5. DeNardo SJ. Macey DÃ¬,DeNardo GL. A direct approach for determining marrow
radiation from MoAb therapy. In: Dcnardo GL. ed. Biology of radionuclide therapy.
Washington, D.C.: American College of Nuclear Physicians. 1989:110-124.
6. Sgouros G. Bone marrow dosimetry for radioimmunotherapy: theoretical consider
ations. J Nud Med 1993:34:689-694.
7. Siegel JA. Lee RE, Pawlyk DA. Sacral scintigraphy for bone marrow dosimetry in
radioimmunotherapy. NucÃ-Med Biol 1989:16:553-559.
8. DeNardo GL, DeNardo SJ, Macey DJ, Shen S, Kroger LA. Overview of radiation
myelotoxicity secondary to radioimmunotherapy using ull-Lym-l as a model. Cancer
1994;73:!038-1048.
9. Macey DJ, DeNardo SJ. DeNardo GL, DeNardo DA. Shen S. Estimation of radiation
absorbed doses to the red marrow in radioimmunotherapy. Clin NucÃ-Med 1995;20:
117-125.
10. Siegel JA. Lee RE. Pawlyk DA. Horowitz JA, Sharkey RM. Goldenberg DM. Sacral
scintigraphy for bone marrow dosimetry in radioimmunotherapy.
Ini J Rad Appi
Insirum [B] 1989:16:553-559.
11. Buijs WC, Bassuger LF. Ciaessens RA, et al. DosimetrÃ¬eevaluation of immunoscintigraphy using indium-111-labeled monoclonal antibody fragments in patients with
ovarian cancer [Abstract]. J NucÃ-Med 1992:33(suppl):l l I3P.
12. Juweid M. Sharkey RM, Siegel JA. Estimates of red marrow dose by sacral
scintigraphy in radioimmunotherapy patients having non-Hodgkin's lymphoma and
diffuse bone marrow uptake. Cancer Res I995;55(suppl):5827-5831.
13. Epstein AL, Zimmer AM. Spies SM, et al. Radioimmunodetection of human B-cell
lymphomas with a radiolabeled tumor-specific monoclonal antibody (Lym-1). In:
Cavalli F, Bonadonna G, Rozencweig GM, eds. Malignant lymphomas and Hodgkin 's

disease: experimental and therapeutic advances. Boston, MA: Martinus Nijhjoff,
1985:569-577.
14. Snyder WS. Ford MR, Warner GC. "S" absorbed dose per unit cumulated activity for
selected radionuclides and organs. In: MIRD pamphlet II. New York: Society for
Nuclear Medicine, 1978.
15. Brodsky. A. CRC handbook of radiation measurements and protection, section A,
volume II: biological and mathematical information. CRC Press, 1982:148-150.
16. Tubiana M, Frindel E, Croizat H, Parmentier C. Effects of radiations on bone marrow.
Palhol Biol 1979;27:326-334.
17. Juweid M. Factors affecting myelotoxicity in patients receiving radioimmunotherapy
with ml-labeled anti-CEA monoclonal antibodies. Cancer 1997:in press.
18. MorrÃ E. Lazzareno M. Orlandi E, et al. Bone marrow and blood involvement by
non-Hodgkin's lymphoma: clinicopathologic features and prognostic significance in

19.
20.
21.

22.

relationship to the working formulation. In: Cavalli F. Bonadonna G. Rozencweig M,
eds. Malignant lymphomas and Hodgkin 's disease: experimental and therapeutic
advances. Boston: Martinus Nijhoff Publishing: 1985:215-224.
Tardivon AA, Munck J-N, Shapeero LG, et al. Can clinical data help to screen patients
with lymphoma for MR imaging of bone marrow? Ann Oncol 1995:6:795-800.
Stein R. Sharkey RM, Goldenberg DM. Hematological effects of radioimmunotherapy
in cancer patients. Br J Haematol 1992:80:69-76.
Breitz HB, Durham JS, Fisher DR, Weiden PL. Radiation dose estimates to normal
organs following intra-peritoneal Re-186-labeled monoclonal antibody: methods and
results. Cancer Res 1995;55(23S):5817-5822.
Kassis AL. The MIRD approach, remembering the limitations. J NucÃ-Med 1992:33:
781-782.

Tumor Pretargeting: Role of Avidin/Streptavidin on
Monoclonal Antibody Internalization
Patrizia Casalini, Elena LuisÃ³n, Sylvie MÃ©nard,Maria I. Colnaghi, Giovanni Paganelli and Silvana Canevari
Oncologia Sperimentale E, istituto Nazionale Tumori, and Medicina Nucleare, Istituto Europeo di Oncologia, Milan, Italy

Radioimmunodetection of tumor can be improved by introducing a
two-step system in which radiolabeled streptavidin is administrated
after the injection of a biotinylated monoclonal antibody (MAb)
(two-step) or radiolabeled biotin is injected after biotinylated MAb
and avidin (three-step). The anti-carcinoembryonic antigen (CEA)
MAb FO23C5 has been recently exploited in a three-step protocol
based on the avidin-biotin system. The anti-folate receptor (FR)
MAb MOv18 has proven suitable for radioimmunodetection of
ovarian cancer using directly radiolabeled MAb or in a two-step
method. In this study, we analyzed the suitability of MOv18 in a
three-step protocol in ovarian carcinoma patients and the internalization events after formation of the MOv18-avidin complex.
Methods: Selected patients with documented metastatic lesions
were enrolled in a three-step radioimaging analysis with biotinylated
MOv18 and FO23C5, avidin and 111In-labeled biotin. Two-step
internalization experiments were conducted in vitro with MOv18 and
MOv19 MAbs on the FR-overexpressing IGROV1 cell line and with
the anti-CEA MAb FO23C5 on the LS174T cell line. Cells were
incubated sequentially with biotinylated MAb and 125l-labeled
streptavidin or with 125l-biotinylated MAb and cold streptavidin.
Results: In the in vivo study, SPECT revealed the majority of
metastatic lesions in patients injected with biotinylated MOv18;
however, the tumor-to-background ratio was relatively low. In the in
vitro study, a consistent internalization was induced by antigenbiotinylated MAb-streptavidin complex formation at the cell surface
in both antigenic systems analyzed. However, the extent of internal
ization was lower in the CEA model. Conclusion: The internalization
ability of avidin suggests its potential clinical application for deliver
ing toxic agents in a two-step approach (biotinylated MAb + avidin
conjugate). The suitability of a given MAb for three-step clinical
applications (biotinylated MAb + avidin + biotin) should be previ
ously investigated by using appropriate in vitro experiments.
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Jlhe avidin/streptavidin-biotin
complex has become an ex
tremely useful and versatile detection intermediate in a variety
of biological and analytical systems (1-3). Its high binding
affinity (10~15 M) ensures binding at extremely low reagent
concentrations and binding stability even under extreme condi
tions (4). Recently, the use of this system has been extended to
include in vivo procedures such as radioimmunodetection
(RID) (5-8). Radiolocalization studies have shown that targetto-nontarget radioactivity ratios and radioimaging analyses can
be significantly improved by introducing a two-step or threestep system in which radiolabeled avidin or streptavidin is
administered after the injection of a biotinylated ligand or
radiolabeled biotin is injected after a streptavidin-conjugated
antibody or an avidin chase of unbound ligand (9-12). The
advantages and limitations of the two methods are described
elsewhere (13,14). The avidin-biotin system, applied to RID,
allows the use of short-half-life radionuclides and has been
shown to enhance the applicability and effectiveness of radioimmuno-guided surgery (10). However, in this system, the
three-step approach is feasible only when the ligand-avidin
complex is still present on the membrane at the time that
radiolabeled biotin is administered.
The major area of clinical application of the avidin-biotin
complex is the detection of tumor markers bound by monoclo
nal antibodies (MAbs). Several markers of human carcinomas
have been identified so far, and some of them have been
exploited in RID and radioimmunotherapy, based on the tumorrestricted and homogeneous overexpression of these markers
(15,16). The folate receptor (FR), which is recognized by MAbs
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TABLE 1
Summary of Radioimmunolocalization Data

MAbMOv18

of
cases15

Patients

ratio
(range)9-30

et al. (21)
Three-step
1.7-3
This study
4
Three-stepThree-stepNo.
5.5-128-10Ref.Paganelli
1087T-to-BKG
Paganelli et al. (7)
FO23C5MethodTwo-step
Paganelli et al. (28)
This study

MOvlS and MOvl9 (17,18), has proven suitable for RID and
radioimmunotherapy using directly radiolabeled MAb (19,20).
The use of MOvlS in a two-step method using biotinylated
MAb followed by radiolabeled streptavidin gave excellent
results (21) because the MAb is not readily internalized (22).
Preliminary data in a three-step protocol with MAb MOvlS
gave rise, in ovarian carcinoma patients, to weaker imaging
compared to the results with the two-step method. Although
differences in pharmacokinetic must be considered with differ
ent antibodies, we addressed the question of whether this
difference was also due, in our three-step method, to induction
of internalization events after formation of the MAb-avidin
complex. Here, we describe in vitro internalization studies with
the two anti-FR MAbs, MOvlS and MOvl9, and the anti-CEA
MAb FO23C5 (23).
MATERIALS AND METHODS
Reagents

MAb MOvl8 (IgGl) and FO23C5 (IgGl) were provided for
clinical use; MAb MOvl9 (IgG2a) was purified from culture
supernatants by protein A affinity chromatography. The MAbs
were biotinylated essentially as described (7) by SocietÃ Prodotti
Antibiotici (Milan, Italy).
Pure hen egg avidin and streptavidin were obtained from SocietÃ
Prodotti Antibiotici; 125I-labeled streptavidin (specific activity, 40
ju.Ci//xg) was purchased. Diethylenetriaminepentaacetic acid-con
jugated biotin was purchased and radiolabeled as described (7).

Eleven patients with documented metastatic lesions of ovarian
(FR-overexpressing; four patients) or CEA-overexpressing cancer
(seven patients) were enrolled in the study after informed written
consent was obtained.
The three-step protocol was performed essentially as described
(7) but with an optimized timing of injection. Briefly, tumor
pretargeting was performed as follows: 2 mg of biotinylated MAb
was injected intravenously (first step), followed 36 hr later by a
double injection of 2 mg of avidin (chase) plus 5 mg streptavidin
over 10 min (second step), followed 24 hr later by a third injection
of "'in-labeled biotin (third step). Images were acquired with a
40-cm circular field rotating gamma camera equipped with a
high-energy collimator and by selecting two 15% energy windows
centered over the 173 and 247 keV photopeaks of '"in. Wholebody images in anterior and posterior views were collected by
SPECT (64 X 64 pixel matrix; 64 projections over 360Â°)2 hr after
the '"in-labeled biotin injection.
In Vitro Study

Experiments were conducted with the FR-expressing human
ovary carcinoma cell line IGROV1, in the cases of MOvlS and
MOvl9, and with the CEA-expressing human colon carcinoma
LS174T, in the case of FO23C5. Cells were maintained in vitro,
and the assays were conducted essentially as described (22).
Evaluation of Iodine-125-Labeled Streptavidin Internalization.
Live cells were incubated for 1 hr at 37Â°Cwith cold biotinylated
MAb (0.2 nM, in the case of MOvlS and MOvl9, and 7 nM, in the
case of FO23C5) or with medium alone as control and, after
removal of unbound antibody, incubated at 37Â°Cwith equimolar
concentrations of 125I-labeled streptavidin. At various time inter
vals, duplicated aliquots of 200,000 cells were harvested, washed
and assessed for total cell-associated radioactivity in a y counter.
Cells were incubated for 20 min at room temperature with 1 ml of
50 mMglycine-HCl/100 mMNaCl, pH 2.8. This treatment, known
to dissociate antigen-antibody complex, allowed a discrimination
between externally bound and internalized antibody (24). After
washing, cells were assessed for residual radioactivity, and the
percentage of internalization was evaluated (residual/total). The
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FIGURE 1. Three-step SPECT scan of
carcinoma patients with liver metastasis
injected with biotinylated MAb and re
corded 2 hr after injection of111In-labeled
biotin. Planar whole-body images are
represented in anterior and posterior
views. (A) Ovarian carcinoma patient in
jected with anti-FR MAb MOv18; (B)
breast cancer patient studied according
to the same protocol as in A but using
anti-CEA MAb FO23C5 as the first step.
K, kidneys; M, metastasis.
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FIGURE 2. Time course of biotinylated MAb intemalization. (A-C) Mean intemalization of 125l-labeled streptavidin-MAb complexes in 2-5 experiments; error
bars (intra-assay variability) represent s.e. (Insets) lodine-125-biotinylated MAb intemalization; the percentage intemalization was evaluated in the presence
(solid line) or in the absence (dashed line) of cold streptavidin; error bars (inter-assay variability) represent s.d. (A) MAb MOv18 with IGROV1 cells; (B) MAb
MOv19 with IGROV1 cells; (C) MAb FO23C5 with LS174T cells.

differences between measurements of each time interval were
statistically evaluated by Student's t-test.
Evaluation of Iodine-125-Labeled MAb Intemalization, Parallel
experiments run under the conditions described above were con
ducted with directly 125I-radiolabeled MAbs and cold streptavidin.
The biotinylated MAbs were radiolabeled using the lactoperoxidase method (22) to a final specific activity of 8 /u,Ci/ju,g.The
differences between presence or absence of cold streptavidin and
between each time interval were statistically evaluated by Stu
dent's t-test.
RESULTS
In Vivo Study

Due to its suitable pharmacokinetics (19), similar to those of
isotype-matched MAbs, and to its excellent localization ability
in a two-step method (Table 1), anti-FR MOvlS MAb seemed
to be a good candidate for the three-step approach. Four ovarian
carcinoma patients with known metastatic lesions were in
cluded in a three-step protocol imaging study. Although the
lesions could be visualized in all of them, the resolution of
imaging was lower [range of tumor (T)-to-normal tissue (BKG)
ratios, 1.7-3] than that expected, based on the two-step protocol
study (Table 1). Patients with similar metastatic lesions were
studied with the same administration protocol using the antiCEA FO23C5 MAb, which has been successfully applied in
three-step RID (Table 1). The imaging acquired in seven
patients and analysis by means of region of interest confirmed the
good RID ability of FO23C5 (range of T-to-BKG ratios, 8-10).
An example of a SPECT scan of an ovarian carcinoma patient
recorded after injection in the first step of MOvlS MAb is
shown in Figure 1A. Indium-111-labeled
biotin is rapidly
excreted through the kidneys and is also pathologically accu
mulated (T-to-BKG ratio, 3) in the right lobe of the liver where
metastatic ovarian carcinoma was documented by ultrasound.
The hepatic lesions are better visualized in the tomographic
SPECT study (transaxial and coronal views). Figure IB shows
the SPECT scan of a breast carcinoma patient with a CEA1380

overexpressing tumor recorded after injection in the first step of
anti-CEA MAb FO23C5, as an example of good resolution by the
three-step protocol. Note the higher uptake (T-to-BKG ratio, 8) in
the liver metastatic lesions, both in planar and tomographic images.
In Vitro Study

To mimic the two-step protocol, cells were first incubated at
37Â°Cwith biotinylated MAbs and then with I25l-labeled strepta
vidin to follow the intemalization of the MAb-streptavidin
complex. In the absence of biotinylated MAbs, the spontaneous
intemalization of 125I-labeled streptavidin was negligible (less
than 1%). In the case of anti-FR MAbs, the addition of
125I-labeled streptavidin to cells pretargeted with biotinylated
MAbs induced significant intemalization of the MAb-strepta
vidin complex (p < 0.05). The uptake was nearly accomplished
after 30 min, with around 60% internalized 125I-labeled strepta
vidin (Fig. 2, A and B). In the case of biotinylated anti-CEA
MAb, the addition of 125I-labeled streptavidin induced a slow
but constant increase of intemalization that reached around 40%
after 4 hr of incubation. Again, the uptake increment was
significant (p < 0.05) only after the first time interval of
observation (Fig. 2C). The proposed mechanism of intemaliza
tion is a cell surface clustering of antigen-antibody complexes
after 125I-labeled streptavidin binding. To exclude the possibil
ity that the intracellular radioactivity detected reflects cellular
uptake of the 125I-labeled streptavidin per se after clustering and
not intemalization of the complex, the intemalization of I25Ibiotinylated MAbs after addition of cold streptavidin was
analyzed (Fig. 2, insets). In the absence of streptavidin, all three
MAbs induced less than 20% antigen-antibody complex internalization. After clustering of antigen-antibody complexes by
addition of cold streptavidin, the percent of intemalization was
significantly increased (p < 0.05) to over 60% in the case of the
two anti-FR MAbs (Fig. 2, A and B, insets) and around 40%
with anti-CEA MAb (Fig. 2C, inset). The kinetics were very
rapid even in the case of the anti-CEA MAb, and the small
differences in uptake over the time were not significant. These
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data confirmed the low intrinsic internalization
analyzed MAbs.

ability of the

DISCUSSION
Here we demonstrated that, when a two-step protocol was
applied in vitro, a consistent internalization was induced by
antigen-biotinylated MAb-streptavidin complex formation.
As a possible mechanism, we suggest that the homotetrameric structure of streptavidin causes a stable antigen
clusterization, which occurs very rapidly due to the extremely
high affinity of the streptavidin subunits for biotin (3). In those
models in which antigen cross-linking is a crucial step in the
cellular internalization, it will rapidly take place. However, this
phenomenon takes place to different extents, depending on the
antigenic system examined.
It is unlikely that the difference was due to the antigenic
density because both FR and CEA were highly overexpressed in
human tumors (25,26). Moreover, because the two non-crossreactive anti-FR MAbs behave similarly, the intrinsic charac
teristic of the single epitope involved does not play a role.
A different topobiology of the FR and CEA molecules, i.e.,
cell surface clustering and membrane association with lipids
and/or other cellular proteins (26,27), might account for the
observed difference in increase in internalization induced by
formation of the biotinylated MAb-streptavidin complex.
The higher internalization after MOvlS- or MOv 19-streptavidin complex formation, compared to that induced by
FO23C5, correlated with the in vivo data, in which a lower
resolution in imaging was observed. It is likely that, at least in
our three-step method, the relatively low '"in-labeled biotin
uptake in ovarian cancer patients was due to induction of
internalization events after the formation of the MOv 18 Mabavidin complex.
In the case of a rapid and massive internalization of the
complex, the use of an alternative two-step method, i.e.,
streptavidin-conjugated MAb and radiolabeled biotin (5), could
overcome the problem, allowing a great reduction in the waiting
period before tracer injection.
CONCLUSION
We suggest that the suitability of a given MAb for three-step
avidin-biotin clinical applications should be previously tested
by an appropriate in vitro analysis of internalization. On the
other hand, cellular internalization can also be an advantage.
The antigen-antibody complex formation after avidin clustering
suggests the clinical exploitation of avidin/streptavidin
for
delivering toxic agents, which must be internalized into the cells
to exert their toxicity, in models in which internalization is not
achieved by MAb alone. An avidin-toxic agent conjugate could
be a universal reagent for tumor therapy.
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