
Abstract. Background: Currently we are exploring a new
multistep pretargeting approach involving administration of
a bispecific antibody (B27.1 x P54) which has an anti-CA-
125 (B27.1) and antibiotin (P54) paratope. It is followed by
the administration of radiolabeled biotinylated liposomes to
target the 188Re to the ovarian cancer cells. As a preliminary
step to realize this goal, we determined the target specificity
of the monoclonal antibodies (B27.1) to the ovarian cancer
cells in vivo. Materials and Methods: B27.1 monoclonal
antibodies were photoreduced using UV light and incubated
with reduced 188Re for 30 min at 25˚C. 188Re-labeled B27.1
antibodies were purified using size exclusion chromatography.
A comparative biodistribution of Re-B27.1 and 188Re was
performed in nude mice xenografted with NIH:OVCAR-3
cells. Results: While free rhenium distributed preferentially
into thyroid and stomach with insignificant accumulation in
the cancer cells, about 20% of the injected dose of 188Re-
B27.1 was recovered in ascites cells with insignificant
localization in other organs four hours after administration.
Conclusion: The study validates the affinity of the B27.1
antibodies to the ovarian cancer cells in vivo.

Ovarian cancer ranks fifth in cancer deaths among women,
accounting for more deaths than any other cancer of the
female reproductive system. It was estimated that there
will be about 15,280 deaths from ovarian cancer in the
United States during 2007 (1). Ovarian cancer is

considered to be a very chemosensitive malignancy (2, 3)
and even after clinically and surgically defined complete
response to the chemotherapy, majority of the women
experience recurrence in two years. These later tumors
generally do not respond to the chemotherapy due to the
development of drug resistance and the tumor spreads into
the peritoneal cavity resulting in development of ascites.
Therefore, it was suggested that delivery of chemotherapy
beyond the ‘standard dosage regimen’ (standard six
courses) might be capable of killing the sensitive cells that
were less vulnerable to cytotoxic agents when the primary
treatment was administered (4). In addition, recent clinical
studies have suggested that intraperitoneal therapy could
be a more rational approach because ovarian cancer
metastases are predominantly located within the peritoneal
cavity (5). However, the intraperitoneal chemotherapy or
radiation therapy cannot eradicate the microtumors
(because they are difficult to access) and ultimately the 5
year survival rate of these advanced stage ovarian cancer
patients is only 45% .

Monoclonal antibodies (MAbs) have been used as
delivery vehicles for drugs, toxins and radionuclides. Many
research groups have demonstrated tumor regression in
experimental animals using radiolabeled monoclonal
antibodies (6-9) and numerous investigators have tried the
strategy in patients (10-14). Monoclonal antibodies
developed against specific tumor antigens are rarely strongly
cytotoxic and are therefore usually ineffective in tumor
destruction. Though tumor cells expressing the specific
antigen may some times undergo cell death, cells negative
for this antigen will be spared. To circumvent these problems
radionuclides may be attached to the antibody, which has the
ability to kill both the antigen-positive and antigen-negative
tumor cells in the vicinity of the former, via the bystander
effect (15). However, one of the shortcomings of the
application of directly radiolabeled MAbs is that only limited
number of radioisotope molecules (between one-to-two) can
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be conjugated per antibody necessitating high dose of the
required antibody resulting in toxicity. This lead to the
development of multistep pretargeting strategies to increase
the tumor-to-normal tissue ratios of radioactivity and
ultimately higher therapeutic efficacy (16).

Several pretargeting strategies have already been reported
in which an antibody that is not rapidly internalized by the
target cell is injected prior to the administration of
radiolabeled molecule (or carrier particle) that has a strong
affinity to the antibody (16, 17). Most of these strategies are
based on high affinity of biotin-avidin binding, and
investigators have used biotinylated MAbs to link to the
radiolabeled biotin/streptavidin derivatives (16-19).
Nevertheless, immunogenicity of avidin or streptavidin
molecule might be a problem with repeated application to
patients (20). In a study by Nassander et al., (21),
preferential uptake of doxorubicin loaded immunoliposomes
was demonstrated, but because of premature release of the
drug, no therapeutic advantage was obtained (22).

Currently we are exploring a new multistep pretargeting
approach using the combination of a bispecific antibody
(BsMAb) which has an anti-CA-125 and antibiotin paratopes,
and biotinylated liposomes loaded with a cytotoxic radionuclide,
188Re. It is known that 80% of the late stage ovarian cancer
patients show high levels of tumor associated antigen, CA 125
(23, 24). Briefly, our strategy involves administration of the
bispecific antibodies first. The bispecific antibody binds to the
tumor cell surface. This step is followed by the administration of
radiolabeled biotinylated liposomes to target the 188Re to the
cancer cells. 188Re emits a high proportion of β (2.1 Mev) and
a low proportion of γ-radiation (155 KeV) with penetration
capacity of 11 mm and half-life of about 17 hours. These
physical properties make 188Re suitable for calibration and for

radiotherapy (25, 26). We hypothesize that specific delivery of
high concentrations of the 188Re to the tumor cells can result in
optimal killing of the less sensitive tumor cells with minimal
systemic side effects. As a first step to realize this goal, B27.1
monoclonal antibodies were radiolabeled with 188Re and their
specificity to ovarian cancer cells was assessed in Balb/c nude
mice xenografted with NIH OVCAR-3 cells.

Materials and Methods
Cells and cell culture. Human ovarian cancer cells NIH:OVCAR-3
were purchased from American Type of Culture Collection (ATCC,
Rockville, MD, USA) and maintained at 37˚C and 5% CO2 in RPMI-
1640 medium (GIBCO, Grand Island, NY, USA). All experiments
were performed with the cells in exponential growth phase.

Monoclonal antibodies. MAb B27.1 is a murine IgG1 with κ light
chains, produced by immunizing mice with a partially purified CA-
125 antigen (27). B27.1 antibodies recognize the glycoprotein CA-
125 antigen on OVCAR-3 cell surface and have been used in
radioimmunoassay, radioimmunodiagnosis and immunotherapeutic
studies (27-29). Hybridoma secreting the MAbs were grown in
RPMI-1640 medium supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin. The B27.1 hybridoma was
kindly supplied by Biomira, Edmonton, Canada. B27.1 MAbs were
purified from the hybridoma cell supernatants by Protein G affinity
chromatography (Sigma, St. Louis, MO, USA).

188Re reduction. 188Re is an attractive therapeutic radioisotope which
is produced from decay of the reactor-produced tungsten-188 parent
(t1/2 69 days) and thus conveniently obtained on demand by elution
from the alumina-based tungsten-188/rhenium-188 generator system.
Rhenium-188 generator was obtained from Oakridge National
Laboratories, Oak Ridge, TN, LI, USA. The rhenium-188 was
obtained as sodium perrhenate by elution of the generator with 0.9%
saline. 188Re must be in a reduced state in order to label the antibody.
Tin dihydrochloride (10 mg) was suspended in about 200 μL of water
by sonication. A known volume of 188Re stock solution was taken in
a glass reaction vial and an equal volume of 0.1 M citrate buffer was
added (pH 2-7). The tin dihydrochloride suspension was added to the
above solution and allowed to react at 80˚C under nitrogen. After one
hour, rhenium was tested for reduction using ITLC with acetone as
the mobile phase. Under these conditions, perrhenate moved with the
solvent front and reduced rhenium remained at the origin.

Photoactivation of the antibody. The hybridoma was grown for one
month in RPMI-1640 medium with 10% fetal bovine serum (FBS)
and 1% penicillin-streptomycin. The culture supernatant was
purified through Protein G affinity column chromatography to
obtain B27.1 antibodies. A highly efficient photoreduction method
was adopted for reducing the disulfide linkage of the antibody (30,
31). The photoactivation unit consists of a cylinder equipped with
eight replaceable UV lamps of 300 nm (3.9W each), 254 nm (8.0 W
each) and 365 nm (4.5W each) wavelength emission installed in a
symmetrical manner. Cooling was effected by a fan at the bottom
of the chamber. The antibody sample was introduced in a Quartz
vial and placed at the base of the cylinder. The sample after
exposure to UV light approximately for 60 minutes, was used for
labelling experiments or stored at –20ºC until further use.
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Figure 1. Purification of 188Re- labeled B27.1 antibody using Sephadex-
G25 column chromatography. A known amount of antibody solution was
incubated with reduced 188Re for 30 minutes at 25˚C. The mixture was
purified for rhenium labeled antibody by passing it through a Sephadex
G-25 column and eluting with PBS pH 7.4.



188Re labelling of the B27.1 antibody. After the antibody was
photoreduced, a known amount of antibody solution was incubated
with rhenium for 30 minutes at 25˚C. The mixture was purified for
rhenium-labeled antibody by passing it through a Sephadex G-25
column and eluting with PBS pH 7.4. The photoreduced antibody
was tested for immunoreactivity (antigen binding) using enzyme
linked immunosorbent assay (ELISA).

In vitro stability studies. The stability of radiopharmaceuticals is
usually analyzed by using different challenging agents, such as
cysteine, human serum albumin etc. (32). In this study, an aliquot of
188Re-labeled antibody solution was added to an equal volume of
PBS pH 7.4 and incubated at 37˚C. An aliquot of the mixture was
taken at different time intervals up to 12 hrs and the amount of free
188Re in the sample was determined by Sephadex G25 column
chromatography (Amersham Biosciences, NJ, USA). In another
experiment, cysteine challenge was carried out by incubating an

aliquot of the labeled antibody solution with equal volume of excess
cysteine solution (50 mM) at 37˚C. Rest of the procedure was same
as the above.

Biodistribution studies. 1x106 NIH:OVCAR-3 human ovarian cancer
cells were injected intraperitoneally into Balb/c nude mice. Ovarian
carcinomatosis developed after 30-35 days with evidence of ascites
production and the occasional solid tumor attached to various
peritoneal tissues. These tumor-bearing mice were used for
biodistribution studies (33). The mice were divided into 3 groups of
each six. To the first group, 0.5 mL of 188Re solution (20 μCi/animal)
was administered (i.p.). To the remaining two groups, Re-labeled B-
27.1 solution (10 μCi of 188Re/animal or 40 μg of B27.1) and the Re-
labeled P54 (P54 is antibiotin antibody) were administered (i.p.) at
the same antibody concentration separately. P54 antibody was used as
a negative control in the experiment. Four hours after injection of each
formulation, the mice were euthanized by cervical dislocation, the
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Figure 2. Biodistribution of 188Re-labeled formulations in Balb/C nude
mice xenografted with NIH OVCAR-3 cells. 1x106 NIH:OVCAR-3 human
ovarian cancer cells were injected intraperitoneally into Balb/c nude
mice. Ovarian carcinomatosis developed after 30-35 days with evidence
of ascites production. A known amount of radiolabeled formulations were
administered intraperitoneally and four hours after injection, the mice
were euthanized by cervical dislocation, the ascites fluid was collected
with a syringe and the peritoneal cavity was washed with PBS, pH 7.4
and the washings were collected. Various organs/tissues were dissected,
blotted on filter paper and the radioactivity of the tissue samples was
counted with a gamma counter. The results were expressed as percent
injected dose per gram of each tissue. a. Biodistribution of 188Re (20
μCi/mouse, n=5) in Balb/C nude mice xenografted with NIH OVCAR-3
cells (n=6, p<0.05). b. Biodistribution of B27.1-Re ((10 μCi of
188Re/animal or 40 μg of B27) in Balb/C nude mice xenografted with
NIH OVCAR-3 cells (n=6, p<0.05). c. Biodistribution of P54-Re (10 μCi
of 188Re/animal or 40 μg of B27) in Balb/C nude mice xenografted with
NIH OVCAR-3 cells. P54 is antibiotin antibody and it is used as a
negative control in this experiment (n=6, p<0.05).



ascites fluid was collected with a syringe and the peritoneal cavity was
washed with PBS, pH 7.4 and the washings were collected. Blood
samples were collected by cardiac puncture. Organs were dissected,
blotted on filter paper to remove the blood, and placed separately into
plastic (K-free) scintillation vials and the radioactivity was counted
using a gamma counter. The results were expressed as percent injected
dose per gram of each tissue. The cell number in ascites fluid was
counted by diluting the sample appropriately. The total ascites fluid
was centrifuged and the volume of the supernatant as well as the pellet
were noted.

All experimental protocols with animals were pre-approved by
the University of Alberta Health Sciences Animal Policy and
Welfare Committee using guidelines established by the Canadian
Council on Animal Care.

Statistical analysis. The statistical analysis was carried out using the
student’s t-test in Graph Pad InStat 3.05 version software (San
Diego, CA). p<0.05 was considered significant.

Results

Biodistribution studies were performed in NIH:OVCAR-3
cell xenografted mice after administration of the formulations
(188Re, 188Re-B27.1, 188Re-P54) intraperitoneally. The B27.1
(anti CA 125 antibody) and P54 (antibiotin antibody) were
photoactivated and labeled with 188Re as described
previously. To ensure that the binding of B27.1 antibody to
the cancer cells is not non-specific binding, an irrelevant
antibody (P54 antibody) that has no specificity to the cancer
cells is also used in the present study.

Ultravoilet light was used as a probe in analysis of enzyme
function as early as 1970. Sykes et al., (31) have
photoactivated various monoclonal antibodies and concluded
that this technique may be applicable to all antibodies but
individual photoactivation process has to be optimized for
each antibody. Upon exposure to the UV light, about 80%
and 10% of the absorbed dose may be attributed for tyrosine
and tryptophan content respectively. The primary mechanism
of photoactivation of the antibody is the generation of highly
reactive sulphydryl groups. The antibody was tested for
immunoreactivity after photoactivation process. The labelling
efficiency of both the B-27.1 and P-54 was >90% and
enzyme linked immunosorbent assay (ELISA) results (data
not shown) confirmed that the immunoreactivity of the
antibody was retained after the radiolabeling process. 188Re-
labeled antibody was purified from the free 188Re using
Sephadex G25 column chromatography as shown in figure
1. These Re-labeled antibodies were used in the
biodistribution studies immediately after the purification. The
percent of recovery of the 188Re in various organs was
calculated at 4 hour time point, which is conventionally
assumed to be the maximum time for complete distribution
of any carrier system administrated peritoneally.

As shown in figure 2a, accumulation of free 188Re in
thyroid and stomach were significantly high comparing with
all other organs (p<0.01). The percent injected dose per
gram of the tissue in thyroid and stomach were 50 and 45%
respectively. Except these two organs, recovery of 188Re in
other organs was very low with only 5% in solid tumor, and
all other organs showed <2% of the injected dose per gram
of the tissue.

In the group administered with 188Re-B27.1, about 20% of
the injected dose was recovered per gram of the ascites cells
(figure 2b). A significantly higher amount of Re was recovered
in kidney (8% per gram) followed by ascites fluid and the
gastrointestinal tract. Recovery of 188Re in thyroid and stomach
was ~2-3% of the injected dose per gram of the tissue. Less
than 5% of the injected dose was found in all the other organs.
When an irrelevant antibody labeled with 188Re (Re-P54) was
administered, only about 6% of the injected dose was
accumulated in the ascites cells. The difference in accumulation
in gastrointestinal tract (GIT) and ascites cells was not
significant. However the highest accumulation, approximately
9% of the injected dose per gram of the tissue, was seen in
kidney (figure 2c). The concentration of 188Re in brain was
insignificant with both B27.1-Re as well as free rhenium.

Discussion

The present study is a preliminary experiment to confirm
the target specificity of the B27.1 antibody to the OVCAR-
3 cells in vivo. Biodistribution of free rhenium was highest
in thyroid and stomach. However none of the other organs
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Figure 3. Stability of 188Re-labeled B27.1 antibodies. A known amount
of 188Re-labeled antibody solution was added to an equal volume of
PBS pH 7.4, and equal volume of excess cysteine solution (50 mM)
separately and incubated at 37˚C. An aliquot of the mixture was taken
at different time intervals, 2, 5, 12 hrs and the amount of free 188Re in
the sample was determined by Sephadex G25 column chromatography.
Results are expressed as percent of labelled Re retained at different time
intervals (n=2).



showed any significant accumulation. We could only
recover 60-70% of the administered dose on termination of
the study. It appears that a large amount of administered
dose was excreted, though the exact amount excreted was
not accounted.

The extent of 188Re uptake by the ascites tumor cells with
B27.1-Re was significantly higher than any other
formulation tested in the present study (p<0.01). It is
evident that the B-27.1 antibody was specifically binding to
CA125 antigens present on cancer cell surface. The lower
concentrations of 188Re in thyroid and stomach with B27.1-
Re as compared to free Re is an indication that 188Re was
retained in the peritoneal cavity, precisely in the ascites
fluid. However, the recovery of 188Re in kidney was
significantly higher with B27.1-Re preparation than the free
rhenium preparation. This may be accounted for the slow
dissociation of 188Re from the antibody and excretion by
kidney following systemic absorption. It may be probable
that B27.1-Re may not be stable over the time period used
for estimating the biodistribution. Although the
biodistribution results with one time point are difficult to
interpret, a very high magnitude of B27.1-Re in ascites cells
is in agreement with our concept and can be exploited for
pretargeting to the ovarian cancer cells.

P-54 antibody labeled with 188Re was used as a negative
control in the present study to check if the accumulation of
B27.1-Re in ascites cells was not due to non-specific
binding to the cancer cells. Interestingly, recovery of 188Re
in ascites cells with P54-Re was about 4 fold lower than
the B27.1-Re confirming that the rhenium accumulation
with B-27.1 antibody was not because of non-specific
binding of the antibody to the tumor cells. However, with
both the B27.1 and P-54 antibodies, the recovery in thyroid
and stomach was lower than the free rhenium preparation.
The 188Re levels in kidney with P54-Re was higher than
B27-Re. This may be attributed to the stability of Re
attached to P54 antibody.

Stability of radiolabeled B27.1 and P54 antibodies was
assessed by determining the percent of 188Re retained on a
given amount of antibody at different time intervals by size
exclusion chromatography. Though Re-labeled antibodies
were found stable in PBS pH 7.4 (>90% of the labeled
amount retained after 5 hrs), about 20% of labeled 188Re was
lost when the radiolabeled antibodies were incubated with
cysteine for 5 hrs as shown in figure 3. Currently the
preparation of the bispecific antibody by chemical conjugation
of P54 antibody and B27.1 antibody is in progress.

Acknowledgements
The authors thank the Alberta Cancer Board (RI-182) and Natural
Sciences and Engineering Research Council of Canada
(CHRPJ227284-99) for grant support. Dr. Suresh thanks CIHR and
Biomira for Immunoconjugate Chair support.

References
1 Cancer Statistics, American Cancer Society, 2007.
2 McGuire WP, Hoskins WI, Brady MF, Kucera PR, Partridge EE,

Look KY, Clarke-Pearson DL and Davidson M: Cyclophospha-
mide and cisplatin compared with paclitaxel and cisplatin in
patients with stage III and stage IV ovarian cancer. N Engl J
Med 334: 1-6, 1996.

3 Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C,
Simonsen E, Stuart G, Kaye S, Vergote I, Blom R, Grimshaw R,
Atkinson RJ, Swenerton KD, Trope C, Nardi M, Kaern J,
Tumolo S, Timmers P, Roy JA, Lhoas F, Lindvall B, Bacon M,
Birt A, Andersen JE, Zee B, Paul J, Baron B and Pecorelli S:
Randomized intergroup trial of cisplatin-paclitaxel versus
cisplatin-cyclophosphamide in women with advanced epithelial
ovarian cancer: three-year results. J Natl Cancer Inst 92: 699-
708, 2000.

4 Markman M: Consolidation/maintenance chemotherapy for
ovarian cancer. Current Oncol Reports 5: 454-458, 2003.

5 Curé H, Bay JO, Plagne R, Chollet P and Dauplat J: Phase III
randomized trial of high dose chemotherapy and PBSC support
as consolidation in patients with responsive low burden advanced
ovarian cancer: preliminary results of a GINECO/FNLCC/
SFGM-TC Study. Proc Am Soc Clin Oncol 20: A815, 2001.

6 Klein JL, Nguyen TH, Laroque P, Kopher KA, Williams JR,
Wessels BW, Dillehay LE, Frincke J, Order SE and Leichner PK:
Yttrium-90 and iodine-(3) radio immunoglobulin therapy of an
experimental human hepatoma. Cancer Res 49: 6383-6389, 1989.

7 Blumenthal RD, Shaskey RM, Kashi R and Goldenberg DM:
Comparison of therapeutic efficacy and host toxicity of two
different 131I-labeled antibodies and their fragments in the GW-39
colonic cancer xenograft model. Int J Cancer 44: 292-300, 1989.

8 Senekowitseh R, Reidel G, Mothhenstadt S, Kriegel H and Pabst
HW: Curative radioimmunotherapy of human mammary
carcinoma xenografts with iodine-131-labeled monoclonal
antibodies. J Nucl Med 30: 531-537, 1989.

9 Beaumier PL, Venkatesan P, Vanderheyden JL, Burgua WD,
Kunz LL, Fritzberg AR, Abrams PG and Morgan AC Jr: Re-186
radioimmunotherapy of small-cell lung carcinoma xenografts in
nude mice. Cancer Res 51: 676-681, 1991.

10 Rosen ST, Zimmer AM, Goldman-Leikin R, Gordon LI,
Kazikiewicz JM, Kaplan EH, Variakojis D, Marder RJ,
Dykewicz MS and Piergies A: Radioimmunodetection and radio
immunotherapy of cutaneous T-cell lymphomas using 131I-
labeled T101 monoclonal antibody: an Illinois cancer council
study. J Clin Oncol 5: 562-573, 1987.

11 Press OW, Sary JF and Badger CC: Treatment of refractory non-
Hodgkins lymphoma with radiolabeled mb-1 (anti CD-37)
antibody. J Clin Oncol 7: 1027-1038, 1989.

12 DeNardo GL, DeNardo SJ, O’Grady LF, Mills SL, Lewis JP
and Macey DJ: Radiation treatment of B-cell malignomics with
immunoconjugate. Front. Radio Ther Oncol 24: 194-201, 1990.

13 Larson SM: Radioimmunology imaging and therapy. Cancer 67:
1253-1260, 1991.

14 Larson SM: Radiolabeled monoclonal antitumor antibiotics in
diagnosis and therapy. J Nucl Med 26: 538-545, 1985.

15 Jeong JM and Chung JK: Therapy with 188Re-Labeled
Radiopharmaceuticals: An Overview of Promising Results from
Initial Clinical Trials. Cancer Biother Radiopharm 18(5): 707-
717, 2003.

Palakurthi et al: Target Specificity of 188Re-labeled B27.1 Monoclonal Antibodies

325



16 Goodwin DA and Meares CF: Pretargeting: general principles.
Cancer 80: 2675-2680, 1997.

17 Moro M, Pelagi M, Fulci G, Paganelli G, Dellabona P, Casorati
G, Siccardi AG and Corti A: Tumor cell targeting with antibody-
avidin complexes and biotinylated tumor necrosis factor α.
Cancer Res 57: 1922-1928, 1997.

18 Hnatowich DJ, Friedman B, Claney B and Novak M: Labelling
of preformed liposomes with Ga-67 and Tm-99m by chelation. J
Nucl Med 22: 810-814, 1981.

19 Paganelli G, Magnani P, Zito F, Villa E, Sudati F, Lopalco L,
Rosetti C, Malcovati M, Chiolerio F, Seccamani E, Siccardi AG
and Fazio F: Three-step monoclonal antibody tumor targeting in
carcinoembryonic antigen-positive patients. Cancer Res 51:
5960-5966, 1991.

20 Schumacher J, Klivenyi G, Matys R, Stadler M, Regiert T,
Hauser H, Doll J, Maier-Borst W and Zoller M: Multistep tumor
targeting in nude mice using bispecific antibodies and a Gallium
chelate suitable for immunoscintigraphy with positron emission
tomography. Cancer Res 55: 115-123, 1995.

21 Nassander UK, Steerenberg PA, Poppe H, Storm G, Poels LG,
De Jong WH and Crommelin DJA: In Vivo targeting of OV-TL 3
immunoliposomes to ascetic ovarian carcinoma cells (OVCAR-
3) in athymic nude mice. Cancer Res 52: 646-653, 1992.

22 Vingerhoedes MH, Steerenberg PA, Hendriks JJGW, Dekker LC,
van Hoesel QGCM, Crommelin DJA and Storm G:
Immunoliposome-mediated targeting of doxorubicin to human
ovarian carcinoma in vitro and in vivo. Br J Cancer 74: 1023-
1029, 1996.

23 Bast RC, Feeney M, Lazarus H, Nadler LM, Colvin RC and
Knapp RC: Reactivity of a monoclonal antibody with human
ovarian carcinoma. J Clin Invest 68: 1331-1337, 1981.

24 Lloyd KO, Yin BWT and Kudryashov V: Isolation and
characterization of ovarian cancer antigen CA125 using a new
monoclonal antibody (VK-8): Identification as a mucin-type
molecule. Int J Cancer 71: 842-850, 1997.

25 Schubiges PA and Andres RY: Radionuclides for therapy: a
review. In Nuklearmedizin: Klinische Anforderungen an Die
Nuklearmedizin, Schattaues, Berlin, pp. 15-19, 1987.

26 Kostarelos K and Emfietzoglou D: Tissue dosimetry of
liposome-Radionuclide complexes for internal radiotherapy:
Toward liposome-targeted therapeutic radiopharmaceuticals.
Anticancer Res 20: 3339-3346, 2000.

27 Krantz MJ, McLean GD, Longenecker BM and Suresh MR:
Radioimmunoassay for CA125 employing two new monoclonal
antibodies. J Cell Biochem 12E: 139, 1988.

28 Noujaim AA, Baum RP, Sykes TR, Sykes CJ, Hertel A, Niesen
A and Hor G: Monoclonal antibody B43.13 for immuno-
scintigraphy and immunotherapy of ovarian cancer. In: Klapdor
R. (Ed), Current Tumor Diagnosis: Applications, Clinical
relevance, Trends, W Zuckschwerdt Verlag, Munich, pp. 823-
829, 1994.

29 Schultes BC, Zhang C, Zue LY, Noujiam AA and Madiyalakan
R: Immunotherapy of human ovarian carcinoma with OVAREX
Mab-B43.13 in a human–PBL-SCID/BG mouse model.
Hybridoma 18: 47-55, 1999.

30 Dose K and Risi S: The action of U.V. light of various
wavelengths on papain. Photochem. Photobiol 15: 43-50, 1972.

31 Sykes TR, Woo TK, Baun RP, Qi P and Noujaim AA: Direct
labelling of monoclonal antibodies with technetium-99m by
photoactivation. J Nucl Med 36: 1913-1922, 1995.

32 Iznaga-Escobar N: Direct labeling of monoclonal antibodies with
rhenium-188 for radioimmunotherapy of solid tumors-a review
of radiolabelling characteristics, quality control and in vitro
stability studies. Appl Rad and Isotopes 54: 399-406, 2001.

33 Xiao Z, McQuarrie SA, Suresh MR, Mercer JR, Gupta S and
Miller GG: A three-step strategy for targeting drug carriers to
human ovarian carcinoma cells in vitro. J Biotech 94: 171-184,
2002.

Received February 14, 2008
Accepted March 5, 2008

in vivo 22: 321-326 (2008)

326


