
Abstract. Background: The overexpression of Ck19 antigen
occurs frequently in human carcinomas. The strategy and
mechanism of radioimmunotherapy using Re-188-mAbCx-99
to Ck19 on human cervical carcinoma cells was investigated
in this study. Materials and Methods: Using mAbCx-99, the
overexpression of Ck19 protein in lysates of cell lines and
tissues from various patients’ cervixes were verified by
immunobinding and immunoblot analysis. The therapeutic
effect of Re-188-mAbCx-99 on ME180 cells was examined in
vitro by cell proliferation, apoptosis, DNA fragmentation and
internucleosomal levels. Results: A relatively high expression of
Ck19 was found in all human cervical carcinoma cell lines (4-
to 44-fold) and in tissue lysates (26.8- to 79-fold) from patients
(31 out of 34) with cervical, endometrial or ovarian
carcinomas compared with that of benign or normal control
samples. The growth inhibition of ME180, CC7T and Hela
cells were significantly higher (p<0.001) in the Re-188-
mAbCx-99-treated (60-80%) than in the Re-188-MOPCIgG1-
treated lines (8-18%) after 72-h treatment. After 48 h of
treatment with Re-188-mAbCx-99, ME180 cells significantly
exhibited DNA fragmentation and morphological features of
apoptosis. This effect markedly elevated the expression of p21,
p53 and Bcl-xS protein, while the Mcl-1 and Caspase-8

proteins were down-regulated. Conclusion: We suggest that an
elevated Ck19 level is associated with disease stage in most
patients with cervical cancer. The therapeutic effect of Re-188-
mAbCx-99 was verified through apoptosis on targeting the
enriched Ck19 protein of carcinoma cells.

Cervical carcinoma is a supravaginal disease that is

prevalent in many countries. Screening for cervical

carcinoma by cervicovaginal cytology indicates that

approximately 80% of the current incidence and mortality

of this disease occurs in a geographic area of under-served

and under-screened women (1). Although several candidate

biomarkers have been used to monitor cervical carcinoma

(2, 3), the early diagnosis and treatment of cervical

carcinoma remains difficult. Cytokeratin (Ck) fragments

have been utilized in monitoring the diagnosis or treatment

of cervical carcinoma (4, 5). The expression of cytokeratin

modified and influenced the chemosensitivity of cancer cells

to anti-cancer drugs (6, 7). Since Ck8, Ck18 and Ck19 are

generally associated with simple epithelia and are grouped

together by classification, Ck19 may also have an influence

on the drug resistance of cancer cells. Elevated Ck19 levels

were clinically found to be a useful marker for the

progression of lung and oesophageal cancers (8, 9).

Furthermore, the overexpression of Ck19 has not only been

regarded as a tumor marker for prognostic evaluation of

cervical carcinoma (10), but is also associated with apoptotic

resistance to anti-cancer drugs (7, 10). Thus, the

chemotherapeutic efficiency is restrained by the

overexpression of Ck19 that will minimize the efficacy of

chemotherapy in cervical cancers (7). Nevertheless,

overexpression of Ck19 may provide an alternative

approach to treat cervical cancers by radiolabelling mAb

against Ck19.
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Beta-irradiation, used for systemic radioimmunotherapy

(RIT), is an efficient treatment approach in vitro and in vivo.

The strategy with radiolabelled mAbs has been shown to be

beneficial in the treatment of hematopoietic neoplasm and

solid tumors (11-13). Due to the fact that the indium-111

(In-111)-mAbCx-99 could be used to monitor the tumor in

a cervical carcinoma-bearing nude mouse model (14, 15),

we hypothesized that radiolabelling mAb against Ck19 may

be used as a tool for the therapy of Ck19-overexpressing

cervical carcinoma. Rhenium-188 (Re-188) (T1/2 = 16.9 h)

is produced from beta decay of the tungsten-188 (W-188)

parent (T1/2 = 69 d). In addition to the emission of high

energy beta particles (maximal energy of 2.12 MeV, average

energy of 769 keV), Re-188 also decays with emission of a

gamma photon (energy of 155 keV, 15%) for imaging. Re-

188 would be the radioisotope of choice in the study

because it simultaneously provides an efficient model for

both radioimmunotherapy and radioimmunodetection.

Apoptosis induced by Re-188 beta-irradiation has been

studied in leukemia and lymphoma in vitro (16). It was

valuable to determine whether Re-188-mAb directly induced

apoptosis and its molecular mechanism in cervical

carcinoma. The first purpose of the study was to evaluate the

effect of Re-188-labelled mAbCx-99 (Re-188-mAbCx-99) in

cervical carcinoma cells and the second was to investigate the

possible therapeutic molecular mechanism related to

apoptosis induced by Re-188-mAbCx-99 on Ck19-

overexpressing cervical cancer cells. To study the effect of

Re-188-mAbCx-99 in human cervical cancer ME180 cells,

the alterations in protein levels of p21, c-Jun, p53, Mcl-1 and

the Bcl-2 family in cells during apoptosis were examined.

Materials and Methods

Cell lines. Two epidermoid and one squamous human cervical

carcinoma cell lines (Caski, ME180 and HeLa) and two control cell

lines (a foreskin cell line, FS-4 and a mouse embryo cell line, 3T3)

were obtained from the American Tissue Culture Collection

(ATCC, Rockville, MA, USA). A cervical carcinoma cell line

(CC7T) was kindly provided by Dr. T.M. Chang (Taipei-Veterans

General Hospital, Taipei, Taiwan). All of these cell lines were

maintained in DMEM medium containing 10% fetal calf serum

(FCS), 3 mM glutamine, 100 U/ml penicillin, 100 Ìg/ml

streptomycin and 40Ìg/ml gentamycin.

Patients. Samples from 26 patients in Taipei-Veterans General

Hospital, Taiwan, were studied, including patients with 5 early-

stage and 21 advanced cervical carcinoma, 8 endometrial or ovarian

carcinoma, as well as 6 control benign neoplasia.

Preparation of Rhenium-188. Rhenium-188 was obtained from an

alumina-based W-188/Re-188 generator, as described previously (17).

Elution of the W-188/Re-188 generator with normal saline provided

solutions of carrier-free Re-188 as sodium perrhenate (NaReO4). The

generator has demonstrated consistently high Re-188 yields and low

parent breakthrough for a period of at least 3 months (18).

Labelling of antibody with Re-188. The mAbCx-99 is a murine IgG1

monoclonal antibody, specific for the epitope of an approximate

37-kDa glycoprotein of human cervical carcinoma cells (19). An

irrelevant murine IgG1 (MOPCIgG1; Litton Bionetic Inc.,

Charleston, SC, USA) was used as the control immunoglobulin.

Both mAbCx-99 and MOPCIgG1 were purified as previously

described (13). MOPCIgG1 and mAbCx-99 were labelled with Re-

188 through slight modification of the method of Griffiths et al.
(20). The disulfide bridge of mAbCx-99 (100 Ìg in 200 Ìl PBS) was

cleaved with 2-mercaptoethanol (3.6 ÌM) (E. Merck, Darmstadt,

Germany) after stirring for 30 min at room temperature (RT).

After purification using a Sephadex G-50 column, the reduced

mAbCx-99 was stored frozen under inert gas in a microcentrifuge

tube until required. Reduced mAbCx-99 was labelled with Re-188

immediately using the Osteolite kit containing medronate disodium

10 mg and stannous chloride 0.6 mg (Du Pont Merck

Pharmaceutical, MA, USA) as an transchelator for 10 to 12 h at

RT under inert gas, and the radiolabelled antibody was then

purified with a Sephadex G-50 column. The specific activity was 8

to 12 ÌCi/Ìg of protein. Quality control was determined by spotting

samples on instant thin-layer chromatography silica gel (ITLC-SG,

Gelman), using normal saline (0.9% NaCl) as the mobile phase.

The radioactivity was monitored with a Bioscan Imaging Scanner

(Packard, USA).

Cell culture. In this study, ME180 cells (5x105) were seeded into

3.5-cm culture dishes for 24 h prior to treatment. The cells were

then incubated with medium containing Re-188-mAbCx-99 or Re-

188-MOPCIgG1 (80-120 ÌCi/ml) at 37ÆC for 1 h. Control cells

were fed with culture medium only. After incubation, the cells were

washed and further cultured in fresh medium for 3 to 6 days. The

growth of cells was determined by counting the viable cells with

trypan blue staining. The morphological changes and cell survival

of treated and untreated cells were examined under a microscope

and recorded. These cells were also used for studying apoptotic

characteristics.

Reactivity of mAbCx-99 to carcinoma cells. Approximately 2x104

cervical carcinoma cells (ME180 and Hela) and the control cells

(FS-4) were added separately into 96-well plates (Costar,

Cambridge, MA, USA) and reacted with 50 Ìl culture medium

containing Re-188-mAbCx-99 or Re-188-MOPCIgG1 (3x105

cpm/well) at RT for 1 h, respectively. The cells were washed with

TBS (phosphate-buffered saline containing 0.05% Tween-20 and

1% bovine serum albumin, pH 7.2) and harvested using Cell

Harvester (Cambridge Technology Inc., Watertown, MA, USA),

and the radioactivity was measured using a gamma counter (LKB,

Instrument Ltd., Wallac, Finland).

Immunofluorescent (IF) or flow cytometric analysis. The specific

reactivity of mAbCx-99 towards the cervical cancer cell line ME180

was also determined by the IF method after fixing the adherent

cells onto a chamber coverglass (Lab-Tek, Nagle Nunc, Naperville,

IL, USA) with 70% ethanol for 30 min at 4ÆC. Fixed cells were

reacted sequentially with diluted 50 Ìl culture medium (1:200)

containing mAbCx-99 or MOPCIgG1, and FITC-antimouse IgG

(1:100 dilution) (Cappel, Turnhout, Belgium) for 30 min at RT.

The cells were then microscopically examined with a Confocol

Microscope (FV300, Olympus, Japan). For flow cytometric

analysis, growing cells were trypsinized, and the processes for fixing

with ethanol and reacting with antibodies were the same as
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described above. The fluorescence staining of Ck19 was assayed by

a FACStar flow cytometer with an argon laser tuned to the 488-nm

line for excitation (Becton-Dickinson, Lincoln Park, NJ, USA).

Western blot analysis. Carcinoma cell or tissue extracts were

prepared and Western blot was performed, as previously described

(10). Aliquots of protein samples (5 Ìg/lane) were fractionated

using 12% SDS-polyacrylamide gel electrophoresis and then

electrotransferred onto a nitrocellulose membrane. After blocking,

the blots were incubated subsequently with diluted mAbCx-99

(1:5000 in PBS), HRP-conjugated rabbit anti-mouse IgG (1:2000,

DAKO Corp, Carpinteria, CA, USA) and an enhanced

chemilluminescence reagent (ECL; Amersham, UK). The binding

intensity of protein bands on the X-ray film was calculated using

an ImageQuaNTTM Analyzer (Molecular Dynamics Inc., Sunnyvale,

CA, USA). The relative intensity was calculated from the intensity

of protein bands of the carcinoma cell extract over that of the

control cell extract using ImageQuaNTTM software, according to

the user’s guide.

Western blot was also performed with rabbit anti-human

antibodies for p21 or c-Jun (Transduction Lab., San Diego, CA,

USA), Mcl-1, Bcl-xL, Bcl-xS or p53 (Santa Cruz, Biotec Inc., CA,

USA) and Caspase-8 (PharMingen, San Diego, CA, USA) on

whole cell extract preparation from treated and untreated ME180

cells. Signals were visualized with ECL analysis followed by

exposure to X-ray films.

Cytotoxicity assay. The cytotoxic activity of Re-188-mAbCx-99 on

ME180 cells was measured with an MTT (3-[4,5-dimenthylthiazol-2-

yl]-diphenyl-tetrazolium bromide) assay kit (Chemicon Inc.,

Temecula, CA, USA). Adherent ME180 or control FS-4 cells

(2x104/well) were treated with a medium containing Re-188-mAbCx-

99 or Re-188-MOPCIgG1 (80-120 ÌCi/10 Ìg/ml) at 37ÆC for 1 h.

After washing, the treated cells were further incubated for 3 or 6 days

and 50 Ìl of 0.5% MTT reagent was added for 4 h before assay. The

formazan formation was extracted with 50 Ìl dimethyl sulfoxide

(DMSO) and quantified in an ELISA Reader at 550 nm. The number

of living cells was confirmed by trypan blue exclusion staining.

DNA fragmentation. DNA fragmentation, an apoptotic

characteristic, was performed as previously described (21). ME180

cells (5x105) were seeded into culture dishes (3.5 cm) and allowed
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Figure 1. Binding reactivity of mAbCx-99 to Ck19-expressing ME180 (1) and the control FS-4 cells (3) by immunofluorescent (B) and flow cytometric
(C) analysis. Cell samples were fixed in 70% ethanol for immunofluorescent analysis. Some were trypsinized and fixed for flow cytometric analysis. The
anti-Ck19 monoclonal antibody (mAbCx-99) and fluorescence isothiocyanate (FITC)-conjugated rabbit anti-mouse immunoglobulins were used to stain
Ck19 proteins on ME180 (1B) and FS-4 cells (3B). MOPCIgG1 (2B) was also used to stain ME180 cells as a control sample. Phase microscopic view
of ME180 (1A and 2A) and FS-4 (3A) cells were also examined. Cells containing Ck19 emitting fluorescence in channels were enumerated as a
percentage of the total population (C).



to attach 24 h prior to treatment. Adherent cells were treated with

Re-188-mAbCx-99 or Re-188-MOPC (80-120 ÌCi/ml) at 37 ÆC for

1 h. The cells were then washed gently and further cultured for 12

to 120 h. After that, they were lysed periodically with 0.5 ml lysis

buffer (5 mM Tris-HCl, pH 8.0, 1 mM EDTA and 0.25 NP-40),

followed by the addition of RNase (20 Ìg/ml) at 37ÆC for 1 h. The

cells were then treated with proteinase K (300 Ìg/ml) for an

additional 1 h, and DNA was then isolated. The DNA was

resuspended in 10 mM Tris-HCl buffer (pH 8.0) containing 1 mM

EDTA and quantified. The same amount of DNA from each

sample was loaded and electrophoresed on a 1.5% agarose gel in

Tris-borate buffer (pH 8.0) containing 1 mM EDTA.

Quantitative internucleosomes. To study the role of Re-188-mAbCx-

99 on cell apoptosis, another apoptotic parameter, internucleosomes,

was defined according to the method described in the Cell Death

Detection ELISAPLUS kit (Roche Molecular Biochemicals,

Mannheim, Germany). Cell lysates were placed onto a streptavidin-

coated MTP (microtiter plate) and then mixed with anti-histone-

biotin and anti-DNA-POD for 2 h of incubation. The nucleosome

(cytoplasmic histone-associated-DNA-fragments) was captured by

the MTP via its biotinylation. After washing with buffer solution,

ABTS solution was then added for color development. The quantity

of nucleosomes was measured at 405 nm against ABTS solution as a

blank (reference wavelength approximately 490 nm).

Statistical analysis. The results were presented as means ± SD. The

paired Student’s t-test was used for group comparisons. Values of

p<0.05 were considered significant.

Results

Expression of Ck19 in cervical carcinoma cells. The

expression of Ck19 protein in cervical carcinoma cell lines

(Caski, CC7T, ME180, HeLa) was tested by

immunoblotting. From ImageQuaNTTM analysis, the mean

ratio of binding activity to Caski, CC7T, ME180 and HeLa

cells was 38.5±5.8, 32.4±4.7, 30.5±4.1 and 5.1±1.2,

respectively. The results showed that the Ck19 level in

cervical carcinoma cell extracts was greatly elevated

compared with that in control FS-4 (1.0±0.1) or 3T3 (0)

cells. The expression of Ck19 density in those cervical

carcinoma cell lines was approximately amplified from 4-

to 44-fold mean ratio over that in the control cells. Our

results indicated that the expression of Ck19 was

significantly elevated in all cervical carcinoma cell lines

compared with the control cell lines (p<0.001). Moreover,

Ck19 was species-specific since it was undetectable in the

mouse cell line 3T3.

Specific reactivity of Re-188-mAbCx-99. We used

immunofluorescent or flow cytometric analysis to

determine the binding reactivity between anti-Ck19

antibody and Ck19-expressing ME180 cells. From both

assays, ME180 cells (98.6%) (Figure 1, 1B and 1C) in

comparison with FS-4 control cells (8.4%) (Figure 1, 3B

and 3C) reacted with mAbCx-99, or ME180 cells (0.5%)

reacted with MOPC IgG 1 (Figure 1, 2B and 2C). Both

results indicated the highly specific reactivity of mAbCx-99

to Ck19-expressing ME180 cells.

The specific reactivity of radiolabelled mAbCx-99 to the

cervical carcinoma cell lines was also analyzed by the

binding assay. The binding reactivity of Re-188-mAbCx-99

to ME180 (44,197±1390 cpm) or Hela (47,914±570 cpm)

was much higher (>17-fold) than that of Re-188-

MOPCIgG1 to ME180 (2,486±261 cpm) or Re-188-

mAbCx-99 to the control FS-4 cells (2,235±103 cpm) (Table

I). From Scatchard analysis of mAbCx-99-binding affinity,

its association constant (Ka) was found to be Ka= 4.44±0.81

x 108 mol-1 (Mean±S.E.M, for three experiments)

(unpublished data).

Elevated expression of Ck19 in malignant cervical cancer
tissues. To analyze the expression of Ck19 in human cervical

cancer tissues, immunoblot analysis of tissue extracts was

performed (Figure 2). The protein profile of tissue extracts

from a portion of tissue samples was shown in immunoblot

analysis (Figure 2A). After quantitative imaging analysis, the

results indicated that all patients with advanced disease stage

and two patients with early disease stage showed a significant

elevation of Ck19 protein (Figure 2B). The relative intensity

of Ck19 expression in endometrial (mean ratio±SD;

26.8±13), ovarian carcinomas (45.8±9.6) and cervical

carcinoma tissues (34.8±24.3 to 79±18) was obviously higher

than that in benign neoplasia (myoma and adenomyosis)

(1.01±0.25) or normal cervical tissues (1±0.01). A

correlation tendency was found between elevated Ck19 level

and the clinical stage in most cases of patients with cervical

cancer (88.5%; 23 out of 26 tissue samples).

Effects of Re-188-mAbCx-99 on cell proliferation and
morphological changes. To study the role of Re-188-mAbCx-

99 on the cell apoptotic phenomenon, the effects of Re-188-
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Table I. Reactivity of Re-188-mAbCx-99 to human cervical carcinoma
cell lines.

Cell line Cell number (2x104/well) 

Hela 47914±570

ME180 44197±1390

ME180* 2487±261

FS-4 2235±103

Human cervical carcinoma cell lines (ME180 and Hela) and control

cell line (FS-4) were treated with Re-188-mAbCx-99 (3x105 cpm/well)

or *Re-188-MOPCIgG1 for 1 h at 37ÆC. After washing, the binding

radioactivity of the treated cells was counted. 
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Figure 2. Western blot analysis of Ck19 levels in tissue lysates of some patients with cervical cancer, other carcinomas or benign tumors (A). Protein 
(5 Ìg/lane) of tissue lysates were fractionated on SDS-PAGE electrophoresis and transferred onto nitrocellulose paper. Blots were subsequently
immunostained with mAbCx-99, HRP-conjugated rabbit anti-mouse IgG and an ECL reagent. The protein profiles of Ck19 in tissue extract from patients
with squamous cervical carcinomas (lanes 9 to 12), cervical adenocarcinomas (lanes 13 to 17) and normal cervical tissues (lanes 20 and 21) are shown
(A). Patients with endometrial (lanes 1 to 4), ovarian (lanes 5 to 8) and benign (lanes 18 and 19) tumors were used as a comparison. For imaging
quantitative analysis, the mean ratio was calculated from the binding intensity of mAbCx-99 to Ck19 in cancer over that in normal cervical tissues (B).
Number (n) of tissue samples was included in this experiment.



mAbCx-99 on cell proliferation and morphological changes

were assessed. In this study, the MTT assay was also used

to evaluate the effects of Re-188-mAbCx-99 (80-120

ÌCi/10Ìg/ml) on the proliferation of Ck19-overexpressing

ME180 cells. It was found that the proliferation of ME180

cells was significantly inhibited by treatment with Re-188-

mAbCx-99 (p<0.001; Table II), but not with free Re-188 or

Re-188-MOPCIgG1 for 3 to 6 days; however, this effect was

not found in the same reaction on the control FS-4 cells

(p>0.05). In the trypan blue exclusion test, the growth

inhibition of the Re-188-mAbCx-99-treated ME180, CC7T

and Hela cells (60-80%) was significantly higher than that

of the Re-188-MOPCIgG1-treated ones or Re-188-mAbCx-

99-treated FS-4 cells (8-18%)(Figure 3). In terms of

morphological changes, cells began to round up, developed

plasma membrane projections and were eventually

fragmented into membrane-bound vesicles after 48 h post-

treatment with Re-188-mAbCx-99 (Figure 4, T). However,

these apoptotic phenomena were not detected in untreated

cells (Figure 4, N) or cells treated with Re-188-MOPCIgG1

(Figure 4, TC). 

Re-188-mAbCx-99 induced DNA fragmentation. Cell

apoptosis was also assayed by DNA fragmentation after

post-treatment with Re-188-mAbCx-99 for 12 h, 24 h, 48 h,

72 h and 120 h. The results indicated that the DNA

fragmentation of ME180 cells was much enhanced after 48 h

post-treatment with Re-188-mAbCx-99. This tendency was

not found in the control groups of cells treated with Re-188-

MOPCIgG1 or culture medium (Figure 5).
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Figure 3. Effect of Re-188-mAbCx-99 on growth inhibition of carcinoma cells. Human adherent cervical carcinoma cells (ME180, Hela and CC7T) and the
control cells (FS-4) (2x104/well) were incubated with a culture medium containing Re-188-mAbCx-99 or Re-188-MOPC (80-120 ÌCi/ml). After 1 h of
incubation, the cells were washed and further cultured with fresh medium for 3 days. The cells were trypsinized, stained with trypan blue solution and counted.
The inhibition of cell proliferation was measured by the percentage of the number of living cells in the treated group over that in the untreated group.

Figure 4. Effects of Re-188-mAbCx-99 on cell morphological changes. Adherent ME180 cells (5x105) were co-cultured with the medium containing Re-
188-mAbCx-99 (80-120 ÌCi/ml) (T), Re-188-MOPC (TC) or fresh medium (N) for 1 h at 37ÆC. After washing, the cells were further cultured in fresh
medium for 3 days. Morphological changes of the experimental cells were analyzed by phase-contrast microscope (x 400). An example of the condensed
and fragmented cell nuclei is indicated with an arrow. These changes are apoptotic characteristics.



Internucleosomal level in apoptotic cells. Cell apoptosis was

further assessed by quantitative internucleosomal level.

Figure 6 shows that the internucleosomal level of ME180

cells was elevated in 2 days, and greatly enhanced 3 days

after treatment with Re-188-mAbCx-99 (T), but the

internucleosomal level in cells treated with Re-188-

MOPCIgG1 (TC) or in control cells (NC) remained

unchanged.

Modulation of p53, p21, c-Jun and Bcl-2 family expression by
Re-188-mAbCx-99. To study the effect of Re-188-mAbCx-99

on the protein levels of p21, c-Jun, p53, Mcl-1 and the Bcl-2

family, we examined the change of expression of these

proteins in cells during apoptosis. The apoptosis triggered by

Re-188-mAbCx-99 was associated with overexpression of

oncoproteins, Bcl-xS, p21 and p53 in ME180 cells. The basal

level of these proteins (Bcl-xS, p21 and p53) increased after

treatment with Re-188-mAbCx-99 for 24 h. Conversely, the

expression of anti-apoptotic protein, Mcl-1 and Caspase-8

declined after treatment with Re-188-mAbCx-99 (Figure 7).

The caspase-8 level decreased indicating the proteolytic

activation of caspase-8 during apoptosis.

Discussion

The experiments described here showed that Re-188-

radiolabelled mAbCx-99 could be used to detect the

expression of Ck19 in vitro in most cervical carcinoma cell

lines and cervical carcinoma tissues. In order to characterize

the mechanism of action of beta-irradiation in more detail,

we used only human ME180 cells for most studies.

Although apoptosis induced by beta-irradiation has been

studied, we demonstrated that the Re-188-mAbCx-99

specific for Ck19 could be successfully applied in
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Table II. Cytotoxic effect of Re-188-mAbCx-99 on human cervical
carcinoma cell line (ME180) and control normal cell line (FS-4).

Experimental Days after Absorbance (570 nm) 

groups treatment

ME180 FS-4 

Untreated control 3 1.573±0.21 1.356±0.14

6 1.626±0.166 1.536±0.24

Free Re-188-treated 3 1.521±0.268 1.248± 0.295

6 1.723±0.258 1.629±0.295

Re-188-MOPCIgG1-treated 3 1.324±0.139 1.247±0.142

6 1.585±0.139 1.587±0.142

Re-188-mAbCx-99-treated 3 0.705±0.115* 1.288±0.237

6 0.513±0.069* 1.388±0.139

Cells (2x104/ well) were cultured in the 96-well plate 24 h prior to

treatment with free Re-188, Re-188-MOPC or Re-188-mAbCx-99 (80-

120 ÌCi/10Ìg/ml). After 1 h of incubation, the cells were washed and

further cultured in fresh DMEM medium for 3 and 6 days. The

cytotoxic effect of the radiolabelled conjugates on cell proliferation was

assayed by MTT method at the end of the culture period. *Statistically

significant difference between Re-188-mAbCx-99-treated group and

other treated or untreated control groups (p<0.001).

Figure 5. Effects of Re-188-mAbCx-99 on DNA fragmentation in
apoptotic ME180 cells. Adherent cells were cultured in a 35-mm culture
dish and treated with Re-188-mAbCx-99 or Re-188-MOPCIgG1 (80-120
ÌCi/ml) for 1 h. After incubation, the treated cells were washed and
cultured with fresh medium. The cells were harvested at the time indicated
and their DNA was isolated. DNA was analyzed by 1.5% agarose gel
electrophoresis and visualized by UV illumination. NC: untreated control,
M: protein markers.

Figure 6. Internucleosomal level of apoptotic cells was measured with a
Cell Death Detection ELISAPLUS kit. Adherent cells were treated either
with Re-188-mAbCx-99 (80-120 ÌCi/ml) (T), Re-188-MOPCIgG1 (TC)
or a control medium (NC) for 1 h. After incubation, the cultured
supernatants were removed and replaced with fresh medium. The cells
were harvested at the indicated time (1, 2 and 3 days) and nucleosomes
were quantified according to the instruction guide of the kit.



radioimmunotherapy of human ME180 cells. This study

showed that apoptosis is induced in human cervical

carcinoma cells by Re-188 beta-irradiation.

Immunohistochemical staining of cancer tissues with

polyclonal or monoclonal antibodies has been widely used to

detect residual cancer cells and to evaluate the prognosis of

cancer patients (1). Ck19 has been recognized as a tumor

marker of human cervical carcinoma (5, 22). The

overexpression of Ck19 in cervical carcinoma cell lines

(ME180, CC7T, Hela and Caski) in the current study was

verified by Western blotting and a binding assay with specific

antibody, mAbCx-99. Indeed, its expression was very low in

the normal foreskin cell line FS-4. Our findings demonstrated

that the tumor tissues from all patients with advanced stages

of cervical, endometrial and ovarian carcinomas had

significantly elevated Ck19 levels in comparison with normal

or benign neoplasm tissues (Figure 2). Therefore, the

estimation of the Ck19 level seems to be helpful for

monitoring the disease status and may provide information

about the prognosis for cervical and ovarian cancer. However,

it was not applicable for the early diagnosis since elevated

Ck19 levels were insignificant in several patients (3 out of 5)

with early cervical carcinoma stage (Figure 2). By

immunohistochemical staining, it has been reported that an

elevated Ck19 level was clinically found in 48% of esophageal

SCC patients (9), 45% of squamous cell lung cancer patients,

39% of lung adenocarcinoma patients and 35% of small cell

lung cancer patients (8). In the present study, the Ck19 level

was found to be greatly elevated in approximately 88.5% (23

out of 26) of all cervical carcinoma, especially in advanced

disease stages (100%; all of the 22 patients), suggesting that

it may be a useful marker for cervical cancer prognosis.

Furthermore, overexpression of Ck19 in cervical cancers

could be a candidate antigen for radioimmunotherapy.

Although cytokeratins are mainly expressed in the cytosol

of tumor cells, the results from the specific reactivity of Re-

188-mAbCx-99 suggested that the CK19 was expressed on

the surface of the ME180 cell line. These results agreed

with previous studies that the presence of cytokeratin

molecules could be expressed on the surface of ME180 (23,

24) and some malignant epithelial cells (25-27). A slight

expression of Ck19 on the cell surface was presented on the

MCF7 breast cancer cell line (26). Ditzel et al. (28) showed

that cell surface cytokeratin could be recycled into an

intracellular compartment. According to our results, we

suggested that CK19 could be slightly expressed on the

surface of ME180 and that the expression could be detected

by the highly sensitive radioactivity of Re-188-mAbCx-99

binding with CK19 on the surface of ME180.

The p53, p21 and Bcl-2 family proteins are involved in

apoptosis triggered by a variety of apoptotic agents including

irradiation. It is suggested that cells are susceptible to

apoptosis when the expression of these genes are deregulated

(29). In previous reports, apoptosis induced by irradiation was

associated with an increased expression of mutated p53 protein

and up/down-regulated expression of the Bcl-2 family proteins

in some cancers (16, 30, 31). Although induction of the tumor

cell towards apoptosis after radioimmunotherapy has been

reported (16, 32), the molecular mechanisms by which beta-

irradiation induces cell death are still not understood in

cervical cancers. In this study, we showed that immunotherapy

with Re-188-mAbCx-99 increased the expression of several

apoptotic-related genes including p53, p21 and c-Jun. p53 can

transactivate numerous genes coding for proteins acting in the

apoptotic process, such as inducing cell cycle arrest via
expression of p21. The Bcl-2 family proteins, including Bcl-2,

Bcl-xS, Bcl-xL and Mcl-1, have been described as mediators of

either cell survival or cell death. We found that an apoptotic-

promoting Bcl-xS protein was up-regulated markedly, while an

anti-apoptotic protein, Mcl-1, was down-regulated by Re-188

irradiation in ME180 cells (Figure 7). This indicated that the

changes of these oncoproteins could be attributed to Re-188-

mAbCx-99-mediated radioimmunotherapy.
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Figure 7. Effects of Re-188-mAbCx-99 on protein expression of c-Jun,
p21, Mcl-1, Bcl-xS, Bcl-xL, p53 and caspase-8. Whole cell extract (10Ìl)
of untreated and Re-188-mAbCx-99-treated ME180 cells from indicated
time points (0, 24, 48, 72 and 120 h) were analyzed by immunoblotting
for c-Jun, p21, Mcl-1, Bcl-xS, Bcl-xL, p53 and caspase-8 protein
expression as described in "Materials and Methods". The a-Tubulin level
demonstrates approximately equal loading in each lane. The immunoblots
shown here represent the typical result from several independent times.



Re-188 irradiation-induced apoptosis was accompanied

with a mitochondrial- dependent mechanism and declining

mitochondrial transmembrane potential (16). In our study,

we examined the activation of caspase-8 during Re-188-

mAbCx-99 treatment. The results indicated that the

mitochondria play a role in beta-irradiation-mediated

apoptosis. Since the expression of Ck19 in cervical

carcinoma cells is associated with apoptotic resistance to

chemotherapy (7, 10), it may also restrain the efficacy of

radiotherapy with radiolabelling mAb. Our data conversely

indicated that radioimmunotherapy on the Ck19-enriched

cancer cells by using Re-188-mAbCx-99 is effective. Re-188

demonstrated several characteristics that make it a potential

therapeutic radiopharmaceutic for targeting therapy.

Radioimmunotherapy with Re-188-mAbCx-99 may have a

potential clinical implication in human cervical carcinoma,

or other Ck19-overexpressing cancers. It may be a good

therapeutic choice for those cancers with apoptotic

resistance to chemotherapy.

In conclusion, Re-188-mAbCx-99 was successfully

employed to treat Ck19-enriched cervical carcinoma.

Direct evidence of the therapeutic effects of Re-188-

mAbCx-99 on cervical cancer cells was the obvious

inhibition of cell proliferation and viability. In addition,

the apoptotic activity of Re-188-mAbCx-99 was associated

with the activation of p53, p21, c-Jun and caspase-8 and

down-regulation of Mcl-1 protein. Although an elevated

expression of Ck19 (6, 7, 10) has been associated with

apoptotic resistance to chemotherapy, our data clearly

show that Re-188-mAbCx-99 has a therapeutic effect on

Ck19-overexpressing cervical cancer cells. However, this

would be further determined by animal xenograft studies,

to demonstrate the therapeutic efficacy of Re-188-

mAbCx-99 in vivo.

Acknowledgements

This work was supported by grants from the Veterans

General Hospital and the National Science Council of

Taiwan (NSC89-NU-7-075-003 and N3109N3113 to L-C.

Tsai, T-W. Lee, S-T. Chen).

References

1 Taylor CR and Cote RJ: Immunohistochemical markers of

prognostic value in surgical pathology. Histol Histopathol 12:

1039-1055, 1997.

2 Busmanis I: Biomarkers in carcinoma of the cervix: emphasis

on tissue-related factors and their potential prognostic factors.

Ann Acad Med Singapore 27: 671-675, 1998.

3 Keating JT, Ince T and Crum CP: Surrogate biomarkers of

HPV infection in cervical neoplasia screening and diagnosis.

Adv Anat Pathol 8: 83-92, 2001.

4 Pras E, Willemse PH, Canrinus AA, de Bruijn HW, Sluiter WJ,

ten Hoor KA, Aalders JG, Szabo BG and de Vries EG: Serum

squamous cell carcinoma antigen and CYFRA 21-1 in cervical

cancer treatment. Int J Radiat Oncol Biol Phys 52: 23-32, 2002.

5 Yazigi R, Castillo R, Aliste G, Garrido J, Opazo A, Prado S,

Navarro C, Altieri E and Del Campo G: Cyfra 21-1 marker

in carcinoma of the cervix. Int J Gynecol Cancer 10: 203-206,

2000.

6 Bichat F, Mouawad R, Solis-Recendez G, Khayat D and

Bastian G: Cytoskeleton alteration in MCF7R cells, a multidrug

resistant human breast cancer cell line. Anticancer Res 17:

3393-3401, 1997.

7 Yuan CC, Huang HC, Tsai LC, Ng HT and Huang TS:

Cytokeratin-19 associated with apoptosis and chemosensitivity

in human cervical cancer cells. Apoptosis 2: 101-105, 1997.

8 Szturmowicz M, Sakowicz A, Wiatr E, Zych J, Zaleska J,

Rudzinski P and Rowinska-Zakrzewska E: Evaluation of the

value of determining levels of cytokeratin-19 fragments for

diagnosis of lung cancer. Pneumonol Alergol Pol 63: 609-614,

1995.

9 Yamamoto K, Oka M, Hayashi H, Tangoku A, Gondo T and

Suzuki T: CYFRA 21-1 is a useful marker for esophageal

squamous cell carcinoma. Cancer 79: 1647-1655, 1997.

10 Yuan CC, Huang TS, Ng HT, Liu RS, Hung MW and Tsai LC:

Elevated cytokeratin-19 expression associated with apoptotic

resistance and malignant progression of human cervical

carcinoma. Apoptosis 3: 161-169, 1998.

11 Bunjes D, Buchmann I, Duncker C, Seitz U, Kotzerke J,

Wiesneth M, Dohr D, Stefanic M, Buck A, Harsdorf SV,

Glatting G, Grimminger W, Karakas T, Munzert G, Dohner H,

Bergmann L and Reske SN: Rhenium 188-labeled anti-CD66

(a, b, c, e) monoclonal antibody to intensify the conditioning

regimen prior to stem cell transplantation for patients with

high-risk acute myeloid leukemia or myelodysplastic syndrome:

results of a phase I-II study. Blood 98: 565-572, 2001.

12 Schneider-Gadicke E, Humm JL, Lau CC, Macklis RM, Bastert

G and Knapp RC: Analysis of cytotoxicity of 131I-labelled

OC125 F(ab')2 on human epithelial ovarian cancer cell lines.

Radiother Oncol 23: 150-159, 1992.

13 Tsai LC, Lin JK, Han SH and Chen HM: Suppression of the

growth of human colorectal carcinoma cells (LS174T) by

radiolabeled monoclonal antibody (131I-MAbC27) in tissue

culture and nude mice. Dis Colon Rectum 31: 781-785, 1988.

14 Yuan CC, Tsai LC, Lee TW, Ng HP and Yeh SH:

Radioimmunodetection of human cervical carcinoma xenograft

by 111In-labeled monoclonal antibody MAb Cx-99. Int J

Gynaecol Obstet 49 Suppl: S33-38, 1995.

15 Yuan CC, Tsai LC, Shyong WY, Wang PH, Lee TW, Chang CT

and Ng HT: Radioimmunodetection of cervical carcinoma

xenografts with (111)In-labeled MAb Cx-99 detected by a hand-

held gamma detector. Eur J Gynaecol Oncol 23: 178-182, 2002.

16 Friesen C, Lubatschofski A, Kotzerke J, Buchmann I, Reske SN

and Debatin KM: Beta-irradiation used for systemic

radioimmunotherapy induces apoptosis and activates apoptosis

pathways in leukaemia cells. Eur J Nucl Med Mol Imaging 30:

1251-1261, 2003.

17 Hsieh BT, Callahan AP, Beets AL, Ting G and Knapp FF, Jr.:

Ascorbic acid/saline eluent increases 188Re yields after "Wet"

storage of 188W/188Re generators. Appl Radiat Isot 47: 23-

26, 1996.

Chang et al: Re-188-mAbCx-99 Induces Apoptosis on Cervical Cancer Cells

2727



18 Knapp FF, Jr., Callahan AP, Beets AL, Mirzadeh S and Hsieh

BT: Processing of reactor-produced 188W for fabrication of

clinical scale alumina-based 188W/188Re generator. Appl Radiat

Isot 45: 1123-1128, 1994.

19 Yuan CC, Tsai LC, Hsu SC, Ng HT, Tsai SJ, Chen HM, Hung

MW, Ho CK, Ho DM and Gill TJ 3rd: Production and

characterisation of a monoclonal antibody (Cx-99) against

cervical carcinoma. Br J Cancer 65: 201-207, 1992.

20 Griffiths GL, Goldenberg DM, Knapp FF Jr, Callahan AP,

Chang CH and Hansen HJ: Direct radiolabeling of monoclonal

antibodies with generator-produced rhenium-188 for

radioimmunotherapy: labeling and animal biodistribution

studies. Cancer Res 51: 4594-4602, 1991.

21 Tsai LC, Hung MW, Chang GG and Chang TC: Apoptosis

induced by the sodium butyrate in human gastric cancer TMK-

1 cells. Anticancer Res 20: 2441-2448, 2000.

22 Bonfrer JM, Gaarenstroom KN, Kenter GG, Korse CM, Hart

AA, Gallee MP, Helmerhorst TJ and Kenemans P: Prognostic

significance of serum fragments of cytokeratin 19 measured by

Cyfra 21-1 in cervical cancer. Gynecol Oncol 55: 371-375, 1994.

23 Vidrich A, Gilmartin ME, Zimmerman J and Freedberg IM:

Glycokerations – potential extracellular components of the

intracellular cytokeratin. J Invest Dermatol 80: 340, 1983.

24 Zimmerman J, Vidrich A, Gilmartin ME and Freedberg IM:

An extracellular subset of ME 180 keratins. J Cell Biol 95: 237a

(abstract), 1982.

25 Hembrough TA, Vasudevan J, Allietta MM, Glass WF 2nd and

Gonias SL: A cytokeratin 8-like protein with plasminogen-

binding activity is present on the external surfaces of

hepatocytes, HepG2 cells and breast carcinoma cell lines. J Cell

Sci 108 ( Pt 3): 1071-1082, 1995.

26 Godfroid E, Geuskens M, Dupressoir T, Parent I and Szpirer

C: Cytokeratins are exposed on the outer surface of established

human mammary carcinoma cells. J Cell Sci 99 ( Pt 3): 595-

607, 1991.

27 Donald PJ, Cardiff RD, He DE and Kendall K: Monoclonal

antibody-porphyrin conjugate for head and neck cancer: the

possible magic bullet. Otolaryngol Head Neck Surg 105: 781-

787, 1991.

28 Ditzel HJ, Garrigues U, Andersen CB, Larsen MK, Garrigues

HJ, Svejgaard A, Hellstrom I, Hellstrom KE and Jensenius JC:

Modified cytokeratins expressed on the surface of carcinoma

cells undergo endocytosis upon binding of human monoclonal

antibody and its recombinant Fab fragment. Proc Natl Acad Sci

USA 94: 8110-8115, 1997.

29 Joza N, Kroemer G and Penninger JM: Genetic analysis of the

mammalian cell death machinery. Trends Genet 18: 142-149,

2002.

30 Bristow RG, Benchimol S and Hill RP: The p53 gene as a

modifier of intrinsic radiosensitivity: implications for

radiotherapy. Radiother Oncol 40: 197-223, 1996.

31 Meyn RE, Stephens LC and Milas L: Programmed cell death

and radioresistance. Cancer Metastasis Rev 15: 119-131, 1996.

32 Burke PA, DeNardo SJ, Miers LA, Lamborn KR, Matzku S and

DeNardo GL: Cilengitide targeting of alpha(v)beta(3) integrin

receptor synergizes with radioimmunotherapy to increase

efficacy and apoptosis in breast cancer xenografts. Cancer Res

62: 4263-4272, 2002.

Received August 27, 2004
Revised January 4, 2005

Accepted February 7, 2005

ANTICANCER RESEARCH 25: 2719-2728 (2005)

2728


