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The aim of our present study was to explore a potential use of '*’I-labeled murine monoclonal antibody M75 that
recognizes carbonic anhydrase IX (CA IX) in the immunotargeting of human cervical carcinoma xenografts in nude mice.
CA IX is a hypoxia-inducible antigen, whose expression is significantly associated with carcinomas of the uterine cervix,
whereas normal cervical tissue does not express CA IX protein. M75 monoclonal antibody was labeled with '*°I and used to
quantify hypoxic induction of CA IX expression in vitro in HeLLa human cervical carcinoma cells by immunoradiometric
assay. HeLa cells showed inducible expression of CA IX in vitro by hypoxia (0.1% O,) and various hypoxia mimicking
agents (Coz*, Ni2*, Mn?*, desferrioxamine, o-phenanthroline and Na,S,0,). CA IX expression was also upregulated in the
centre of HeLa multicellular clusters (spheroids) corresponding to the conditions of chronic hypoxia. For the immuno-
targeting study, >>I-M75 was intravenously injected into immunodeficient mice bearing HeLa cervical carcinoma xeno-
grafts. Biodistribution profile showed selective and preferential accumulation of '**I-M75 mAb in CA IX expressing HeLa
xenografts in comparison with control unreactive >I-T111 antibody. Specificity was also confirmed by low uptake in CA
IX negative C33A xenografts. In addition, CA IX expression in cervical carcinoma xenografts was analyzed by immuno-
histochemistry with M75. Detailed immunohistochemical analysis of HeLa xenograft sections revealed perinecrotically
intensified expression of CA IX.

These results indicate that M75 mAb, recognizing CA IX antigen, has targeting properties which could be potentially

useful in radioimmunodetection or radioimmunotherapy of human cervical carcinomas and derived metastases.
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Cervical carcinoma is one of the most common cancer of
women’s reproductive tract. It represents a worldwide pro-
blem, causing 190,000 deaths yearly, with highest incidency
in women living in developing countries [33].

Effective treatment of cervical cancer requires precise
staging of a malignant lesion. Several examinations of the
abdomen and pelvis, such as ultrasonography, computed
tomography (CT), magnetic resonance imaging (MRI), po-
sitron emission tomography (PET), lymphangiography, etc.
are used for evaluation of anatomic extent of tumor infiltra-
tion. Examinations based on radioimmunodetection of cer-
vical cancer may provide efficient choice for noninvaisve
radiologic staging. Radiolabeled monoclonal antibodies
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Agency (No. 2/2025/22) and Bayer Corporation.

(mAbs) selective for tumor-associated antigens have been
effectively used in several clinical studies for radioimmuno-
detection of tumors by radioimmunoscintigraphy and for
radioimmunotherapy with certain antitumor response [8].
Utilizations of mAbs in immunotargeting, resp. radioimmu-

Abbreviations: BSA — bovine serum albumin; CA IX — human carbonic
anhydrase IX protein; CA9 — human carbonic anhydrase 9 gene; CIN —
cervical intraepithelial neoplasia; CT — computed tomography; DFO — des-
ferrioxamine; FIGO —staging nomenclature of the International Federation
of Gynecology and Obstetrics; HIF1o— hypoxia-inducible factor 1o; % ID/g—
uptake; mAb — monoclonal antibody; M75 — CA IX specific monoclonal
antibody; LET - linear energy transfer; MRI — magnetic resonance imaging;
oPE - o-phenanthroline; PBS — phosphate buffered saline; PET — positron
emission tomography; pVHL - protein product of von Hippel-Lindau gene;
RBE - relative biological effectiveness; SDS-PAGE - sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis; VEGF — vascular endothelial
growth factor.
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nodetection or radioimmunotherapy of cervical carcinomas
were relatively rarely reported [6, 38, 39].

CA IX antigen is a transmembrane glycoprotein ectopi-
cally overexpressed in several types of cancer, while it is not
expressed in normal counterparts. Normal cervical tissue
without association with dysplasia or carcinoma are nega-
tive for CA IX, or only focally and weakly express CA IX,
whereas cervical dysplastic or malignant tissues exhibit high
association (higher than 90% ) with CA IX expression [24].
CA IX was proposed as a valuable diagnostic biomarker of
cervical intraepithelial squamous and glandular neoplasia
and cervical carcinomas [3,24] and early diagnostic biomar-
ker of cervical dysplasia [25]. In the extensive study of Liao
and co-workers [24] M75 mAb was used for imunohisto-
chemical analysis of CA IX expression in large collection
of tissue samples and demonstrated presence of CA IX in
91% of CIN (82% of low-grade squamous intraepithelial
lesions (condylomatous atypias and CIN-1: mild dysplasias)
and 100% of high-grade ones (CIN-2: moderate dysplasias
and CIN-3: severe dysplasias and carcinoma in situ)). Ex-
pression of CA IX in CIN positively correlates with grading,
i. e. with probablity of malignant progression. In the case of
cervical carcinomas, expression of CA IX was detected in
100% of squamous cell carcinomas, 93% of adenocarcino-
mas and in 100% of adenosquamous cell carcinomas [24].
Another studies showed a somewhat lower, but still signifi-
cant expression of CA IX in adenosquamous carcinomas
and adenocarcinomas [7] and in precursor lesions, CIN [34].

Significant association of CA IX expression with cervical
cancer have led us to investigate a potential utility of M75
mADb in immunotargeting of cervical carcinoma. For this
purpose, HeLa human cervical carcinoma xenografted
nude mice were intravenously injected with '*I-labeled
M75 or control T111 mAbs and organ biodistribution ana-
lysis was performed.

Material and methods

Cell lines and culture conditions. HeLa cervical adenocar-
cinoma cells (ATCC CCL-2), C33A cervical carcinoma
cells (ATCC HTB-31), SiHa squamous cervical carcinoma
cells (ATCC HTB-35) and CaSki epidermoid cervical car-
cinoma cell line (ATCC CRL-7915) were grown in DMEM
medium supplemented with 10% (v/v) heat-inactivated fe-
tal calf serum. The HCE 16/3 immortalized cervical epithe-
lial cells (provided by Prof. Vaheri, Helsinki) were grown in
DMEM/F12 (1:1) medium with 2% (v/v) heat-inactivated
fetal calf serum, 5 ug/ml insulin, 5 ug/ml EGF, 5 ug/ml hy-
drocortisone, 10™'° M cholera toxin, 5 ug/ml transferin and
1.4 ng/ml 3,3",5-triiodo-L-thyronine. All cell culture media
were standardly supplemented with 2 mM L-glutamine and
gentamicin (160 pg/ml). Cell cultures were maintained at
37 °C in a humidified 5% CO, atmosphere.

Hypoxic exposure. For experiments with hypoxic induc-
tion of CA IX, HeLa cells were plated at a low density
2.5x10° cells per 6 cm dish, 1 day before hypoxic, or nor-
moxic exposures. HeLa cells used for plating sparse density
cell cultures, were maintained at least two passages at low
density. The cells were then exposed to normoxia without or
with 200 uM CoCl,, 200 uM MnCl,, 300 uM NiCl,, 200 uM
desferrioxamine (DFO), 150 uM o-phenanthroline (oPE)
and 2 mM Na,S,0, (in sealed flasks) or to hypoxia for 16 h.
Hypoxic conditions were achieved in a Napco 7000 incuba-
tor, which maintained an humidified atmosphere with 5%
CO,,0.1% O, and the balance made up of nitrogen. Experi-
mental incubations were done in normal growth medium for
16 h. Expression of CA IX was determined by immunora-
diometric assay as described below.

Spheroid culture. HeLa cell culture (previously main-
tained at least for 96 h at low density) were seeded as a single
cell suspension of 7.5x10° cells per 10 cm petri dish coated
previously with 0.7% agarose to obtain a non-adhesive sur-
face. Culture medium was changed every 2 days. After 14
days of cultivation, spheroids were harvested, fixed in neu-
tral-buffered formalin, and embedded in paraffin. Paraffin
sections (4 um thick) were dewaxed and used for immuno-
histochemical staining with M75 mAb or hematoxylin-eosin
staining as described below.

Monoclonal antibodies, radiolabeling and immunoreac-
tivity. The murine mAb M75 is an IgG2b that reacts with an
epitope localised in a proteoglycan domain of CA IX [32,
40]. T111 mADb, an antibody specific for glycoprotein gB of
HSV [5], was used as an isotype-matched, irrelevant con-
trol. Both mAbs were purified from hybridoma culture
supernatant by affinity chromatography on protein A-Se-
pharose CL-4B column (Pharmacia Biotech). The purity of
mAbs was verified by SDS-PAGE.

The monoclonal antibodies were labelled with Na'*I by
chloramine-T method as described by Hunter (1978) [17].
Briefly mAb (50 ug) was incubated with 18.5 MBq of Na'*I
(ICN Biomedicals, Inc.) and 20 pg of chloramine T in glass
tubes for 1.5 min at 4 °C. Reaction was then stopped by
addition of Na,S,0O5 and KI to a final concentration of 5
mM and 45 mM, respectively. All reagents were dissolved
in 0.1 M phosphate buffer (pH 7.5) immediately before la-
beling. Free Na'*I was removed by size exclusion chroma-
tography using a Sephadex G50 column (Pharmacia
Biotech). Specific activity was determined after precipita-
tion by trichloroacetic acid. The immunoreactive fraction of
1251.M75 was determined by the in vitro cell-binding assay,
using HeL a cells corresponding to the biodistribution study.
Immunoreactivity assay was based on the linear extrapola-
tion of the radiolabeled antibody binding at an infinite ex-
cess amount of antigen according to the method of Linbmo
[27]. Briefly, 2x10° cpm of '*’I-M75 was incubated with in-
creasing number of HeLa cells (trypsinized from dense cell
culture) in a total volume of 1 ml of culture medium (in
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triplicates) for 2 h at 37 °C. HeLa cell suspensions were then
extensively washed and bound radioactivity was measured
by Clinigamma counter (Pharmacia LKB) at 60 s counting
intervals. Nonspecific binding was determined in the pre-
sence of 100-fold molar excess of unlabeled M75 and sub-
stracted from the total binding to calculate a specific
binding. The saturation binding data were transformed
and plotted as the reciprocal of the cell number against
the reciprocal of the fraction bound. Obtained data were
fitted with a least squares linear regression method. The
immunoreactive fraction was calculated as the reciprocal
value of the fraction bound intercept.

Immunoradiometric assay. The cells were incubated with
1251-M75 mAb 5x10° cpm.ml™ at 37 °C for 2 h and then
washed. The cultures were then extracted by RIPA lysis
buffer (1% Triton X-100, 0.1% sodium desoxycholate, 1
mM PMSF, 20 pg/ml trypsin inhibitor, 1 mM ethylenedia-
minetetraacetic acid in PBS) for 30 min at room tempera-
ture, extracts were centrifuged and concentration of
proteins in supernatants was determined by bicinchoninic
acid protein assay kit (Pierce) according to the manufac-
turer’s instructions. Radioactivity in cell extracts was mea-
sured by Clinigamma counter (Pharmacia LKB) at 60
s counting intervals. Radioactivities of samples were nor-
malized to protein amount and results were expressed as
means with corresponding standard deviations.

Western blotting. The confluent cell monolayers were ex-
tracted by RIPA lysis buffer for 30 min at room tempera-
ture. The extracts were then centrifuged (15 min at 13 000
rpm) and concentration of proteins was determined by
BCA assay (Pierce) according to the manufacturer’s in-
structions. Samples were separated by electrophoresis on
a10% SDS-PAGE gel, blotted onto PVDF membrane (Im-
mobilon™.-P, Millipore, Bedford). The membrane was in-
cubated with '*°I-labeled M75 mAb and then exposed to X-
ray film (FUIJI photo film, Japan).

Histological and imunohistochemical analysis of tumor
sections. Dissected tumors were fixed in neutral-buffered
formalin and embedded in paraffin according to standard
histological procedures. Dewaxed and rehydrated sections
(4 um) were used for histological and immunohistochemical
analysis. For immunohistochemistry, slides were blocked by
incubation in 50 mM Glycine in PBS two times for 10 min at
room temperature and then in 1% BSA in PBS for 30 min at
37 °C. Endogenous peroxidase was blocked by 5 min incu-
bation with 3% H,O, in distilled water at room tempera-
ture. Slides were then washed with PBS and incubated with
biotinylated M75 (0.7 ug.ml™ in 0.5% BSA) for 1 hat 37 °C.
Sections were then extensively washed with 0.2 % Tween-
20 in PBS and incubated with streptavidin-HRP (2 ug.ml
in 0.5% BSA) for 1 h at 37 °C. Diaminobenzidine was used
as a chromogenic substrate and sections were counter-
stained with Mayer’s hematoxylin.

Biodistribution study. CD-1 nu/nu mice, 6-8 weeks of age

(Charles River, Germany) were injected subcutaneously
with 5x10° of HeLa cells or 1.5x10” of C33A cells. When
the tumors had achieved approximately 0.5 cm diameter
(after ~2-3 weeks), 0.37 MBq of '**I labeled M75, or control
T111 monoclonal antibody was administered intravenously
via the tail vein. Groups of four mice that received the '*I-
M75 or 'I-T111 were sacrificed by cervical dislocation and
dissected 48 h after injection. The '*I radioactivity of tumor
and tissues of interest were measured by Clinigamma coun-
ter (Pharmacia LKB) at 60 s counting intervals. Uptakes
were corrected for radiodecay and expressed as percentage
of injected dose per gram of tissue (% ID/g).

Results

CA IX expression in cervical carcinoma cell lines. Expres-
sion of CA IX in cervical cells and in cell lines derived from
cervical carcinomas was analyzed by Western blotting (Fig.
1). HCE16/3 immortalized ektocervical cells displayed
weak expression of CA IX. SiHa, HeLLa and CaSki cervical
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Figure 1. CA IX expression in cell lines derived from the cervix uteri ana-
lyzed by Western blotting. A, expression of CA IX in confluent cell cultures
of HCE16/3, C33A, SiHa, CaSki, and HeLa. B, expression of CA IX in sparse
(LD) and dense (HD) HeLa cells. 40 ng of protein extracts from dense cell
cultures were loaded per lane.
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Figure 2. Induction of CA IX expression in HeLa cells by hypoxia, hypoxia
mimicking transition metals and iron chelators. Low density HeLa cells were
exposed to normoxia (21% O,) with indicated agents or to hypoxia (0.1%
0,) for 16 h and than CA IX expression was analyzed by inmunoradiometric
assay, n=3.
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Figure 3. CA IX expression in multicellular HeLa human cervical carcinoma spheroid. HeLa spheroids were fixed in neutral-buffered formalin and paraffin
embedded. A, the expression of CA IX in spheroid sections was immunohistochemicaly detected with M75 mAb and counterstained with Mayer’s hematox-
ylin. As can be seen CA IX is expressed predominantly in the centre of the spheroid. B, HeLa spheroid microphotograph. C, CA IX expression in HeLa

spheroids analyzed by Western blotting.
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Figure 4. Determination of immunoreactive fraction of >I-M75 by extra-
polation to antibody binding at infinite antigen excess. 2x10° cpm of '*I-M75
mADb (with or without 100-fold molar excess of unlabeled M75) was incu-
bated with increasing number of HeLa cells at 37 °C for 2 h. The cells were
then washed and counted in a gamma counter. Reciprocal values of obtained
data were fitted with a least squares linear regression method and immunor-
eactivity was calculated as the reciprocal value of the fraction bound inter-
cept.

carcinoma cell lines showed strong expression of CA IX,
whereas C33A cell line does not express CA IX due to
deletion of locus encoding CA IX [26]. HeLa cell line was
selected for further in vitro characterization of hypoxic in-
duction of CA IX expression and for in vivo study of M75
mADb mediated targeting of cervical carcinoma xenografts
in nude mice. And C33A cell line was used as CA IX nega-
tive control for '*>I-M75 biodistribution study.

Induction of CA IX expression in vitro by hypoxia, hy-
poxia mimicking agents and iron chelators. Hypoxia induci-
ble expression of CA IX was demonstrated in the low
density plated HeLa cells, which do not express CA IX
(Fig. 1B). Expression of CA IX in dense HeLa cell culture

(Fig. 1A and 1B) is caused by a high cell density-mediated
lowered oxygen tension [20]. As can be seen (Fig. 2) expres-
sion of CA IX was induced with hypoxic exposure (0.1%
0,), or by stimulation with hypoxia mimicking cations of
transition metals Co?*, Ni** and slightly by Mn**. Hypoxic
induction was also achieved by incubation with Na;S,0,
(2 mM) which is able to effectively eliminate oxygen from
the culture medium. Induction of CA IX by Co** and Ni**
divalent cations corresponds with possible displacement of
oxygen from a putative heme-containing sensor [12]. Re-
cent observation also suggests that Co** and Ni** ions bind
to cullin-2 and affects the function of E3-ligase complex [21]
and by this mechanism stabilise HIF1o and may induce CA
IX expression. Strong upregulation of CA IX expression
was achieved by iron-chelators o-phenanthroline (structur-
al analog of 2,2’-dipyridyl, 150 uM) and desferoxamine (200
uM). Iron chelators mimic hypoxia by interference with an
oxygen-dependent proline and asparagine hydroxylation of
HIF10 [23] or probably by exhaustion of Fe(II) from Fenton
reaction [10].

Multicellular cervical carcinoma HeLa cell spheroids
were studied as a model of micrometastases with chronic
hypoxia. Many studies well document gradient profiles of
oxygen tension across the spheroids [1]. Therefore, interior
of large multicellular cluster (spheroid) simulates hypoxic
areas of tumor located distantly from blood capillary or near
to defective blood capillary. CA IX expression was ob-
served especially in those spheroids whose diameter was
greater than approximately 200 ym. CA IX expression
was predominantly localized in the central rim of HeLa
spheroids and only limited expression was present in the
peripheral cell layers (Fig. 3A), likewise as it was observed
in the case of another hypoxia induced protein, VEGF [13].

Radiolabeling efficiency and immunoreactivity. M75 and
T111 mAbs were radioiodinated with chloramine T method
to specific activities of 0.205 MBq.ug ' and 0.158 MBq.ug™,
respectively. Radiolabeling usually achieved '*’I-isotope
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Figure 5. Biodistribution profiles of **I-labeled M75 and T111 mAbs. A, comparision of uptakes of >>[-M75 mAb (black bars) versus >*I-T111 mAb (open
bars) in HeLa tumor xenograft and normal tissues. B, comparison of uptakes of '>I-M75 mAb in HeLa xenografted (black bars) versus C33A xenografted
(open bars) in tumor and normal tissues. Groups of mice (n=4) were intravenously injected with 0.37 MBq dose of appropriate mAb and 48 h later dissected

and analyzed.

incorporation of 62% for M75 and of 43% for T111, and
amounts of free I in the radiolabeled mAb preparations
after size exclusion chromatography on Sephadex G50 was
less than 0.2%. The immunoreactive fraction of '*I-M75
mADb after radioiodination determined by linear extrapola-
tion of antibody binding to an infinite amount of antigen
(Fig. 4) was 39.2%. The immunoreactivity of '*I-T111 was
not determined (irrelevant).

Biodistribution study of > I-M75 in human cervical car-
cinoma xenografted nude mice. The biodistribution data of
125].labeled M75 mAb in athymic nude mice bearing HeLa
cervical carcinoma xenograft are presented in Figure 5. The
uptake (% ID/g) of '*I-M75 in HeLa tumor xenograft was
distinct in comparison with normal tissues 48 h after injec-
tion (Fig. 5a). '*I-M75 was significantly accumulated by
HeLa xenograft, whereas normal tissues (liver, spleen, kid-
ney, lung, bone, stomach, esophagus, colon, heart, pan-
creas, brain, muscle, skin, bile and bladder) had lower
accumulation of the radioactivity.

When '®I-T111 was administred as a control antibody,
biodistribution pattern in normal organs was similar to M75,
with the exception of the HeLa xenograft (Fig. 5a). Injec-
tion of '*’I-M75 into C33A xenografted nude mice further
confirmed specificity of M75 localization (Fig. 5b). Uptake

of '*’I-M75 in CA IX negative C33A xenografts was signif-
icantly lower when compared with CA IX positive HeLa
tumors. And therefore, accumulation of '*>I-M75 in HeLa
xenografts was not caused by passive localization, but as
a result of specific antibody-antigen interaction.

Histological and immunohistochemical analysis of tumor
sections. H-E staining of both HeLLa and C33 A tumor xeno-
graft sections showed extensive content of eosinophilic re-
gions (Fig. 6a and 6b). These areas were deeply infiltrated
predominantly by mononuclear leukocytes and partialy by
polymorphonuclear leukocytes and macrophages. Tumor
cells in these regions displayed cellular degeneration, such
as pycnotic nucleus, karyolysis and karyorrhexis — all fea-
tures of necrosis. The average extent of necrosis in HeLa
xenografts was approximately 30%. Detailed immunohis-
tochemical analysis revealed perinecrotically intensified ex-
pression of CA IX in HeLa xenograft sections (Fig. 6d),
whereas control sections of C33A xenograft were immuno-
histochemicaly negative for CA IX expression (Fig. 6¢). CA
IX staining pattern in HeLa tumor xenograft sections re-
flects tumor cell heterogeneity, xenograft composition —
presence of CA IX negative stroma and corresponds with
hypoxia-inducible expression of CA IX.
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Figure 6. Hematoxylin-eosin staining of C33A (a) and HeLa xenograft sections (b). Imunohistochemical analysis of CA IX expression in neutral-buffered
formalin-fixed paraffin embedded C33A (c) and HeLa (d) xenograft sections using the avidin-biotin technique with 3,3’-diaminobenzidine as chromogen.
Note: n-necrosis. Tumor sections were stained with biotinylated M75 mAb followed by streptavidine-HRP and than counterstained with Mayer’s hematoxylin.

Discussion

Despite the existence of effective screening procedures
based on Papanicolaou exfoliative cytologic test, cervical
cancer still remains a significant cause of mortality [33].
Early stages of cervical cancer (FIGO Ib, Ila) are usually
surgicaly treated with radical hysterectomy and pelvic/peri-
aortic lymphadenectomy. The more advanced cases (FIGO
IIb and greater) require primary treatment with radiother-
apy (external-beam radiation and intracavitary brachyther-
apy). The late stages of cervical carcinoma have
considerably unfavorable survival rates. Cervical carcino-
mas are radioresponsive tumors with curability adversely
affected by hypoxia [35]. In generaly, hypoxic tumors re-
spond poorly to chemotherapy and radiotherapy [4]. It is
known for a long time that tumor oxygenation is essential
for efficient radiotherapy of tumors with sparsely ionizing

radiation (x- or y-rays) with low linear energy transfer
(LET), because oxygen plays crucial role in fixation of ra-
diation lesions [36]. In addition, intratumoral hypoxia has
significant influence on malignant progression of solid tu-
mors [15] and thus it is associated with poor local control
and survival of patients after therapy [4]. Hypoxia as a com-
mon feature of the most human cervical carcinomas [15] has
been reported to be a predictive factor for treatment failure
and survival in cervical cancer [14, 22]. Patients with more
hypoxic cervical carcinomas have significantly increased
risk of nodal and distant metastases, and have greater fre-
quency of subsequent relapse than those with better oxyge-
nated tumors [11, 15]. Hypoxic cervical cancer associated
with low-apoptotic index demonstrate aggressive behavior
with extremely poor outcome for clinical patients [16]. The
relevance of tumor hypoxia in prognosis of cancer treat-
ment lead to development of hypoxia imaging techniques
[9] and bioreductive drugs [19]. Immunotargeting of hy-
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poxic areas of solid tumors mediated by specific monoclonal
antibody represents a novel alternative approach for detec-
tion of tumors, and of intratumoral hypoxia, respectively. In
addition, targeted delivery of therapeutic agents conjugated
to this monoclonal antibody to the hypoxic regions of tu-
mors may enhance the efficiency of anticancer therapy.

CA IX is a transmembrane carbonic anhydrase whose
expression is closely associated with carcinomas of cervix,
esophagus, kidney, colorectum, lung, breast, bladder and
skin [24, 37]. In normal tissues, CA IX expression was ob-
served only in epithelia of gastrointestinal tract [24, 31].
Therefore CA IX appears as a suitable target antigen for
radioimmunodetection and radioimmunotherapy of multi-
ple epithelial malignancies. In the recent time, expression of
CA9 has been found strongly upregulated by low tension of
oxygen [2, 18, 37]. Minimal promoter of CA9 gene contains
aHIF-1 dependent hypoxia response element (HRE) and
transcription of CA9 is tightly regulated by oxygen con-
troled HIF-1/pVHL mechanism [37]. Although, real func-
tion of CA IX is not known, carboanhydrase activity of CA
IX probably help to maintain intracellular acidobasic home-
ostasis in the conditions of hypoxic tumor microenviron-
ment. CA IX was proposed as an intrinsic marker of
intratumoral hypoxia [2] also for hypoxic cells of cervical
carcinoma [28, 30]. CA IX expression and hypoxia marker
pimonidazole showed excellent colocalization in sections
from tumors of patients with cervical carcinomas [30]. Also
direct measurements of tumor oxygenation with polaro-
graphic needle electrode in patients with cervical carcinoma
showed significant positive correlation between CA IX ex-
pression and the level of tumor hypoxia [28]. This clinical
study confirmed that CA IX as a intrinsic marker of intra-
tumoral hypoxia is a prognostic indicator of overall survival
after radiation therapy [28]. Positive relationship between
CA IX expression and radioresistance was also observed in
murine model with SiHa cervical carcinoma xenografts [30].
Altogether, these reported data suggest that CA IX expres-
sion reflects intratumoral hypoxia in cervical carcinomas
and correlates with radioresistance of tumor cells.

In the present study we investigated targeting potential of
1251.M75 mAb in nude mice bearing cervical tumor xeno-
grafts. Nude mice were xenografted with HeLa cell line
which exhibited strong inducibility of CA IX expression
by hypoxia and hypoxia mimicking agents in vitro. Analysis
of biodistribution profile of '*’I-M75 in normal and tumor
tissues showed selective accumulation in CA IX positive
HeLa xenografts. Despite relatively low immunoreactivity
of "*I-M75 obtained after radiolabeling with chloramine T,
significant tumor uptake was achieved and may be probably
further improved by utilization of another radioiodination
methods with milder oxidation conditions, such as iodogen,
or by indirect radiolabeling with Bolton and Hunter’s acy-
lating agent. Elevated plasmatic activity of '*I-M75 may be
reduced by elimination of unbound M75 from circulation by

extracorporeal immunoadsorption or by pretargeting strat-
egy. The tumor specific uptake of '**I-M75 reflects CA IX
expression, respectively extension of hypoxic areas and
therefore, radioimmunodetection of CA IX may provide
significant diagnostic and prognostic information. High le-
vel of CA IX expression (induced by large intratumoral
hypoxia) detected by radiolocalization of M75 mAb may
have indicative significance for selection of patients who
need more radical approach then radiotherapy alone or
who can undergo hyperoxic treatment [29] or therapy with
bioreductive drugs [19].

Tumor selective accumulation of M75 also suggests pos-
sible utilization of this antibody in targeted delivery of ther-
apeutic agents (radioisotopes, cytotoxic drugs, conditionaly
toxic enzymes etc.) to the tumor cells. M75 mediated tar-
geted delivery of radioisotopes can selectively improve ra-
diation dose to hypoxic regions of tumors. M75 labeled with
a-particle emitters (*'?Bi, *'°Bi and *'' At) could be poten-
tially used for radioimmunotherapy of cervical carcinomas,
because immunotargeting of x-emission with high LET
(~100 keV.um™) (whose relative biological effectiveness
(RBE) is independent on oxygenation) to CA IX positive
hypoxic areas can solve problem of radioresistance of hy-
poxic tumor cells to x-, y- and f-radiation with low LET
(0.1-3 keV.um™).

M75 or other CA IX specific monoclonal antibodies ef-
fective in radioimmunotargeting of cervical malignancies
and metastases could be potentially usefull also for tumor
imaging and radioimmunoguided surgery approach. Pat-
tern of spread of cervical carcinoma involves direct invasion
to the adjacent vaginal fornices or to the paracervical and
parametrial tissues and dissemination occurs also through
the lymphatic network or by hematogenous route in ad-
vanced stages. The most frequent metastatic organs are li-
ver, lungs, brain, bones, mediastinal and supraclavicular
lymph nodes. Thus radioimmunoscintigraphy of the pelvis
or whole body with M75 may help to define the extent of
tumor growth and guide therapy decisions. Other imaging
modalities, MRI and PET with appropriately labeled M75
may further increase the accuracy of detection and nonin-
vasive staging of cervical carcinomas.

In conclusion, this preliminary study indicates that M75
mADb is a potential tool for radioimmunotargeting of cervi-
cal cancer and targeting properties of this antibody will be
studied further.
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