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RADIOIMMUNOTHERAPY WITH 90Y-LABELED MONOCLONAL ANTIBODIES 

IN A NUDE MOUSE OVARIAN CANCER MODEL 

KALEVI KAIREMO, KAJ LJUNGGREN, SVEN-ERIK STRAND, JUKKA HILTUNEN, PIRKKO PENTTILA, 
TUOMO NIKULA, AIRE LAINE and TORSTEN WAHLSTROM 

Tumor stroma contains much fibrin, and so monoclonal antifibrin antibody can accumulate in tumors. 
We treated nude mice bearing human ovarian carcinoma xenografts with 'q-labeled monoclonal 
antifibrin antibody Fab fragments administered intratumorally . The survival time vs. a control group 
was significantly prolonged and tumor growth rate was decreased. Another group of animals was 
treated with !"'Y-labeled OC 125-monoclonal antibody; these mice received the antibodies intratu- 
morally, intraperitoneally or intravenously. The survival time was longest in the intratumorally treated 
group. There was no significant difference in survival between goY-labeled OC 125 and antifibrin in the 
intratumorally treated animal groups. The tissue activity distribution studies revealed that bone marrow 
is the critical organ. Intratumorally injected monoclonal "Y-antifibrin antibodies were retained at least 
36 h (up to 50% of injected activity per gram tumor tissue) in the xenograft after one treatment, 
causing cell death. Beta-camera imaging and immunohistochemistry were performed for studies of the 
correlation between !"'Y activity and fibrin distribution in tumor specimens. These results were in 
concordance. In conclusion, intratumoral administration seems suitable for radioimmunotherapy, with 
an antibody that targets stromal structures. The accumulation can be successfully monitored by a 
beta-camera. 

Radioimmunotherapy has so far had limited clinical 
success, mainly because of low tumor uptake ( <O.OI%/g 
tumor in patients) (1). There is a need for new methods for 
radioimmunotherapy, such as alternative routes of admin- 
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istration. Higher tumor uptakes might be achieved e.g. by 
using intratumoral injections. There are very few com- 
pletely tumor-specific antibodies. However, non-specific 
localization in tumors has been obtained both in human 
and animal experiments with various antibodies not di- 
rectly related to the tumor cells (2, 3). Our previous study 
showed tumor localization of monoclonal antifibrin anti- 
bodies, which was verified immunohistochemically (4). 

For the present radioimmunotherapy study a mono- 
clonal antifibrin antibody was chosen, since tumor stroma 
contains fibrin, and tumor uptake in a mouse cancer model 
has been reported (4, 5). Ovarian cancer was selected as 
experimental tumor model, because there are numerous 
antigens characterizing these malignancies (6, 7). The 
aim of the present study was to test intratumoral injection 
of a 9oY-labeled tumor-nonspecific antibody in a nude 
mouse model. We selected OC 125 (8) as antibody for this 
model, since it has been clinically used under various 
auspices (9-13) and also carefully studied in mouse 
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models (14, 15). The effect of the administration route was 
studied with special reference to intratumoral injections, 
because this modality has been used in clinical experiments 
(16, 17). The tissue distribution was studied with immuno- 
histochemistry and the radioactivity distribution with a 
beta-camera (IS). 9"Y was chosen since its half-life (2.7 
days) is long enough for accurate tumor localization, and 
short enough to minimize toxicity in organs playing an 
important role in catabolism (19); it has no gamma emis- 
sion and its beta emission has a range in tissue correspond- 
ing to 100 to 1000 cell diameters (20). 90Y decays to a 
stable daughter nuclide, and 'OY labeled tumor-specific 
antibodies have also been used by others (21,22). 

Material and Methods 

Monoclonal antibodies. For the therapeutic purposes we 
used two antibodies: Fab-fragment of the monoclonal 
antibody 59D8 (Centocor Europe, Leiden, the Nether- 
lands) which recognizes a synthetic heptapeptide character- 
istic for fibrin but not for fibrinogen (23), and 
F(ab'),-fragment of the monoclonal antibody OC 125 
(CIS, Gif-sur-Yvette, France), which reacts specifically 
with the tumor marker CA 12-5, present in epithelial 
ovarian carcinoma (8). Carrier-free 'OY was eluted from a 
sterile and pyrogen-free 9"Sr/90Y generator. The eluate was 
purified with ion exchange chromatography and in the 
final solution of 0.5 moll1 acetate the 90Sr/90Y concentra- 
tion ratio was < 1  x at the time of labeling. The 
antibodies were labeled with 'OY using cyclic DTPA-chela- 
tion and the incubation varied from 30 min to 12 h de- 
pending on the antibody to be labeled. The labeling 
efficiency was checked by thin layer chromatography 
(TLC). Specific activities > 370 MBq/mg proteins were 
achieved. 

Mice. Female nude mice/nu/nu-BALB/cABom; (Bom- 
holtgaard, Denmark), aged 7-9 weeks at the beginning of 
the experiments, were used. The animals were maintained 
under sterile conditions in a barrier unit, with autoclaved 
equipment and food. 

Cells and tumor growth. A human ovarian carcinoma cell 
line HOV-007 (Farmos-Group, Turku, Finland) originat- 
ing from a serous cystadenocarcinoma (FIG0 stage IV), 
was used. Tumors were established in nude mice by subcu- 
taneous injection in the neck of 105-106 cells in 0.25 ml of 
medium. After 10-12 days the mice were killed and frag- 
ments of these primary tumors were transplanted subcuta- 
neously in the left flank of nude mice. At the beginning of 
the therapy experiments the tumor volumes were approxi- 
mately 2-5 cm3; this size was achieved within 2 weeks after 
inoculation. The tumors grew very rapidly, and the animals 
died within additional 1-2 weeks without any management. 

Therapy. For therapy trials the mice were divided into 
two categories. In the first category three groups of animals 
( 5  in each group) were tested using different routes of 

administration with "Y-DTPA-OC 125. The first group 
received the radiolabeled antibody intratumorally by a 
single injection (group IT); the second group received it 
intraperitoneally by a single injection (group IP); and the 
third group by an intravenous infusion during 1 min (group 
IV). In the second category the mice were divided into two 
groups (7 in each group). One group of animals received 
"Y-DTPA-antifibrin antibodies intratumorally (antifibrin 
group). The other group (control group) received 90Y in 
saline solution intratumorally; the administered volumes 
varied from 0.15 to 0.20 ml in all these experiments. The 
administration of '"Y-antibodies and 9oY-solutions were 
repeated every 2-3 days 2 to 7 times. The treatment 
activities varied from 3.0-4.5 MBq and the total activities 
administered were 15-23 MBq. The therapy effect was 
evaluated by survival times and tumor diameters. 

Activity distribution studies. Two additional animals 
treated as those in the antifibrin group were used for 
studies of the activity distribution. One animal was sac- 
rificed 36 h after the first antifibrin treatment and the other 
36 h after the fourth antifibrin treatment. The distribution 
of 90Y in the tissues was studied in all animals after 
therapy (the 7th treatment was the last one in all tests); the 
organs were dissected, weighed and counted for P-radioac- 
tivity in a liquid scintillation counter. 

Morphological studies. The histology of the tumor xeno- 
grafts was studied, and they were stained immunohisto- 
chemically for fibrin and CA 125; immunoperoxidase 
staining with avidin-biotin amplification was used (24). In 
addition, the tissue sections were stained with three mono- 
clonal antibodies for carcinoembryonic antigen, CA 19-9 
and cytokeratin respectively. 

Beta-camera imaging. The tissue specimens (the same as 
used for immunohistochemistry) were studied for radioac- 
tivity distribution with a beta camera. The beta camera is 
described in detail elsewhere (18, 25). Briefly it consisted of 
a thin plastic scintillator and a light sensitive detector 
which contained a fiberoptic window, a photocathode, two 
microchannel plates and a resistive anode. The plastic 
scintillator was 0.9 mm thick and was mounted directly 
onto the fiberoptic window on the light sensitive detector. 
The detector system was kept at -20°C to cool the photo 
cathode and facilitate handling of non-fixed samples. 

Results 

In the category of animals treated with 'v-labeled OC 
125 the averages of survival times in the three groups with 
different routes of administration were as follows: IP 
group 8.3 k4 .3  d; IV group 5.0f3.0d; IT group 
11 .O & 4.0 d. The differences between the IT and IV groups 
was statistically significant ( p  < 0.001, Student's t-test). 
The tumor growth was reduced in the IT group, but in the 
other two categories the tumors grew except in one animal 
in the IP group (Fig. I ) .  
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Table 
Tissue activity afier the 1st and 4th 9oY-antifibrin anti- 
body treatment. The animals were sacrificed 36 h ufier 

intratumoral treatment. - '% o j  inj. doselg tissue 

Organ 1st treatment 4th treatment 

Tumor 50.2 19.9 
Liver 0.23 0.48 
Thyroid 0.01 0.02 
Bowel 0.05 0.05 
Kidney 13.8 5.9 
Bone marrow 12.0 16.8 
Spleen 3.6 6.0 

Blood 2.1 2.9 
5 Lung 3.0 4.7 

Fig. 1. Survival of '"Y-labeled OC 125 treated nude mice bearing 
human ovarian cancer. The effect of routes of administration is 
demonstrated. i.t. = intratumoral; i.v. = intravenous; i.p. intra- 
peritoneal. 

beta camera imaging showed good correlation (Spear- 
man's rank test r = 0.94). 
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Discussion 

This study shows that intratumoral injection enhanced 
the tumor accumulation and the therapeutic effect of both 
antifibrin and OC125, labeled with "Y. It is known 
that the binding of 90Y-DTPA to the antibodies is not 
stable in vivo (22), and the free 'OY accumulates in the 
bone marrow. The critical organ in human studies has 
been the bone marrow (21). Our data is in concordance 
with that observation as the biodistribution studies showed 
high uptake in the bone marrow. We demonstrated a 
rather high in vivo stability of 90Y-DTPA-MAb com- 
plexes. The radionuclide and the immunohistochemical 
distributions were very similar. Tumor uptake up to 50%/ 
ID/g tissue at  36 h after the first treatment and tumor 5 

Days 
Fig. 2. Survival of "Y-labeled antifibrin MAb-treated nude mice 
bearing human ovarian cancer using intratumoral injections com- 
pared to survival of animals that received intratumorally injected 
'"Y-saline solution. 

The average survival time of the mice treated intra- 
tumorally with "Y-labeled antifibrin was 17.4 5.8 d. It 
was significantly longer in the "Y-antifibrin group than in 
the "Y-saline treated group ( p  < 0.001, Student's t-test), 
where it was 8.0 + 2.8 d (Fig. 2). 

In the histological samples tissue necrosis was observed 
in all "Y-antibody-treated tumors. The activity distribu- 
tion data with "Y-antifibrin is presented in the Table. The 
living tumor cells were immunohistochemically stainable 
with antifibrin and anti-CA 125 antibodies. The tissue 
sections were also stained with three monoclonal antibod- 
ies for carcinoembryonic antigen, CA 19-9, and cyto- 
keratin. Only the cytokeratin staining was weakly positive. 
Semiquantitative immunohistochemistry and quantitative 

uptake up to 200//ID/g at  36 h after the fourth treatment 
respectively were observed. 

The accumulation of the Y-labeled antibody was at  least 
partly responsible for the therapeutic effect, which was 
confirmed by the immunohistochemical staining. Our find- 
ings show that these samples can be successfully imaged 
with a beta camera. The beta camera registration is fast. 
Its spatial resolution is about 0.5 mm (FWHM) for 'joy. 
Beta camera imaging took only 5-  10 min whereas corres- 
ponding autoradiography exposures will take several days 
(26). After i.v. injection, the tumor uptake in this model 
was approximately 10"',/ID/g tumor (OC 125), which was 
much less than reported by Anderson-Berg et al. ( 19) in an 
erythroleukemia model. At 36 h after intratumoral adrnin- 
istration the uptake was 5-7 times higher than in i.v. 
injected animals. Intratumoral injection might therefore be 
useful for clinical practice, also when a cell skeleton bind- 
ing antibody (e.g. associated with intermediate filaments) 
is used. This phenomenon has previously been studied by 
Riva et al. (17) in brain glioblastoma patients using an 
antitenascin antibody, which binds to tumor stroma. Intra- 
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Fig. 3. Beta camera study showing the 90Y activity distribution in 
a tumor cross section. The animal was sacrificed 36 h after last 
treatment. Intense intratumoral binding of monoclonal 'OY- 
labeled antifibrin antibody can be noted. The images on the right 
demonstrate this binding in two separate areas (corresponding to 
two tumor stromal areas). In the lower right image the three 
additional dots represent 90Y standards and markers for correct 
orientation in the histological slices. The images on the left 
demonstrate the exact activity profile in one level (shown in upper 
left part of the image). The imaging time was 10 min. 

tumoral administration was found to be an effective way to 
cause cell death, which was histologically verified. 

Systematic therapy with a non-specific antibody is as a 
rule not possible, because of poor tumor seeking properties 
and high accumulation in critical organs. Our findings, 
however, suggest that a monoclonal antifibrin MoAb is 
suitable for antitumor targeting and could be a candidate 
for human radioimmunotherapy trials. More attention has 
to be paid to other non-specific antibodies for radio- 
immunotherapy trials. However, the diffusion of such 
radiolabeled antibodies into the target tissues will probably 
be too slow for treatment of macroscopic tumors (27). 
From a dosimetric point of view, calculations show that 

is superior to I3'I for treatment of larger tumors when 
a homogenous activity distribution cannot be achieved. A 
10-fold increase in the uptake has to be obtained in order 
to achieve tumor erradication in this model with I3lI 

according to the calculations in the literature (28). Anti- 
bodies raised against fibrin, vimentin, tenascin, laminin 
and cytokeratin may provide new tools, since higher con- 
centrations might be obtained in the tumor. 

The experimental tumor model described here, may be 
modified for future purposes by, for instance, in vivo 
biotin-avidin amplification (29, 30). The antibody uptake 
can also be enhanced by use of smaller F,-fragments (31) 
or by biological response modifiers, such as IFN and IL-2 

(32, 33). Extracorporeal immunoadsorption (34) and 
plasmapheresis (35) can also increase the tumor-to-non- 
tumor ratio. Better in vivo absorbed dose estimates are 
possible by using positron labeled antibodies (36). An 
ovarian cancer nude rat model has already been used for 
PET studies (37). 

REFERENCES 
1. Larson SM. Radioimmunology imaging and therapy. Cancer 

1991; 67: 1253-60. 
2. Rubin RH, Fischman AJ, Needleman M, et al. Radiolabeled, 

nonspecific, polyclonal human immunoglobulin in the detec- 
tion of focal inflammation by scintigraphy: comparison with 
gallium-67 citrate and technetium-99m-labeled albumin. J 
Nucl Med 1989; 30: 385-9. 

3. Hopsu EVM, Kairemo KJA. Radioimmundetection of head 
and neck cancer. A review. Acta Oncol 1993; 3 2  735-40. 

4. Kairemo KJA, Ljunggren K, Strand S-E, Wahlstrom T, 
Penttila PI, Hiltunen JV. The follow-up radioimmunotherapy 
in xenografted human cancer using betacamera and immuno- 
histochemistry. Aust N Z J Med 1990; 20: 448. 

5. DeNardo GL, DeNardo SJ, Miyao NP, et al. Fibrin mono- 
clonal antibody (MAb) uptake by a mouse cancer with coag- 
ulative properties. J Nucl Med 1988; 29: 899. 

6. Rubin SC, Lewis JL. Tumor antigens in ovarian malignancy. 
Clin Obstet Gynecol 1986; 29: 693-703. 

7. Lloyd KO. Ovarian tumor antigens: Targets for diagnosis, 
monitoring and therapy. In: Conte PF, ed. Multimodal treat- 
ment of ovarian cancer. New York: Raven Press, 1989: 47- 
54. 

8. Bast RC, Klug TL, St John E, et al. Radioimmunoassay using 
a monoclonal antibody to monitor the course of epithelial 
ovarian cancer. N Engl J Med 1983; 309: 883-7. 

9. Hunter RE, Doherty P, Griffin TW, et al. Use of indium-1 11 
labeled OC 125 monoclonal antibody in the detection of 
ovarian cancer. Gynecol Oncol 1987; 27: 325-37. 

10. Chatal J-F, Fumoleau P, Saccavini J-C, et al. Immunoscinti- 
graphy of recurrence of gynecologic carcinomas. J Nucl Med 
1987; 28: 1807-19. 

11. Barzen G, Mayr AC, Langer M, et al. Radioimmunoscin- 
tigraphy of ovarian cancer with 131-iodine labeled OC-125 
antibody fragments. Eur J Nucl Med 1989; 15: 42-8. 

12. Malamitsi J, Sharlos D, Fotiou S, et al. Intracavitary use of 
two radiolabeled tumor-associated monoclonal antibodies. J 
Nucl Med 1988; 28: 1910-5. 

13. Lehtovirta P, Kairemo KJA, Liewendahl K, Seppala M. OC 
125 immunoscintigraphy and immunolymphoscintigraphy in 
ovarian and fallopian tube cancer. Cancer Res 1990; 50: 

1. Thedrez P, Saccavini J-C, Nolibe D, et al. Biodistribution 
of indium-111 labeled OC 125 monoclonal antibody after 
intraperitoneal injection in nude mice intraperiotoneally 
grafted with ovarian carcinoma. Cancer Res 1989; 49: 3081- 
6. 

5. Moseley KM, Battaile A, Knapp RC, Hisma HJ. Localization 
of radiolabeled f( ab), fragments of monoclonal antibodies in 
nude mice bearing intraperitoneally human ovarian cancer 
xenografts. Int J Cancer 1988; 42: 368-72. 

16. Miiller-Gartner H-W, Montz R, Klapdor R, Hirschmann M, 
Rehpenning W, Langkowski J. Radioimmunbehandlung 
solitarer Lebermetastasen mittels intratumoraler Instillation 
131 J-markierter monoklonaler Antikorper- Erste Ergebnisse 
einer klinischen Studie. Nucl Med 1988; 27: 258-65. 

937-40. 



''Y-MAbs THERAPY OF NUDE MOUSE OVARIAN CANCER XENOGRAFTS 805 

17. Riva P, Arista A, Mariani M, et al. Radioimmunotherapy of 
brain glioblastoma by direct intratumor injection of 1-131- 
labelled BC-2 monoclonal antibody: clinical experiences in 
I 1  patients. In: Hofer R, Bergmann H, Sinzinger H, eds. 
Radioactive isotopes in clinical medicine and research, Stutt- 
gart: Schattauer, 1993: 40-4. 

18. Ljunggren K, Strand S-E. Beta camera for static and dynamic 
imaging of charged-particle emitting radionuclides in biologi- 
cal samples. J Nucl Med 1990; 31: 2058-63. 

19. Anderson-Berg WT, Squire RA, Strand M. Specific radio- 
immunotherapy using 9oY-labeled monoclonal antibody in 
erythroleukemic mice. Cancer Res 1987; 47: 1905- 12. 

20. Wessels BW, Rogus RD. Radionuclide selection and model 
absorbed dose calculations for radiolabeled tumor associated 
antibodies. Med Phys 1984; 1 1 :  638-45. 

21. Hnatowich DJ, Chino1 M, Siebecker DA, et al. Patient 
biodistribution of intraperitoneally administered yttrium-90 
labeled antibody. J Nucl Med 1988; 29: 1428-34. 

22. Mather SJ, Tolley DM, White GW. Labelling monoclonal 
antibodies with yttrium-90. Eur J Nucl Med 1989; 15: 307-12. 

23. Matsueda GR, Margolies MN. Structural basis for the species 
selectivity of a fibrin-specific monoclonal antibody. Biochem- 
istry 1986; 25: 1451-5. 

24. Wahlstrom T, Nieminen P, Suni J, et al. Renal cell adenocar- 
cinoma expresses a retrovirus P-30 related antigen excreted 
into urine. Lab Invest 1985; 53: 464-9. 

25. Strand S-E, Ljunggren K, Kairemo K, et al. Functional 
imaging and dosimetric applications of the beta camera in 
radioimmunodiagnosis and radioimmunotherapy. Antibody 
Immunoconj Radiopharm 1991; 4: 631-5. 

26. Fand I. Sharkey RM, McNally WP, et al. Quantitative whole- 
body autoradiography of radiolabeled antibody distribution 
in a xenografted human cancer model. Cancer Res 1986; 46: 
271 -7. 

27. Jain RK. Physiological barriers to delivery of monoclonal 
antibodies and other macromolecules in tumors. Cancer Res 
1990; SO: 814-9. 

28. Vaughan ATM, Anderson P, Dykes PW, Chapman CE, Brad- 
well AR. Limitations to the killing of tumours using radiola- 
belled antibodies. Br J Radio1 1987; 60: 567-78. 

29. Coodwin DA, Meares CF, McCall MJ, McTigue M, Chaova- 
pong W. Pretargeted immunoscintigraphy of murine tumors 
with "'In-labeled functional haptens. J Nucl Med 1988; 29: 

30. Paganelli G, Belloni C, Magnani P. Two-step tumour target- 
ting in ovarian cancer patients using biotinylated monoclonal 
antibodies and radioactive streptavidin. Eur J Nucl Med 1992; 

31. Owens RJ, King DJ, Howat D, et al. Tumor-binding proper- 
ties of B 72.3 Fv fragments (Abstract). Antibody Immunoconj 
Radiopharm 1991: 4: 43. 

32. Nakamura K, Kubo A, Hashimoto S. Enhanced tumor 
targeting and phannacokinetic change of monoclonal anti- 
body by interferon (Abstract). Antibody Immunoconj Radio- 
pharm 1991; 4: 43. 

33. Waldmann TA. IL-2 receptor directed therapy of patients 
with leukemia/lymphoma, autoimmunity to organ allografts 
(Abstract). Antibody Immunoconj Radiopharm 1991; 4 44. 

34. Norrgren K, Strand S-E, Nilsson R, et al. Evaluation of 
extracorporeal immunoadsorption for reduction blood back- 
ground in diagnostic and therapeutic applications of Mabs. 
Antibody Immunoconj Radiopharm 1991; 4: 907-14. 

35. Sgouros G. Plasmaphereis in radioimmunotherapy of micro- 
metastases: a mathematical modeling and dosimetric analysis. 
J Nucl Med 1992; 33: 2167-79. 

36. Pentlow KS, Graham MC, Lambrecht RM, Cheung NK, 
Larson SM. Quantative imaging of '241 using positron 
emission tomography with applications to radioimmuno- 
diagnosis and radioimmunotherapy. Med Phys 1991; 18: 357- 
66. 

37. Kairemo KJA, Daghighian F, Brownell A-L, et al. Positron 
emission tomography for diagnosis of ovarian cancer meta- 
stases using 1-1 24 labeled monoclonal antibody in a nude rat 
model. J Nucl Med 1990; 31: 764. 

226 - 34. 

19: 322-9. 


