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ABSTRACT

The specific uptake of I25I-A6H antibody by xenografts of the human

renal cell carcinoma (RCC) TK177G in the athymic mouse was consid
erably greater than that seen for other human tumor xenografts and their
associated antibodies (e.g., I2SI-B6.2 uptake by the human breast carci

noma, Clouser). In addition the A6H-RCC model also demonstrated both

greater localization indices and absolute amount of antibody bound than
did the B6.2-Clouser model.

Several physiological factors were studied to assess whether they might
play a role in this greater specific uptake. Vascular volume was deter
mined using the in situ labeling of red blood cells with "Te. Vascular
permeability was determined by measuring the amount of I25l-labeled
bovine serum albumin and I3ll-labeled nonspecific IgGl (anti-horseradish

peroxidase) extravasated out of the tumor vasculature during 1 hr.
Relative blood flow to the tumor was determined using the **Rb method.

Blood flow and vascular permeability were found to be significantly
greater in the RCC tumor xenografts than in Clouser tumors. Differences
in vascular permeability were especially dramatic, showing the vascula
ture of the RCC xenograft was twice as permeable as that of the Clouser
tumor. Animals bearing either RCC or Clouser xenografts were injected
with a monoclonal antibody to human major histocompatibility complexes
("'Â¡-labeled anti-human histocompatibility complex A, B, C). Tumor
uptake of I25l-labeled anti-human histocompatibility complex A, B, C

was found to be 5 times greater in RCC than Clouser xenografts. These
results, therefore, suggest that the differences seen in the physiological
factors studied can account for some of the greater specific 125I-A6H
uptake by the RCC tumor than I25I-B6.2 uptake by the Clouser xenograft.

INTRODUCTION

The now classic work of Kolher and Milstein ( 1) gave promise
to the concept of the development of monoclonal antibodies to
"tumor-associated" antigens for use in the diagnosis and treat

ment of cancer. Numerous antibodies with specific immuno-
reactivity to human and animal tumors have been reported (2-
6). When studied in the athymic mouse-human tumor xeno
grafts model at 24-48 h postinjection these antibodies showed
only limited specific tumor uptake, usually in the range of 2- to
4-fold greater than either nonspecific antibody uptake or anti
body uptake by nontarget tumors (5-8). In most cases, the ratio
of radioiodinated antibody found in the tumor to that in the
blood at 24 h is reported to be in the range of one to two (8-
10).

Recently Vessella et al. reported a series of monoclonal
antibodies to human RCC2 (11). These antibodies were gener
ated following immunization of mice with either RCC homog-
enates, RCC cell lines, or fetal kidney homogenates. One of
these antibodies, A6H, reacted with all fourteen RCC lines
tested but with few other carcinoma cell lines. In addition, using
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several types of RCC xenografts, this antibody showed tu-
monblood ratios in the range of four to sixty (12). In this report
the tumor-specific uptake of A6H was compared to that of a
more typical antibody, the antibreast carcinoma antibody B6.2
(8, 9). The greater specific uptake of A6H was confirmed. In
addition to immunological factors (antibody affinity, antigen
density) several physiological factors could account for the
greater specific uptake. These factors included vascular volume,
vascular permeability, and blood flow to the tumor.

MATERIALS AND METHODS

Cell Lines and Tumors. Tumors were grown s.c. in athymic (Nu/Nu)
mice (HarÃanSprague Dawley, Indianapolis, IN). The human breast
carcinoma Clouser tumor was obtained from the NIH (courtesy of J.
Schlom) and initiated by the s.c. injection of 0.2 ml of a 30% tumor
homogenate (8, 9). Isolation and characterization of the human RCC,
TK177G, have been previously reported (12). RCC tumors were started
by the implantation of 1- to 2-mm pieces of TK177G. All tumors used
in this study were between 50 and 300 mg.

Monoclonal Antibodies. For the Clouser tumor, the specific antibody
was B6.2, an IgGl, obtained from the National Cancer Institute (2).
A6H, an IgGl whose preparation has previously been reported (11),
served as the specific antibody for the TK177G tumor. The nonspecific
antibody used was an antibody to horseradish peroxidase, anti-HRP,
an IgG 1, prepared by the ImmunologyResearch Department of Dupont.
A monoclonal antibody (IgGl) to the major human histocompatibility
complex HLA-ABC was obtained from Atlantic Antibodies (Scarbor
ough, ME). Antibodies were obtained from hybridomas which secrete
the Klight chain. B6.2, anti-HRP, and anti-HLA were radioiodinated
to a specific activity of 20-40 jiCi/Mg using the lodogen method by
procedures which have been previously published (8, 9) while A6H was
radioiodinated to a specific activity of 7 pC\/n% according to the
chloramine T procedure (12). The amount of free radioiodine found in
these preparations was determined by high-performance liquid chro-
matography using a GF-250 column (Du Pont, Wilmington, DE) to be
less than 2%. All radioiodinated preparations were assayed for retention
of immunoreactivity by determining the in vitro binding to appropriate
cell lines by previously published methods (8, 9, 12).

Biodistribution and Localization Index. Animals bearing s.c. tumors
were injected i.v. through the tail vein with 4 to 6 nCi of both I31I-
labeled specific antibody (either A6H, B6.2, or anti-HLA) and 4 to 6
MCi of '"I-labeled anti-HRP. At the indicated times, three or more

mice were sacrificed by cervical dislocation and various organs, blood,
and tumor removed. The radioiodine content of each sample was
determined using a gamma scintillation counter. All data were corrected
for spillover and decay. The localization index was determined by the
method of Moshakis et al. (IO

LI =
I3'l-labeled specific antibody in tumor

125I-labelednonspecific antibody in tumor
/ '-"I-labeled specific antibody in blood

/ 125I-labelednonspecific antibody in blood

Vascular Volume, Vascular Permeability, and Relative Blood Flow.
Vascular volume and vascular permeability were determined using the
method of Sands et al. in which erythrocytes are radiolabeled in situ
with "Te 30 min after injection of 1.17 ng of stannous chloride (13).
Permeability to proteins was determined using I25I-BSAobtained from
Dupont/NEN Products (North Billerica, MA). In addition to 125I-BSA,
I3ll-labeled anti-HRP was used in order to determine the vascular
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permeability to IgG. Relative blood flow values to the tumors were
determined using the 86Rbmethod of Cullino and Grantham (14).

Autoradiography. Qualitative autoradiographic analyses were done
using either an injected dose of 25 nCi or 0.5 nCi of '"I-labeled antibody

per slide for in vivo and in vitro experiments, respectively, as described
by Jones et al. ( 15).

Membrane Bound Antibody. At selected times following antibody
injection, tumors were homogenized in 5 ml of medium, either using a
Polytron tissue homogenizer or by repeated cycles of freeze-thawing.
After 10 min of centrifugation at 200 x g to remove large unhomogen-
ized fragments, the supernatant was recentrifuged for 2 h at 30,000 x
g. The percentage of radioactivity bound to the membrane fraction was
determined by counting the radioiodine in the supernatant and the
pellet. The absolute amount (number of ng/g tumor) of antibody bound
to membranes in the tumor was calculated based on the pellet radio
activity and the specific radioactivity of the antibodies.

Statistical Analysis. Data were compared using the double-tailed
Student's t test. P values of less than 0.05 were considered significant.

Data are reported as either the mean Â±SEM (for n > 5) or as the mean
Â±SD (for n < 4) unless otherwise indicated.

RESULTS

Biodistribution and Localization Index of Anti-Tumor Anti
bodies. The ability of each antibody to target to its specific
tumor is illustrated in Fig. 1 and Table 1. Specific B6.2 uptake
was seen with Clouser tumor xenografts and specific A6H
uptake with RCC xenografts. The greater uptake of A6H by
the RCC tumor was readily apparent both as percentage of ID/
g and as the organ:blood ratios (Table 1). Tumor:blood ratios
at 24 h for A6H (10.78 Â±6.31) far exceeded that of B6.2 (1.0
Â±0.26). The RCC tumor appeared to demonstrate a greater
degree of tumor variability in tumor to tumor uptake of anti
body than do the Clouser tumors, as shown by the larger
variation in percentage of ID/g values. The remarkable ability
of A6H to accumulate in the RCC tumor is also shown in Fig.
2 where the data are presented as Lis. Lis of 2 to 4 have
routinely been obtained using B6.2 (16). The LI for A6H was
greater than 20 at 14 h and approximately 30 at 48 h after
antibody injection (Fig. 2) and continued to increase over 7
days.3

Membrane Bound Antibody. Another striking difference be
tween the uptake of A6H by the RCC tumor and B6.2 by the
Clouser tumor was the absolute amount of antibody bound to
tumor cell membranes (Fig. 3). The specificity of A6H binding
was 30-fold greater than that seen for B6.2.

Relative Blood Flow. In order to determine if the greater
specific uptake of A6H was due to an increase in its delivery to
the tumor, the relative blood flow of the RCC tumor was
determined and compared to that of the Clouser tumor (Table
2). The relative blood flow to the RCC tumor was 58% greater
than that to the Clouser tumor (Table 2).

Vascular Volume. No differences in the vascular volumes of
the Clouser and RCC tumors were found (Table 2).

Vascular Permeability. Vascular permeability to both IgG
and BSA was greater for the RCC tumor than for the Clouser
tumor (Table 2). As expected, permeability of the vasculature
of both xenografts to BSA was greater than to the larger
nonspecific IgG. When the data are presented as the ratio of
the vascular permeability in tumor to that of muscle in the same
animal (Fig. 4), the differences between Clouser and RCC are
more evident. The RCC tumor is approximately 3 times more
permeable than the Clouser tumor to both BSA and a nonspe
cific IgG.

RCC-A6H

o. 20

20 25 30

Time (hr)

Fig. 1. Xenograft uptake of radioiodinated A6H (O), B6.2 (A), and anti
(D). Data, mean Â±SD of six to nine mice.

Table 1 OrganMood ratios at 24 h

HRP

OrganTumor

Spleen
Kidney
Liver
MuscleRCC

and
A6H(6)Â°10.78

Â±6.31*

0.18 Â±0.05
0.31 Â±0.07
0.29 Â±0.07
0.20 Â±0.12Clouser

and
B6.2(4)1.00Â±0.26C

0.26 Â±0.03Â°

0.21 Â±0.04
0.22 Â±0.37
0.28 Â±0.38RCCand

Anti-HRP
(6)0.47

Â±0.12"
0.25 Â±0.05"

0.33 Â±0.06
0.31 Â±0.07
0.15 Â±0.07Clouser

and
Anti-HRP(4)0.32

Â±0.04
0.34 Â±0.03
0.22 Â±0.03
0.23 Â±0.03
0.07 Â±0.04

" Numbers in parentheses, number of mice.
* Mean Â±SD.
' A6H versus B6.2, P < 0.05.
* A6H versus Anti-HRP, P < 0.05.
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3 R. I Vessella and D. Palme, personal communication.

Fig. 2. Localization indices of radioiodinated A6H and B6.2 by RCC and
Clouser xenografts, respectively. Data, mean Â±SD of three to six mice.

Biodistribution and Localization Index of Anti-HLA. To de
termine if physiological factors (such as blood flow and vascular
permeability) could contribute to the greater A6H uptake by
the RCC xenograft, mice bearing either RCC or Clouser xeno
grafts were injected with 125I-labeled anti-HLA and ml-labeled
anti-HRP. Since the anti-HLA is a monoclonal IgGl directed
at the human ABC histocompatibility complex, uptake by the
two xenografts would be expected to be equal assuming HLA
antigen concentrations per cell were similar. This was shown
to be correct using in vitro autoradiography (Figs. 5C and 6C).
The results of the biodistribution study are presented in Table
3. Tumor uptake of anti-HLA, when calculated as percentage
of ID/g, LI, and the tumorblood ratio, was approximately 6-
fold greater than that seen for the Clouser tumor. This differ
ence is approximately 2- to 3-fold that seen in vascular perme
ability reported above.

Autoradiography. Autoradiographic analysis of tumors taken
from animals injected with I25I-A6H 24 h previously showed
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Fig. 3. Nanograms of either radioiodinated A6H or B6.2 bound by RCC
(TK177G) or Clouser xenografts, respectively.

Table 2 Comparison of physiological factors in RCC and Clouser tumors
RCC (7)Â° Clouser (20) P

VV" GÂ«l/gtissue) 42.1Â± 5.0e
VP'-BSA (^1/g/h) 172.1 Â±5.0
VP'-IgG (xl/g/h) 139.1 Â±6.0

Relative blood How (% of ID/g) 1.9 Â±0.7

36.4 Â±3.0 NS*
128.0 + 9.0 <0.001
76.1 Â±5.0 <0.001

1.1 Â±0.5 <0.01
* Numbers in parentheses, number of mice.
* VV, vascular volume.
' Mean Â±SE.
d NS, not significant.
' VP, vascular permeability.

25r
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I!20
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>Ãª (20)

Clouser RCC

Fig. 4. Vascular permeability of Clouser and RCC xenografts. Data, ratio of
permeability found in tumor to that of muscle. Bars, SEM. Numbers in parenthe
ses, number of observations.

that the distribution of activity was heterogeneous and concen
trated at the tumor periphery and in structures characteristic of
TK177G. TK177G histologica! Iy appears to be highly differ
entiated (Fig. 7.-1). In contrast was the autoradiographic staining
pattern of B6.2 in the Clouser xenograft (Fig. IB). 125I-B6.2
was seen in "nest-like" concentrations despite the fact that the

tumor is highly undifferentiated. The patterns of distribution
of '"I-labeled anti-HLA were similar to those of the tumor-

specific antibodies (Fig. 7, A and C, B and D). In comparison
to the in vivo study (Fig. 7, A and C), very different binding
patterns were seen after in vitro incubation of tumor sections
with '"I-labeled anti-HLA (Fig. 5, C and B). Relatively equal
and uniform binding patterns of I25l-labeled anti-HLA after in

vitro application could be seen in the two tumor xenografts.
The specificity of antibody binding was shown by the lack of

â‚¬MS*S - â€¢*--. '

'

^f'^'^^'^Ãl ' ;*5Ã•-? fc1"*" ^'^ ^'^ â€¢""'''â€¢'-'-^ â€¢.'"l-'V- '"'-"A," ' '^ ~ 1'"1'V**-'1;>V? 'V-"4

'1 ,.JJI|^T.* y _'â€¢s*. . / -rr f^-V;â€¢"."*Â¿., -"^â€¢ . .-r , V^T , j â€¢"*--^''-A^^,:-" -â€¢:'â€¢â€¢* ''â€¢*"'"" v-â€¢.-/â€¢â€¢-.â€¢â€¢'x-^ vV ;Cv-
V*

Fig. 5. /n virro autoradiographs obtained from incubating tumor tissue sections
from Clouser tumors with A, '"I-labeled anti-HRP, x 156; B, '"I-B6.2, x 156;
C, '"I-labeled anti-HLA, x 156.
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Table 3 Biodistribution of "Â¡-labeledanti-HLA (24 h)

Blood
Spleen
Liver
Kidney
Muscle
Tumor
11*Clouser

(6)Â°%of

ID/g (Â±SE)T:BÂ»8.81

Â±1.74
2.35 Â±0.45 0.3
3.01 Â±0.56 0.3
2.20 Â±0.35 0.2
2.18 Â±0.59 0.2
8.47 + 0.59 1.0

2.36RCC

(6)%of

ID/g(Â±SE)7.02+1.10

2.15 Â±0.26
2.05 Â±0.26
1.55 + 0.10
1.05 + 0.27

45.74 Â±6.29e

13.13T:B0.3

0.3
0.2
0.1
6.5

Fig. 6. In vitro autoradiographs obtained from incubating tissue sections from
RCC xenografts with A, 125I-labeled anti-HRP, x 156; B, 125I-A6H, x 156; C,
'"I-labeled anti-HLA, x 156.

" Numbers in parentheses, number of mice.
* T:B, tissue:blood ratio.
'P< 0.002.
* LI anti-HRP data not shown.

staining when a control antibody was used (Figs. 5.4 and 6A)
compared to the pattern seen when tumor-specific antibodies
were used (Figs. SB 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-
morblood 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, tumonblood ratio, or LI in the human xenograft. The
antibody A6H, however, clearly stands out. While B6.2
achieved a maximum of 20% ID/g, A6H reaches values as great
as 70% ID/g. Similarly, the 24-h tumonblood 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 IO9 nT1. 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.5 In order to determine the role of these physiological

parameters on tumor uptake of antibody, the biodistribution of
125I-labeled 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

4 R. L. Vessela, personal communication.
*S. Shah and H. Sands, personal communication.
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B

D
Fig. 7. In vivo autoradiographs obtained from A, RCC xenografts obtained from mice injected with '"I-A6H, 24 h previously, x 156; B, Ciouser xenografts

obtained from mice injected with '"I-B6.2, 24 h previously, x 156; C, RCC xenografts obtained from mice injected with l!5I-labeled anti-HLA, 24 h previously, x
156; D, Clouser xenografts obtained from mice injected with '"I-labeled anti-HLA, 24 h previously, x 156.

studies also suggest: (a) that one explanation for the differences idly diffuse away. This could, in part, explain the higher ratio
in the staining patterns seen in Figs. 5 and 6 could be the result
of differences in antibody delivery; and (b) 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-

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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