake by tumors. Further studies of these
factors are clearly needed before we fully understand why an
antibody like A6H is superior to B6.2 (and other antibodies) in
the mouse tumor xenograft model. The tumor is not a passive
bag containing antigen which does not play a role in the uptake
mechanism. A greater understanding of tumor physiology and
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the determination of whether the tumor xenograft in athymic
mice is predictive of the clinical situation are essential if mono-
clonal antibodies are to be successful in the diagnosis and
treatment of cancer.
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