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ABSTRACT

The apoptosis of bone tumor cells treated with internal irradiation by 153Sm-

EDTMP was studied. The morphological changes in bone tumor cells were observed

by fluorescence microscopic and microautoradiographic observations. It was found

that bone tumor cells internally irradiated with l53Sm-EDTMP» displayed signifi-

cant nuclear fragmentation and marked pyknosis as well as apoptotic bodies forma-

tion. The microautoradiographic study showed that 153Sm-EDTMP could permeate

through cell membrane and displayed membrane-seeking condensation in tumor

cells. Soon afterwards 153Sm-EDTMP could be phagocytized by the tumor cells and

distributed in cytoplasm and nucleus in the form of phagosome. With the prolonga-

tion of observing time, the membrane-bounded apoptotic bodies was observed. With

the lengthening of internal irradiation time by 153Sm-EDTMP, the inhibition rate of

proliferation of bone tumor cells increased progressively.

• The project was supported by the International Atomic Energy Agency.
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INTRODUCTION

The favourable characteristics of radionuclide 153Sm-EDTMP permit optimal

internal radiotherapy for clinical application Cl]. Now 153Sm-EDTMP (Ethylenedi-

aminetetramethylene phosphonate) has been used in patients requiring analgesia for

pain arising from disseminated skeletal metastsis unresponsive to all appropriate

conventional treatment modalities C2-1. 153Srn-EDTMP is effective not only in allevi-

ating the pain of disseminated skeletal metastasis, but also in treatment of recurrent

pain t3]. But up to date»its mechanism in the treatment of painful skeletal metastasis

is still unknown [4]. Therefore, we paid attention to study apoptosis of bone tumor

cells induced by 153Sm-EDTMP with fluorescence microscopic and microautora-

diographic observations.

1 EXPERIMENTAL METHODS AND RESULTS

1. 1 Cell culture conditions

Bone tumor cells were harvested and maintained in RPMI 1640 (GIBCO) sup-

plemented with 10% fetal calf serum, 100 u/ml penicillin, 100 fig/ml streptomycin,

2 mmol/L 1-glutamine as well as 5X10"5 mol of 2-mercaptoethanol, which was

known as the complete RPMI 1640 medium. The tumor cells were kept in an atmo-

sphere containing 5% CO2 at 37 °C and used when in exponential growth [5]. Cells

were harvested from exponential-phase maintenance cultures using trypsin: versene

(0. 05 ! 0. 02%) treatment of monolayer cultures. Thereafter, the bone tumor cells

were washed three times with Ca+ +- and Mg + + - free Hanks solution. Single cell

suspensions were prepared with complete RPMI 1640 medium and the cells were

counted using a hemocytometer. Finally, the suspensions were adjusted to a concen-

tration of 2 X10* cells/ml.
153Sm-EDTMP with radioactive and chemical purity was used in this study.

The bone tumor cell suspensions at 2 X 10s cells /ml was added 1 ml of 153Sm-

EDTMP solution with radioactivity of 3. 7X102 kBq/ml in complete RPMI 1640

medium in a 24-well microtitration plate. Then the cells were incubated in a 5%

CO2 atmosphere at 37'C for 3, 6, 9, 12 and 24 h with 153Srn-EDTMP.

1. 2 Fluorescence microscopic observations

The bone tumor cells were suspended in complete RPMI 1640 medium to form

suspensions at 2X 106 cells/ml. 1 ml of the cell suspension was added to 24-well mi-

crotitration plate. Then 1 ml of 153Srn-EDTMP with radioactivity of 3. 7X102
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kBq/ml also in complete RPMI 1640 medium was added to each experimental

well. To control wells, only 1 ml RPMI 1640 medium was added. The microtitra-

tion plates were then incubated in 5% C02 at 37 'C for 3, 6, 9, 12 and 24 h. After

internal irradiation with 153Sm for different intervals, the tumor cells were harvest,

and washed 5 times with Hanks solution in order to remove the free radioactivity of
153Sm-EDTMP. After a while, the bone tumor cells were suspended in hypotonic

fluorescent solution which consist of 50 mg/ml pyridine iodide and 0. 1% sodium

acetate as well as 0. 1 % triton X-100 1-6] ,in order to examine the morphology of nu-

clei of bone tumor cells.

The experimental results indicated that fluorescence microscopic appearance of

Pi-stained nuclei of the control bone tumor cells after 12-h incubation in RPMI

1640 medium alone was as shown in Fig. 1. The tumor cells showed heterogeneous

nuclear chromatin, while bone tumor cells internally irradiated with 153Sm-EDTMP

displayed marked nuclear fragmentation (see Fig. 2). Fig. 3 shows marked pyknosis

in nuclei of bone tumor cells. A tremendous fragmentation and the apoptotic bodies

formation were observed in the nuclei of tumor cells as shown in Fig. 4.

Fig. 1 Fluorescence microscopic appearance of Pi-stained nuclei of control

bone tumor cells after 12-h incubation in RPMI 1640 medium alone.

The tumor cells show heterogeneous nuclear chromation (X1250)



Fig. 2 Fluorescence microscopic appearance of Pl-stained nuclei of

tumor cells after 12-h internal irradiation with U3Sm-EDTMP.

The cell nuclei show marked fragmentation (X1250)

Fig. 3 Fluorescence microscopic appearance of Pl-stained nuclei of

tumor cells after 24-h internal irradiation with 15JSm-EDTMP.

The cell nuclei show marked pyknosis (X1250)



Fig. 4 Fluorescence microscopic appearance of Pi-stained nuclei of

tumor cells after 24-h internal irradiation with l s lSm-EDTMP. A tremendous

fragmentation and apoptotic bodies formation can be seen in nuclei (X1250)

1. 3 Microautoradiographic observations

Microautoradiographic study on bone tumor cells internally irradiated with
153Sm-EDTMP for 3,6,9,12 and 24 h in a 5% CO2 atmosphere at 37 'C. Microau-

toradiographic procedures were as follows: 20 /il each of control and experimental

tumor cells were mounted separately on microscopic slides, which were then coated

with thin collodion membrane. Thereafter, the slides were smeared with type N-4

liquid nuclear emulsion» which was 1 * 1 diluted with double distilled ion-free wa-

ter, and put into 10% stable reagent 6-nitrobenzene miazol[7]. The slides were then

allowed to be exposed to dry nitrogen sphere condition for 3 d at 0 'C. After 3 d of

exposure, the emulsion-coated sections were developed and fixed at 18 °C for 12

min. Soon afterwards,the slides were washed with running water and dipped in 5%

glycerol solution. The sections were soon double stained with hematoxylin and eosin

with reformed method C8]. Relative regional autoradiographic activity was then de-

termined by visualization of autoradiographic activity tracks in internally irradiated

tumor cells.

The microautoradiographic study showed that 153Sm-EDTMP could penetrate

through cell membrane as shown in Fig. 5.



Fig. 5 Autoradiography of bone tumor cells after 6-h
internal irradiation with 1S3Sm-EDTMP. The tracks of

153Sm-EDTMP can be observed in cell membrane (X2000)

Fig. 6 displays membrane-seeking condensation with tracks of 153Sm-EDTMP

in bone tumor cells. The autoradiographic tracks indicated that 153 Sm-EDTMP

could be phagocytized by bone tumor cells (see Fig. 7). Fig. 8 shows that the tracks

of 153Sm-EDTMP are distributed in cytoplasm and nucleus in the form of phago-

some. The autoradiographic tracks of 153Sm-EDTMP were also observed in mem-

brane-bounded apoptotic bodies as shown in Fig. 9.

Fig. 6 Autoradiography of bone tumor cells after 9-h
internal irradiation with 15JSm-EDTMP. The tracks can be
observed in cell membrane and nuclear membrane (X2000)



< • *

Fig. 7 Autoradiography of bone tumor cells after 12-h

internal irradiation with 153Sm-EDTMP. The tracks show that
1S3Sm-EDTMP could be phagocytized by bone tumor cells (X2000)

Fig. 8 Autoradiography of bone tumor cells after 24-h internal

irradiation with mSm-EDTMP. The tracks show that "JSm-EDTMP

is distributed in cytoplasm and nucleus in the form of phagosomes ( X 2000)
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Fig. 9 Autoradiography of bone tumor cells after 24-h internal

irradiation with 153Sm-EDTMP. The tracks are observed

in membrane-bounded apoptotic bodies ( X 2000)

1. 4 Inhibition rate of proliferation

The inhibition rate of proliferation of bone tumor cells after internal irradiation

with 153Sm-EDTMP was measured by colorimetric MTT assay '-9-1. 1 ml of the tu-

mor cell suspensions at 2X 106 cells/ml were added to 24-well sterile microtitration

plates. Then 1 ml of 153Srn-EDTMP with radioactivity of 3. 7X102 kBq/ml also in

complete RPMI 1640 medium was added to each experimental well. To control

wells, only 1 ml RPMI 1640 medium was added. Thereafter, the microtitration

plates were maintained at 37 "C in a humidified atmosphere containing 5% CO2 for

3, 6, 9, 12 and 24 h. After internal irradiation with 153Sm-EDTMP for different

intervals, the tumor cells were harvested and washed with Hanks solution. Cell sus-

pensions were adjusted to 5 X105 cells/ml and put into 55-well Elisa microplate of a

volume of 100 /jtl/well in replicate. Then 10 }A of MTT solution (5 mg/ml in sterile

PBS, filtered through a 0. 22 fim filter) was added and the microplates were incu-

bated in 5% CO2 atmosphere at 37 "C for 4 h. Finally, 100 fil of SDS was added

to each well and the microplates were incubated over night. The absorbance (A)

was measured on DG-3O22A Elisa microplate reader at wavelength of 540 nm.

From experimental results, the inhibition rate of proliferation of bone tumor

cells after internal irradiation with 153Sm-EDTMP for different intervals is shown

in Table 1. The inhibition rate of proliferation of bone tumor cells increased pro-
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gressively with prolonging the time of l53Sm-EDTMP internal irradiation. Especial-

ly, the inhibition rate of proliferation of bone tumor cells increased significantly af-

ter treatment with 153Sm-EDTMP for 6 h to 24 h.
Table 1 The Inhibition Rate of Proliferation of Bone Tumor Cells after

Internal Irradiation with '"Sm-EDTMP for Different Intervals

Time/h

0

3

6

9

12

24

MTT,

Control

0. 45±O. 07

0. 57±0. 01

0. 62±0. 02

0. 65±0.03

0. 71±0. 05

0. 78±0. 03

As.o

'"Sm-EDTMP

0. 45±0. 07

0. 53±0. 02

0.54 ±0.08

0. 50±0.14

0. 43±0.12

0. 29±0. 04

Inhibition

rate/%

-

7.1

12.9"

23.1"

39.4"

62.8"

•P<0. 051 " P < 0 . 01.

2 DISCUSSION

Previous study was directed towards external radiation induced apoptosis in

cells [10]. In present study, bone tumor cells were internally irradiated with '"Sm-

EDTMP. After irradiations the apoptotic changes in these cells displayed significant

nuclear fragmentation, and marked pyknosis in nuclei, as well as apoptotic bodies

formation. In the meantime, the microautoradiographic study showed that '"Sm-

EDTMP could permeate through cell membrane and displayed membrane-seeking

condensation in bone tumor cells. Thereafter, l53Sm-EDTMP could be phagocytized

and distributed in cytoplasm and nucleus in the form of phagosome. At the same

time, the membrane-bounded apoptotic bodies were observed. Our experimental re-

sults indicated that progression of apoptosis of bone tumor cells induced by '"Sm-

EDTMP was dependent on the 153Srn-EDTMP exposure time.

As a rule, the inhibition rate of cell proliferation was enhanced with prolonga-

tion of irradiation time. The present study showed that with the prolongation of in-

ternal irradiation time by 153Sm-EDTMP,the inhibition rate of proliferation of bone

tumor cells increased progressively.
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