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A b s t r a c t  

Novel strategies to increase the therapeutic ratio in 
clinical radioimmunotherapy studies are needed. Limita- 
tions to radioimmunotherapy include bone marrow suppres- 
sion due to the long circulating half-life of radiolabeled 
monoclonal antibodies (mAbs) and heterogeneous tumor 
penetration of the high-molecular-weight mAb. An ap- 
proach to overcome these problems is the use of genetically 
engineered mAbs. The engineered mAb discussed in this 
paper contains a deletion in the constant region of the mAb 
that increases its tumor penetration and blood clearance 
compared with the intact mAb. Radiolabeling of this mAb 
should lead to a similar radiation-absorbed dose to tumor 
compared with the intact mAb, but reduce the radiation 
absorbed dose to bone marrow. In addition, low or variable 
expression of tumor-associated target antigens or receptors 
may lead to low or heterogeneous tumor uptake of radiola- 
beled mAbs. This report  also discusses a novel approach 
toward systemic radiotherapy that combines gene transfer 
techniques (to increase tumor receptor expression) with ra- 
diolabeled peptides that target the induced receptor. The 
radiolabeled peptides achieve good tumor uptake, rapid 
tumor penetration, and rapid blood clearance. 

A humanized construct of the CC49 (HuCC49) high- 
affinity anti-TAG-72 mAb, as well as a construct with the 
Cn2 region deleted (HuCC49ACrI2), were labeled with ~31I 
and 177Lu. Biodistribution of the radiolabeled constructs 

was evaluated 24 h after regional i.p. injection in athymic 
nude mice bearing i.p. LS174T human  colon cancer xe- 
nografts. The 131I-HuCC49ACn2 showed a median tumor 
uptake of 5.5% ID/g which was similar to that of 13~I- 
HuCC49 at 5.2% ID/g. However, the median blood concen- 
tration of ~31I-HuCC49ACH2 was 0.2% ID/g which was 
significantly lower than 0.8% ID/g for 13~I-HuCC49. The 
uptake of the constructs in other normal  tissues were simi- 
lar. The 177Lu-HuCC49ACH2 showed a median tumor up- 
take of 9.4% ID/g, which was slightly higher than that of 
177Lu-HuCC49 at 7.9% ID/g. The median blood concentra- 
tion of 177Lu-HuCC49ACH2 was 0.2 % ID/g, which was sig- 
nificantly lower than 0.4% ID/g for 177Lu-HuCC49. The 
uptake of the antibody constructs in other normal tissues 
were similar except for the kidney. The tumor:blood ratios 
of 177Lu-HuCC49 and 177Lu-HuCC49ACH2 were 19.4 and 

60.2, respectively, at 24 h after injection. 
The purpose of the second aspect of the study was to 

determine the biodistribution of 64Cu-l,4,8,11-tetraazacy- 
clotetradecane-l,4,8,11-tetraacetic acid (TETA)-octreotide 
in a human ovarian cancer model induced to express human 
somatostatin receptor subtype 2 (SSTr2) using gene transfer 
techniques as a prelude to future therapy studies. Mice 
bearing i.p. SKOV3.ipl  tumors transduced with an adeno- 
viral vector encoding the cDNA for SSTr2 (AdSSTr2) and 
injected i.p. with 64Cu-TETA-octreotide showed a median 
uptake of 24.3% ID/g in tumor at 4 h postinjection com- 
pared with 4.9% ID/g at 18 h after injection. Also, tumor 
uptake of 64Cu-TETA-octreotide at 4 h was not significantly 
different when administered either 2 or 4 days after injec- 
tion of AdSSTr2  (P = 0.076). 64Cu-TETA-octreotide should 
be useful for targeted radiotherapy against tumors that are 
genetically induced to express high levels of SSTr. These two 
novel targeting strategies show promise for improved cancer 
radioimmunotherapy.  

I n t r o d u c t i o n  

Limitations of RIT 3 reflect a variety of problems that 
include: (a) inadequate expression of tumor-associated antigens 
or receptors; (b) variable expression of target receptor; (c) poor 
tumor penetration of high-molecular-weight mAbs used to de- 
liver radionuclides to the tumor; (d) a humoral immune response 
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tetraaza-N-(1-carboxy-3-(4-isothiocyanatophenyl)propyl)-N', N", N" '- 
tris(acetic acid) cyclododecane. 

Research. 
on October 30, 2017. © 1999 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

http://clincancerres.aacrjournals.org/


Clinical Cancer Research 3049s 

against the mAbs; and (e) bone marrow toxicity resulting from 
the slow blood-clearance of radiolabeled mAbs (1-6). A strat- 
egy to overcome these problems has been the use of radiola- 
beled mAb fragments or peptides that clear faster from the blood 
and show more rapid and homogeneous intratumor distribution 
(2, 3, 6). 

Murine CC49 has an excellent binding affinity for TAG- 
72, and this antigen is quite plentiful in many human adenocar- 
cinomas (7). The CC49 molecule was changed to a "humanized" 
construct using complementarity-determining region (CDR) 
grafting techniques. This should reduce immunogenicity and 
allow more than one treatment course to be given. However, 
construction of antibodies with human constant regions (chimer- 
ic or CDR-grafted molecules) results in a substantial increase in 
their half-life in plasma (8), and this prolonged radiation expo- 
sure of the marrow reduces the maximum tolerated dose and 
limits the dose administered (9). This is true for i.p. as well as 
for i.v. administration because the majority of the dose admin- 
istered into the peritoneal cavity eventually enters the plasma 
compartment. It has been shown that the deletion of the CH2 
region of the molecule results in dramatic shortening of plasma 
half-life with retention of binding affinity and tumor localization 
(10). Animal model studies have confirmed the predicted be- 
havior of this new humanized antibody construct, including 
improved tumor:blood ratios. We believe that this antibody 
molecule will be ideal for i.p. RIT in that its rapid clearance 
from the plasma and prompt excretion should provide a higher 
maximum tolerated dose and, thus, a higher dose that can be 
delivered while retaining its regional tumor localization capac- 
ity. Furthermore, its reduced immunogenicity will allow two or 
more courses of therapy, which should enhance antitumor ef- 
fects as well. 

Another strategy to increase the tumor localization of 
radiolabeled mAbs or peptides has been through the genetic 
induction of antigens and receptors, termed GRITS (11-17). 
This strategy addresses the problem of inadequate tumor- 
associated antigens or receptors by increasing their concen- 
tration through gene transfer methods. This increase in anti- 
gen or receptor concentration results in an increase in the 
targets for the radiolabeled mAb or peptide at the tumor site 
and, hence, a higher binding of either by the tumor. We have 
been investigating the SSTr2/octreotide system. Octreotide is 
an eight-amino-acid derivative of the inhibitory peptide so- 
matostatin, which binds with highest affinity to SSTr2 (18). 
Octreotide analogues radiolabeled with 9Oy, lSSRe ' and 64Cu 
have demonstrated therapeutic efficacy in animal models 
(19-22). 

In the present study, it is also shown that a replication- 
incompetent adenoviral vector that encodes the SSTr2 gene 
driven by the cytomegalovirus promoter (AdSSTr2) can mediate 
the expression of SSTr2 in human tumor cell lines in vitro using 

(,4 a competitive binding assay with Cu-TETA-octreotide as the 
radioligand. The AdSSTr2 was then used to induce the expres- 
sion of SSTr2 in a mouse model of human ovarian carcinoma as 

64 demonstrated by tumor localization of Cu-TETA-octreotide. 
64Cu has an appropriate physical half-life (12.8 h) to match the 
biological half-life of octreotide retention in tumors (27.1 h) and 
can achieve effective cell-kill over several cell diameters. 

M a t e r i a l s  a n d  M e t h o d s  

Cell Line and Antibodies. The LSl74T human colon 
cancer cell line was obtained from the American Type Culture 
Collection (Manassas, VA) and cultured in Eagle's MEM con- 
taining 10% fetal bovine serum, 1% u-glutamine, and 1% non- 
essential amino acids at 37~ in a humidified atmosphere with 
5% CO2. The HuCC49 and HuCC49ACH2 mAbs were prepared 
as described previously (23, 24) and stored at -70~  until use. 

Radiolabeling of Antibodies with 131L HuCC49 and 
HuCC49ACH2 were labeled with Na'3~I (DuPont NEN Re- 
search Products, Boston, MA; specific activity = 630 Ci/mmol) 
using the IodoGen (Pierce Chemical Co., Rockford, IL) method 
(25). The reaction products were purified using a PD-10 column 
(Pharmacia, Piscataway, NJ). The purity of the radiolabeled 
mAbs was determined by size-exclusion HPLC. HPLC samples 
were run on a Hydropore SEC 83-$13-C5 column (Rainin 
Instrument Co., Woburn, MA) using a Bio-Rad HPLC Pump 
Model 1330 (Bio-Rad Laboratories, Hercules, CA) and an iso- 
cratic buffer of 10 mM Na2HPO4, 300 mM NaC1, and 10% 
DMSO at a flow rate of 1 ml/min. 

Radiolabeling of Antibodies with 177Lu. The bifunc- 
tional chelating agent PA-DOTA-NCS was synthesized as de- 
scribed previously (26) and conjugated to HuCC49 and 
HuCC49ACH2. Briefly, the PA-DOTA-NCS was diluted to 0.5 
mg/ml in 0.1 M H3BO 4 and added to HuCC49 and 
HuCC49ACH2 (in the same buffer) in a 4.5:1 molar ratio such 
that the final concentration of HuCC49 and HuCC49ACH2 were 

10 pUM. The reaction mixtures were then incubated at 37~ for 
4 h and purified using a Centricon 30 concentrator (Amicon 
Inc., Beverly, MA) The samples were added to the Centricon 30, 
diluted to 2.0 ml with 0.1 m NH4OAc (pH 5.5), and centrifuged. 
This was repeated three times, the conjugates collected, and 
stored at 4~ until needed. 177LuC13 (initial specific activity = 
--4,000 Ci/mmol) was produced and purified at the University 
of Missouri-Columbia Research Reactor. The 177LUC13 was 
converted to lV7Lu-acetate using a 10-fold dilution with 0.1 M 
NH4OAc (pH 5.5) and was added to the PA-DOTA-NCS con- 
jugates. The reaction mixtures were incubated for 30 min at 
37~ and purified using a BioSpin 6 chromatography column 
(Bio-Rad Laboratories) equilibrated with 0.1 M NH4OAc (pH 
5.5). The purity of the radiolabeled conjugates was determined 
by size-exclusion HPLC as described above. 

Immnnoreactivity Assay of Radiolabeled Antibodies. 
The immunoreactivity of radiolabeled antibody preparations 
was measured using BSM (Sigma Chemical, St. Louis, MO) 
coated beads. The BSM was immobilized onto a solid support 
(6.2-ram polystyrene beads, Precision Plastic Ball, Franklin 
Park, IL) at a concentration of 10 lug of BSM per bead. The 
radiolabeled mAbs were prepared at 10 ng/ml in 1% BSA in 
PBS and added in duplicate (100 Ixl) to a 12 • 75-ram glass test 
tube containing a single BSM bead in the absence and presence 
of increasing concentrations of unlabeled mAb. The tubes were 
counted in a gamma scintillation counter and incubated for 1 h 
at room temperature over a laboratory oscillator. The BSM 
beads were washed with 4 ml of PBS, and the radioactivity 
remaining in each tube was measured. The total percent radio- 
activity bound to the BSM beads was calculated, and the inverse 
of % binding was plotted versus the inverse of the concentration 
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of unlabeled mAbs. The inverse of the Y-intercept was deter- 
mined as % immunoreactive fraction. 

Radiolabeled Antibody Biodistribution Studies. 
BALB/c athymic nude mice (National Cancer Institute Fred- 
erick Research Laboratory, Frederick, MD) were implanted i.p. 
with 1 • l0 s LS174T cells followed by an i.p. injection of 2 
p~Ci of 131I-HuCC49 or ~31I-HuCC49ACH2 8 days later. The 

mice were then killed 24 h after the injection of the radiolabeled 
antibodies. The tumor, blood, kidney, liver, spleen, heart, lung, 
stomach, small intestine, skin, bone, peritoneal lining, uterus, 
pancreas, and muscle were removed and weighed, and the 
activity was counted in a gamma counter. Similarly, mice were 
given injections i.p. of 2 voCi of ~TYLu-PA-DOTA-HuCC49 or 
177Lu-PA-DOTA-HuCC49ACH2 8 days after tumor cell inocu- 
lation and were killed 24 h after the injection of the radiolabeled 
antibodies. The tissues were harvested and counted as described 
above. 

Radiolabeling of TETA-Octreotide with 64Cuo TETA 
(Aldrich Chemical Co., Milwaukee, WI) was conjugated to 
octreotide as described previously (27). 64CuC12 (initial specific 
activity = --5,000 Ci/mmol) was produced and purified at the 
University of Missouri-Columbia Research Reactor and was 
used to label TETA-octreotide as described previously (27). 
Briefly, the TETA-octreotide was mixed with 64Cu-acetate in 
0.1 M NH4OAc buffer (pH 5.5) and was incubated at room 
temperature for 1 h. Gentisic acid (1 rag/m1) was added to the 
mixture to reduce the effects of radiolysis. Reaction products 
were purified using a C-18 SepPak. The mixture was added to 
the SepPak, rinsed with 5 ml of 0.1 M NH4OAc (pH 5.5) to 
remove uncomplexed 64Cu, and rinsed with ethanol to elute the 
64Cu-TETA-octreotide product. Purity was confirmed by re- 
verse-phase HPLC and TLC. 

Competitive Binding Assay. A427 lung and SKOV3.ipl 
ovarian cancer cells were maintained in DMEM containing 10% 
fetal bovine serum, were cultured at 37~ in a humidified 
atmosphere with 5% CO 2, and were seeded so that they were 

80% confluent at the time they were infected. The A427 cells 
were infected at 0 and 10 pfu/cell with AdSSTr2, whereas the 
SKOV3.ipl cells were infected with 0 and 100 pfu/cell of 
AdSSTr2 because they are less easily transduced (16). The cells 
were grown for 48 h and then were harvested to form membrane 
preparations as described previously (16). The membrane prep- 
arations were then diluted with buffer [10 mM HEPES, 5 m s  
MgC12, 1 m s  EDTA, 0.1% BSA, 10 ~g/ml leupeptin, 10 p,g/ml 
pepstatin, 0.5 Ixg/ml aprotinin, and 200 ~xg/ml bacitracin (pH 
7.4)] to 0.5 mg/ml. One hundred txl (50 Ixg) of membrane 
preparation were added to Multiscreen Durapore filtration plates 
(type FB, 1.0-1xm borosilicate glass fiber over 1.2-~m Durapore 
membrane, Millipore, Bedford, MA) in triplicate and washed 
with buffer [10 InM HEPES, 5 mM MgC12, 1 m s  EDTA, and 
0.1% BSA (pH 7.4)]. One hundred txl of ('4Cu-TETA-octreotide 
(0.05 riM) were added to each well and were incubated for 90 
rain at room temperature. The samples were then washed twice 
with ice-cold buffer, the filters were allowed to dry, and the 
individual wells were punched out and counted in a gamma 
counter. Nonspecific binding was assessed using a 1000-fold 
molar excess of octreotide to inhibit the binding of 64Cu-TETA- 
octreotide. 

64Cu-TETA-Octreotide Biodistribution Studies. Bio- 
distribution studies were performed in groups of 5 athymic nude 
mice bearing i.p. SKOV3.ipl tumors. SKOV3.ipl cells (2 • 
107) were injected i.p. into the mice. After 5 days, AdSSTr2 (1 • 
109 pfu) was injected i.p. followed by the i.p. administration of 
64Cu-TETA-octreotide (2 p~Ci) 2 days later. The animals were 
killed 4 or 18 h after the injection of the radiolabeled peptide; 
the blood, lungs, liver, small intestine, spleen, kidney, bone, 
pancreas, tumor, peritoneal lining, and uterus were removed and 
weighed, and the radioactivity was counted in a gamma counter. 
Also, in a separate experiment, mice received 1 • 109 pfu of a 
control adenovirus (AdLacZ) or 1 • 10 9 pfu of AdSSTr2 to 
demonstrate the specificity of 64Cu-TETA-octreotide localiza- 
tion. In another experiment, 64Cu-TETA-octreotide was admin- 
istered 2 or 4 days after AdSSTr2 injection followed by the 
killing of the animals 4 h after the injection of the radiolabeled 
peptide. A pharmacokinetic analysis was also performed by 
administering 64Cu-TETA-octreotide 2 days after the AdSSTr2 
injection, then killing the mice at 30 rain and 2, 4, 6, 16, 18, 24, 
and 36 h later, and counting the tissues in a gamma counter. The 
tumors were approximately 0.1 g in size and consisted of one 
nodule with no visible ascites. 

Statistical Analysis. The Wilcoxon rank-sum test was 
used to compare the uptake of radiolabeled HuCC49 and 
HuCC49ACH2 antibody in tumor and normal tissues as well as 
the tumor:blood ratios for both 131I- and ~77Lu-labeled antibod- 
ies. The Wilcoxon signed-rank test was used to compare the 
amount of 64Cu-TETA-octreotide uptake within tissues in the 
various studies. The median localization as well as the 25th and 
75th percentile were used to summarize the central tendency and 
variability for each tissue, by group, for each experiment. 

Results  
Radiolabeling of mAbs and Immunoreactivity. The 

specific activities of HuCC49 and HuCC49ACH2 labeled with 
1311 were both - 6  mCi/mg. The specific activities of 177Lu-PA- 
DOTA-HuCC49 and ~77Lu-PA-DOTA-HuCC49ACH2 were 
both --0.6 mCi/mg. All of the radiolabeled conjugates were 
shown to be >95% pure by gel-filtration-size exclusion HPLC. 
The immunoreactivity of 131I-HuCC49 and ~31I-HuCC49ACH2 
were both --67%. The immunoreactivity of the 177Lu-HuCC49 
conjugate was 45%, compared with 35% for the 177Lu- 
HuCC49ACH2 conjugate. 

Biodistribution Studies of Radiolabeled MAbs. The 
tumor localization and biodistribution of ~3~I- or ~77Lu-la- 
beled HuCC49 and HuCC49ACH2 were determined in groups 
of 4 -5  athymic nude mice bearing LS174T human colon i.p. 
tumor nodules (0.1-0.4 g) at 24 h after injection (Tables 1 
and 2). The median tumor concentrations for 13ti- and 177LH- 
HuCC49 and 13JI- and 177Lu-HuCC49ACH2 were 5.2, 7.9, 
5.5, and 9.4% ID/g, respectively (Tables 1 and 2), and did not 
differ (P = 0.16). The respective blood concentrations for 
131I-HUCC49 and 131I-HuCC49ACH2 were 0.8 and 0.2% ID/g 

(P = 0.016), whereas the respective blood concentrations for 
177Lu-HuCC49 and 177Lu-HuCC49ACH2 were 0.4 and 0.2% 
ID/g (P = 0.016). The tumor:blood ratios for 177Lu-HuCC49 
and 177Lu-HuCC49ACH2 were 19.4 and 60.2, respectively 
(P = 0.016), whereas the tumor:blood ratios for 131I-HuCC49 
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Table 1 Biodistribution of ~3~1-HuCC49 and 13q-HuCC49ACH2 
labeled by the IodoGen technique in groups of four to five athymic 
nude mice bearing i.p. LS174T human colon cancer xenografts at 

24 h after i.p. injection 

13LI_HuCC49 ~ 131I_HuCC49ACH2 ~ 
Tissue (% ID/g) (% ID/g) U 

Tumor 5.2 (2.7-7.3) 5.5 (4.0-5.5) 1.000 
Blood 0.8 (0.7-0.9) 0.2 (0.2-0.2) 0.016 
Kidney 0.6 (0.5-0.7) 0.6 (0.3-0.6) 0.413 
Liver 10.7 (8.4-11.5) 8.4 (3.5-15.1) 0.905 
Spleen 1.5 (1.1-1.9) 1.5 (0.8-1.6) 0.976 
Heart 0.3 (0.3-0.3) 0.1 (0.1-0.2) 0.079 
Lung 1.0 (0.5-1.6) 0.5 (0.3-1.2) 0.556 
Stomach 1.7 (1.5-1.7) 1.6 (1.6-1.9) 1.000 
Small intestine 0.4 (0.3-0.6) 0.4 (0.3-0.5) 0.905 
Skin 0.4 (0.4-0.4) 0.2 (0.2-0.2) 0.016 
Bone 0.4 (0.4-0.5) 0.7 (0.4-1.0) 0.318 
Peritoneal lining 2.1 (1.0-3.0) 1.5 (0.4-3.2) 1.000 
Uterus 2.6 (1.8-3.9) 2.5 (2.2-4.1) 0.905 
Pancreas 1.5 (1.4-2.0) 2.7 (2.2-3.1) 0.286 
Muscle 0.2 (0.2--0.3) 0.2 (0.2-0.2) 0.389 

Median with interquartile range in parentheses for four mice. 
b Median with interquartile range in parentheses for five mice. 
~ Comparison of 131I-HUCC49 versus 131I-HuCC49ACH2 via Wil- 

coxon rank-sum test. 

Table 2 Biodistribution of a77Lu-PA-DOTA-HuCC49 and 177Lu-PA- 
DOTA-HuCC49ACH2 in groups of four to five athymic nude mice 
bearing i.p. LSl74T human colon cancer xenografts at 24 h after 

i.p. injection 

Tissue 
177Lu_HuCC49~z 

(% ID/g) 
J 77Lu-HuCC49ACH2/' 

(% ID/g) pc 

Tumor 7.9 (6.6-9.3) 9.4 (5.8-14.3) 0.905 
Blood 0.4 (0.3-0.5) 0.2 (0.1-0.2) 0.016 
Kidney 2.2 (1.9-2.2) 5.8 (4.5-9.3) 0.016 
Liver 6.4 (4.3-7.2) 9.2 (5.6-19.0) 0.730 
Spleen 1.8 (1.4-2.9) 4.0 (2.5-8.5) 0.191 
Heart 0.5 (0.4-0.6) 0.5 (0.4-0.7) 0.952 
Lung 1.2 (1.2-1.8) 0.9 (0.8-1.4) 0.191 
Stomach 1.2 (1.1-1.2) 0.6 (0.5-0.9) 0.167 
Small intestine 0.6 (0.6-0.7) 0.9 (0.4-1.5) 1.000 
Skin 0.5 (0.4-0.5) 0.3 (0.2-0.5) 0.286 
Bone 1.7 (1.4-1.8) 2.2 (1.1-4.5) 0.730 
Peritoneal lining 9.9 (6.4-10.3) 10.0 (8.1-14.5) 0.413 
Uterus 3.3 (3.1-3.7) 4.2 (2.7-6.3) 0.556 
Pancreas 3.8 (2.4-3.8) 4.7 (3.9-5.9) 0.191 
Muscle 0.5 (0.4-0.6) 0.4 (0.3-0.5) 0.373 

" Median with interquartile range in parentheses for five mice. 
b Median with interquartile range in parentheses for four mice. 
c Comparison of 177Lu-HuCC49 versus 177Lu-HuCC49ACH2 via 

Wilcoxon rank-sum test. 

and 131I-HuCC49ACH2 were 6.2 and 27.4, respect ively (P = 
0.016). The uptake of  J3~I-HuCC49 and 131I-HuCC49ACH2 

in kidney (0.6 and 0.6% ID/g), l iver (10.7 and 8.4% ID/g), 
spleen (1.5 and 1.5% ID/g), and other normal  tissues were  
similar (P > 0.079), except for skin (0.4 and 0.2% ID/g). The 
uptake of 177Lu-HuCC49ACH2 in k idney (5.8% ID/g) was 
higher than for 177Lu-HuCC49 (2.2% ID/g; P = 0.016), 

whereas the uptake in liver (9.2 and 6.4% ID/g, respect ively)  
and spleen (4.0 and 1.8% ID/g, respectively)  of the two mAbs 
were similar (P = 0.730 and P = 0.191, respectively).  In a 
repeat study, the k idney uptake of J77Lu-HuCC49ACH2 
(3.0% ID/g) was lower  than 177Lu-HuCC49 (5.7% ID/g) at 

24 h after inject ion (data not shown).  Our hypothesis  is that 
the difference may have been due to a different  PA-DOTA:  
mAb molar  ratio. The uptake in other normal  tissues of 
177Lu-HuCC49 and ~77Lu-HuCC49ACH2 did not differ (Ta- 

ble 2). Furthermore,  as determined by immunohis to logy ,  the 
intratumor distribution of the HuCC49ACH2 was much  more 
uniform than the surface distribution of HuCC49 at 4 h after 
injection. 4 

Competitive Binding  Assay. Membrane preparations 
from A427 cells infected with 10 pfu/cell AdSSTr2 or from 
SKOV3.ipl  cells infected with 100 pfu/cell AdSSTr2 demon- 
strated 37% and 20% binding, respectively, of 64Cu-TETA- 
octreotide, compared with < 1.0% binding with uninfected cells 
or infected cells blocked with an excess of unlabeled octreotide 
(Fig. 1). 

64Cu-TETA-Oetreotide Biodistribution Studies. Tu- 
mor localization and pharmacokinetics of 64Cu-TETA-oct- 

reotide was investigated in mice bearing i.p. SKOV3. ipl  human 
ovarian tumors induced to express SSTr2 with AdSSTr2.  Mice 

4 B. E. Rogers and D. J. Buchsbaum, unpublished observations. 

bearing i.p. SKOV3. ip l  tumors infected with 1 • l09 pfu 
AdSSTr2 or AdLacZ  5 days after tumor cell inoculation, fol- 

6 4  lowed by i.p. injection of Cu-TETA-octreotide 2 days later, 
had median (25-75th percentile range) tumor uptakes of 11.4 
(range, 7.6-17.0)  % ID/g and 1.6 (range, 1.6-1.8) % ID/g, 
respectively (P = 0.002), at 4 h after 64Cu-TETA-octreotide 
administration (Fig. 2). A larger uptake of 64Cu-TETA-oct- 

reotide was also observed in the liver, small intestine, spleen, 
peritoneal lining, uterus, and pancreas of mice that received 
AdSSTr2 compared with mice given AdLacZ. This may be due 
to AdSSTr2 infection of these organs. Mice given AdSSTr2 had 
tumor:blood, tumor:kidney, and tumor:liver ratios of 27.3, 2.7, 
and 2.2, respectively, at 4 h after 64Cu-TETA-octreotide admin- 
istration. Mice given 64Cu-TETA-octreotide 2 or 4 days after 
i.p. injection of AdSSTr2 had similar median tumor uptake of 
11.2 (10.6-12.9) % ID/g and 16.4 (12.7-27.4) % ID/g, respec- 
tively (P = 0.076), 4 h later (Fig. 3). Other normal tissues also 
demonstrated similar uptake except for the blood, lung, liver, 
and bone, which had significantly greater uptake 4 days after 
AdSSTr2 administration than 2 days after administration (P < 
0.032). In a separate experiment, mice killed 4 or 18 h after the 

6 4  injection of Cu-TETA-octreotide showed a median tumor 
uptake of 24.3 (17.0-31.1)% ID/g at 4 h, which decreased to 4.9 
(2 .9-8 .0)% ID/g at 18 h (Fig. 4). Pharmacokinetic analysis 
demonstrated that clearance of 64Cu-TETA-octreotide from the 
tumor, blood, liver, and kidney was best fit using a two-com- 
partment model. The radioactivity cleared from a tumor with an 
o~ half-life of 1.2 h and a [3 half-life of 27.1 h. In contrast, blood 
demonstrated an initial clearance half-life of 0.3 h followed by 
the accumulation of radioactivity with a doubling time of 46.2 h. 
These studies demonstrated that 64Cu-TETA-octreotide local- 
ized in human ovarian tumors that were induced to express 
SSTr2 with AdSSTr2 in vivo. In addition, 64Cu-TETA-octreotide 
has been demonstrated to be useful in therapy studies, which 
indicates that it should have therapeutic efficacy in this human 
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OMOI 

10,100MOI 

10,100 MOI Block 

Fig. I Binding of 6 4 ~ u - ~ ~ ~ ~ - o c -  
treotide to A427 and SKOV3.ipl 
membrane preparations from cells 
that were either uninfected or in- 
fected with 10 or 100 pfulcell 
AdSSTr2. A427 cells were infected 
with 10 pfulcell, whereas 
SKOV3.ip 1 cells were infected 
with 100 pfulcell. Binding to in- 
fected cells was blocked using a 
1000-fold molar excess of unla- 
beled octreotide. Bar, the mean 
amount of 6 4 ~ u - ~ ~ ~ ~ - o c t r e o t i d e  
bound as a percentage of total ra- 
dioactivity added 2 SD (n 2 6). 

Fig. 2 Biodistribution of 
6 4 C u - ~ E ~ ~ - o c t r e o t i d e  in nude 
mice inoculated with 2 X lo7 
SKOV3.ipl human ovarian 
cancer cells i.p. Five days af- 
ter tumor cell inoculation, 
AdSSTr2 or AdLacZ was in- 
jected i.p., followed by i.p. ad- 
ministration of 6 4 ~ u - ~ ~ ~ ~ - o c -  
treotide 2 days later. Four h 
after radioligand injection, 
groups of mice were killed, and 
the organs were harvested and 
counted in a gamma counter. 
BL, blood; LU, lung; LI, liver; 
SI, small intestine; SP, spleen; 
KI, kidney; BO, bone; PL, peri- 
toneal lining; UT, uterus; PA, 
pancreas; TU, tumor. Bar, the 
median tissue concentration 
from a group of five animals 
with a range from the 25th to 
the 75th percentile. 

AdSSTR 

AdLacZ 

BL LU LI SI SP KI BO PL UT PA TU 
Tissue 

ovarian cancer model induced to express SSTr2 because of its 
high uptake in tumor and its comparable biological half-life in 
tumor (27.1 h) with the physical half-life of 6 4 ~ ~  (12.8 h). 

Discussion 
Problems regarding the slow clearance of radiolabeled intact 

mAbs from the blood and their inability to rapidly penetrate solid 
tumors needed to be addressed. Therefore, our group has focused 
on the use of a C H ~  domain-deleted mAb, which clears more 
rapidly from blood than intact mAb. The biodistribution data indi- 
cate that the use of HuCC49aC~2 antibody results in similar high 

i.p. tumor binding after i.p. injection relative to HuCC49 antibody, 
but a much more rapid clearance from blood resulting in a sub- 
stantially greater tumor:blood ratio. This was true for the 
HucC49AC~2 labeled with both 13'1 and 1 7 7 ~ ~ .  These data sug- 
gest that the C H ~  domain-deleted antibody will be more therapeu- 
tically efficacious than the intact mAb in future therapy studies. 

The tumor uptake of the '77~u-labeled mAbs may be 
improved further by increasing their immunoreactivity. This 
may be accomplished by adjusting the PA-DOTA-NCS to mAb 
molar ratio. It is likely that the antigen-binding site of the mAbs 
was damaged with PA-DOTA-NCS by using the 4.5:l molar 
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Fig. 3 Biodistribution of 6 4 C u - ~ ~ ~ ~ -  
octreotide in nude mice inoculated with 
2 X 10' SKOV3.ipl human ovarian 
cancer cells i.p. Five days after tumor 
cell inoculation, AdSSTr2 was injected 
i.p., followed by i.p. administration of 
h 4 ~ u - ~ ~ ~ ~ - o c t r e o t i d e  2 or 4 days later. 
Four h after radioligand injection, 
groups of mice were killed, and the or- 
gans were harvested and counted in a 
gamma counter. Bar, the median tissue 
concentration from a group of five ani- 
mals with a range from the 25th to the 
75th percentile. Abbreviations are de- 
fined in Fig. 2. 

BL LU LI SI SP KI BO PL UT PA TU 
Tissue 

1 Fig. 4 Biodistribution of 6"u- 
TETA-octreotide in nude mice inoc- 
ulated with 2 X lo7 SKOV3.ipl hu- 
man ovarian cancer cells i.p. Five 
days after tumor cell inoculation, 
AdSSTr2 was injected i.p., followed 
by i.p. administration of 6 4 C u - ~ ~ T ~ -  
octreotide 2 days later. Four and 18 h 
after radioligand injection, groups of 
mice were killed, and the organs were 
harvested and counted in a gamma 
counter. Each bar, the median tissue 
concentration from a group of 5-15 
animals with a range from the 25th to 
the 75th percentile. Abbreviations are 
defined in Fig. 2. 

I I I I I I I I I I I 
BL LU LI SI SP KI BO PL UT PA TU 

Tissue 

ratio described. Lowering this ratio to 1: 1 increased the immu- 
noreactivities of the mAbs to 55-60% and did not significantly 
decrease the radiolabeling efficiencies (data not shown). The 
median tumor uptake of ' " I -HUCC~~  and l 3  1 ~ - ~ u ~ ~ 4 9 A ~ ~ 2  
were 5.2 and 5.5% ID/g, respectively (Table 1). Previous studies 
have not investigated the tumor uptake of radioiodinated 
HuCC49 and HuCc49AC~2 injected i.p. into mice bearing i.p. 
LS174T tumors. Slavin-Chiorini et. al. (24) investigated the 
tumor uptake of radioiodinated HuCC49 and HuCC49aC~2 

injected either i.p. or i.v into mice bearing s.c. LS 174T tumors. 
They showed tumor uptake of radioiodinated HuCC49 and 
HucC49AC~2 of 9.0 and 11.1% IDIg, respectively, after i.v. 
injection and 5.8 and 5.4% ID/g, respectively, after i.p. injec- 
tion. Comparison of these results to those obtained in this study 
are difficult because of the different animal models used (i.p. 
versus. S.C. LS 174T tumors). 

We also have focused on using adenoviral vectors to in- 
crease the expression of target receptors on tumors. These 

Research. 
on October 30, 2017. © 1999 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

http://clincancerres.aacrjournals.org/


3054s Targeting Strategies 

receptors can then be targeted with radiolabeled peptides, which 

should overcome the problems associated with the intact radio- 
labeled mAbs discussed above. In the present study, we found 

that A d S S T r 2  can mediate the expression of SSTr2 in human 

tumor cell lines in vitro using a competitive binding assay with 
64Cu-TETA-octreotide as the radioligand. Previously, we re- 

ported that AdSSTr2- in fec ted  A427 and SKOV3.ipl  cells ex- 

press SSTr2 at --1000 and --150 fmol/mg membrane prepara- 
tion, respectively (16). In addition, Anderson et al. (20, 27) 
demonstrated that 64Cu-TETA-octreotide binds with high affin- 

ity to SSTr2-expressing cells. The AdSSTr2  was then used to 
induce the expression of SSTr2 in a mouse model of human 

ovarian carcinoma. This demonstrated good tumor uptake of 
64Cu-TETA-octreotide (11.4% ID/g) compared with the results 

when the control A d L a c Z  virus was given (1.6% ID/g; Fig. 2). 

However, there was also normal tissue uptake of 64Cu-TETA- 

octreotide after the injection of AdSSTr2 .  This could be due to 
the transduction of tumor that metastasized to these tissues or 
the transduction of these tissues with AdSSTr2 .  The latter prob- 
lem may be overcome by using adenoviral "targeting" strategies 
discussed below. It was also shown that the tumor uptake of 
64Cu-TETA-octreotide at 4 h was similar at both 2 and 4 days 
after AdSSTr2  injection (Fig. 3). This is significant because it 
illustrates that fractionated doses of 64Cu-TETA-octreotide can 

be administered over a 2 - 4  day period after A d S S T r 2  injection. 
Finally, the retention of 64Cu-TETA-octreotide in the tumor 
over time is illustrated in Fig. 4 and by the pharmacokinetic 
results which show that the 64Cu-TETA-octreotide remained in 
the tumor long enough ([3 half-life = 27.1 h) to achieve good 
dose deposition from the short-lived 64Cu (12.8 h). 

The GRITS approach can potentially be improved upon by 
targeting adenoviral vectors specifically to tumor cells so that 
the transduced receptor is not expressed on normal tissues. This 
would result in higher tumor:normal tissue radiolabeled peptide- 
uptake ratios. Limiting receptor expression to tumor sites can be 
accomplished by retargeting vectors to tumor-specific receptors 
(transductional targeting) via genetic or immunological  methods 
(28-36),  which can result in increased gene transfer (30, 32-  
34), or by using tumor-specific regulatory sequences to control 
gene expression after viral infection (transcriptional targeting; 
Ref. 37). 

Of key interest are the findings that radiolabeled 
HuCC49ACH2 and octreotide had higher tumor:blood ratios and 
shorter half-lives in blood than radiolabeled antibodies, which 
should result in less bone marrow toxicity than experienced with 
radiolabeled antibodies. It is important to note that the high 
tumor uptake of the radiolabeled octreotide resulted from the 
use of a novel gene transfer strategy to induce high levels of 
somatostatin receptor on the tumor cells. Because of the high 
tumor uptake and the much more rapid clearance from blood of 
specific radiolabeled CH2 domain-deleted mAbs and octreotide 
compared with intact mAbs, these novel targeting strategies 
show promise for improved cancer RIT. 
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