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The mechanisms underlying the hyper-radiosensitivity of
AT cells were investigated by analyzing chromosome aber-
rations in the G, and M phases of the cell cycle using a com-
bination of chemically induced premature chromosome con-
densation (PCC) and fluorescence in situ hybridization (FISH)
with chremosome painting probes. Confluent cultures of nor-
mal fibroblast cells (AG1522) and fibroblast cells derived from
an individual with AT (GM02052) were exposed to vy rays and
allowed to repair at 37°C for 24 h. At doses that resulted in
10% survival, GM02052 cells were approximately five times
more sensitive to y rays than AG1522 cells. For a given dose,
GM02052 cells contained a much higher frequency of dele-
tions and misrejoining than AG1522 cells. For both cell types,
a good correlation was found between the percentage of ab-
errant cells and cell survival. The average number of color
junctions, which represent the frequency of chromosome mis-
rejoining, was also found to correlate well with survival. How-
ever, in a similar surviving population of GMO02052 and
AGI1522 cells, induced by 1 Gy and 6 Gy, respectively,
AG1522 cells contained four times more color junctions and
half as many deletions as GMO02052 cells. These results indi-
cate that both repair deficiency and misrepair may be in-
volved in the hyper-radiosensitivity of AT cells. © 2003 by Radi-

ation Research Society

INTRODUCTION

Ataxia telangiectasia (AT) is a human autosomally re-
cessive syndrome characterized by ncurological degenera-
tion, immune dysfunction, genomic instability, and high
rates of cancer incidence (I, 2). AT cell lines exhibit ab-
normal responses to agents that induce DNA double-strand
breaks (3, 4), including a pronounced sensitivity to ionizing

! Address for correspondence: Department of Radiology (L1), Graduate
School of Medicine, Chiba University, [-8-1 Inohana. Chuo-ku, Chiba-
shi. Chiba, 260-8670 Japan; e-mail: tkawata@med.m.chiba-u.ac jp.
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radiation. The diverse clinical features in individuals af-
fected by AT and the complex cellular phenotypes are all
linked to the functional inactivation of a single gene (AT
mutated) (5). Several theories have been proposed for the
underlying processes involved in this radiation hypersen-
sitivity, including loss of cell cycle arrest, DNA repair de-
ficiency, and impaired accuracy of DNA break rejoining.

In normal cells, ionizing radiation induces a delay in cell
cycle progression at a number of different checkpoints in-
cluding G,/S and G/M and a replication-associated S-phase
checkpoint. It is assumed that these delays in cell cycle
progression allow the cell time to repair radiation-induced
damage before the DNA undergoes replication. It has been
shown that AT cells do not undergo an appropriate arrest
at the G,/S-phase cell cycle checkpoint after uradiation (6—
10), and this loss of checkpoint control was therefore pro-
posed as the principal mechanism underlying the hypersen-
sitivity of AT cells to radiation (7, 71, 12).

However, studies of intrinsic radiosensitivity in confluent
nondividing cells, where the effects arising from cell cycle
progression are eliminated, have shown that AT fibroblasts,
unlike normal fibroblasts, have almost completely lost the
ability to repair potentially lethal damage (PLD) (13-17).
Slightly elevated levels of unrejoined DSBs have been de-
tected in AT cells after long incubation periods (/68, 19);
about 10% of the initial radiation-induced DNA breaks per-
sist in AT cells after 24 h compared to almost zero in nor-
mal cells. Since residual DSBs are strongly linked to cell
killing, chromosome aberrations, and genomic instability,
DNA repair deficiency has been proposed as the cause of
hyper-radiosensitivity in AT cells (9, 19, 20).

Recently, plasmid-based recombination assays have
demonstrated that the frequency of DSB misrepair in AT
cells 1s higher due to a process of error-prone recombination
21). Lébrich er al. (22) used pulsed-field gel electropho-
resis (PFGE) to investigate DSBs after exposure of cells to
80 Gy of X rays and found that the proportion of misre-
joined breaks was 50% higher in AT cells compared to
normal cells, suggesting that the hyper-radiosensitivity of
AT cells might result from impaired accuracy of break re-
joining. In sunimary, despite extensive studies concerning
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FIG. 1. G/M index in AGI522 cells exposed to 0 Gy and 6 Gy at
different times after subculture. Bars are standard errors of the mean,
estimated using the Bernoulli distribution.

the hyper-radiosensitivity of AT cells, the underlying mech-
anism still remains unclear.

In this study we investigated the processes involved in
the hyper-radiosensitivity of AT cells by exposing nondi-
viding (G,) cells of normal and AT fibroblast lines to -y rays
and studied the relationship between cell survival and chro-
mosome aberrations. A novel technique for chemically in-
duced premature chromosome condensation (PCC) was
used. Calyculin-A, a specific inhibitor of protein phospha-
tases type 1 and 2A, can induce PCC in a large fraction of
the G,-phase cell population (23-28) and allows chromo-
some aberrations to be analyzed in G, phase after cells are
exposed to radiation in G,. Fluorescence in sifu hybridiza-
tion (FISH) with whole-chromosome DNA probes specific
for human chromosome | and 3 was used to study chro-
mosome aberrations.

MATERIALS AND METHODS
Cell Culture

Cells of the normal human fibroblast cell line. AG1522. were obtained
from the NIA cell repository, and the ataxia telangiectasia fibroblast cells,
GM02052, were obtained trom the NIGMS human mutant cell repository.
Low-passage AG1522 cells were grown in «-minimum essential medium
with 10% newborn calf serum. Low-passage GMO02052 cells were grown
in minimum essential medium with 13% fetal bovine serum. Cells were
plated in T-25 flasks at 25% confluence and grown for 5-9 days before
being irradiated in the confluent state.

Irradiation

Irradiation with v rays was performed using a *'Cs source with a dose
rate of around 5 Gy/min at Baylor College of Medicine. Texas Medical
Center, Houston. After irradiation, flasks were kept on ice to inhibit repair
and carried to the biophysics laboratory at NASA Johnson Space Center,
Houston.

Cell Surviving Fraction afier Irradiarion

The fraction of surviving cells after irradiation was measured from the
frequency of colony formation. After y irradiation. cells were allowed to
repair at 37°C for 24 1 in a 95% air/5% CO. atmosphere. Cells were then
trypsinized and plated onto 100-mm-diameter plastic dishes. The concen-
tration of the cell suspension was determined using a Coulter counter,
and the number of cells seeded was adjusted to vield 30 100 colonics
per 100-mm dish. Surviving cells were determined from the number of
colonies containing a mininum of 50 cells.

Hurvesting Cells and Chromosome Aberraiions

A chemically induced PCC technique was used to collect G.,-phase
chromosomes as described clsewhere (25 28). Briefly, cells were incu-
bated for 24 h after irradiation and werce transferred from a T-25 flask to
a T-75 flask. Colcemid (0.03 pg'mly was added to the medium 18 h after
the subculture to increase the frequency of scorable cells (mitotic cells).
After further incubation at 37°C, calyculin-A (Wako Chemicals, Japan:
final concentration 50 nM) was added and the cells were incubated for
30 min at 37°C. The optimal collection time for G.-phase and mitotic
cells in the first cell cycle after iradiation was determined from the G,
and M-phase (G,"M) index curve generated from cells collected at various
incubation times after subculture. The G, M index was determined using
1,000 cells for each time as fotiows:

(Number of G.-and M-phase cells)'(total cells observed) X 100 (%)

Figure | shows the time course of the G./M index for AG1522 cells
exposed to 0 Gy and 6 Gy. For nonirradiated samples, the G./M index
peaked at 24 h, then decreased with incubation time. For samples irra-
diated with 6 Gy, the G,'M index peaked at 36 h due to radiation-induced
cell cycle delay (29). We sclected these peak times for harvesting the
AGI522 cells irradiated with 0 and 6 Gy. The harvest times for both cell
types exposed to other doses were determined in the same manner. After
treatment with calyculin-A. cells were transferred to a tube and centri-
fuged for 5 min at 2000 rpm. The pellet was carcfully resuspended in 8
ml of 75 m¥ KCI then incubated at 37°C. After 20 min. 2 m! of freshly
prepared fixative solution (methanol:glacial acetic acid = 3:1 v/v) was
slowly added to the solution, and the tubes were centrifuged again. A
final wash and fixation in fresh fixative was completed before dropping
cells onto a glass slide. Cells were aged overnight at 37°C on a slide
warner and then hybridized in sitn with fluorescent whole DNA probes
I and 3 (Vysis). Details of the protocol have been described elsewhere
(30). Cells were counterstained with DAPI and chromosome aberrations
were viewed with a Zeiss Axioskop fluorescence microscope. Chromo-
somes were analyzed using FISIT in one sample of cells iradiated with
each dosc.

The fraction of aberrant cells. which gives a direct measurement of the
extent of chromosome damage. was calculated as the ratio of the number
of cells containing one or more aberrations involving chromosomes |
and’or 3 and the total number of cells scored, which ranged from 200 to
1000. We measured the number of color junctions per cell as a simple
parameter representing the frequency of chromosome misrejoining. One
bicolor junction originates from misrejoining of two different broken
chromosomes and can easily be identified in FISH-painted chromosomes.
For example, two bicolor junctions are involved in a simple reciprocal
exchange (two bicolor chromosomes). Kreder ef al. (31) recently reported
the value of assessing color junctions by demonstrating a good correlation
between the yields of calor junctions and cell survival in cells of a lung
carcinoma cell line after irradiation at different dose rates and radiosen-
sitization by BrdU. The number of deletions was determined from the
number of excess chromosome fragments, excluding those involved in
incomplete reciprocal interchanges (only one bicolor chromosome).
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FIG. 2. Survival curves for nondividing AG1522 and GM02052 cells
irradiated with y rays. Each point represents the mean and standard errvor
(SE) of three independent experiments.

RESULTS
Clonogenic Assays after vy Irradiation

Figure 2 illustrates the results of the colony formation
studics in AG1522 and GMO02052 cells. The survival data

agree with the results of previous investigations (/3-17) in
which GM02052 cells showed a marked y-ray sensitivity
compared to AG1522 cells. The doses inducing 10% sur-
vival (D,,) were around 1.2 Gy for GM02052 cells and 6.7
Gy for AG1522 cells, respectively, indicating that
GMO02052 cells were approximately five times more sen-
sitive to vy rays than AG1522 cells.

Correlation between Chromosome Aberrations and Cell
Survival

Figure 3 shows an example of chromosome aberrations
detected in a GMO02052 cell after exposure to 4 Gy of vy
rays. Here two deletions from chromosome 3, four bicolor
junctions involving chromosome 1, and DAPI-stained chro-
mosomes are clearly visible.

Figurc 4a shows the dose-response curves for the induc-
tion of deletions and color junctions in GMO02052 and
AG1522 cells. A similar trend was observed for both cell
lines. However, at a given dose, GM02052 cells had a much
higher frequency of both deletions and color junctions than
AG1522 cells. After 4 Gy, the number of deletions per cell
was 0.6 for GM02052 cells and 0.1 for AG1522 cells, while
the number of color junctions per cell was 1.3 and 0.32.
respectively. The higher yields of both deletions and mis-
rejoining in GM02052 cells provide evidence that radiation-
induced aberrations in GM02052 cells evolve, at least in
part, from a reduced repair efficiency and an impaired ac-

FIG. 3. Example of chromosome aberrations in GM02052 cell exposed to 4 Gy. Chromosome | was painted with
a Spectrum Green probe and chromosome 3 with Spectrum Orange probe. Spreads were counterstained with DAPIL.
The arrows show bicolor junctions (misrejoining) and the arrowheads show deletions. In this example. there are four

bicolor junctions and two deletions.
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FIG. 4. Panel a: Dose response for the induction of deletions and color junctions in AG1522 and GM02052 cells.
Bars are SE. Panel b: Dose response for the percentage of aberrant AG1522 and GMO02052 cells. Bars are SE

estimated using the Bernoulli distribution.

curacy of break rejoining. In Fig. 4b, aberrant cells are plot-
ted as a function of dose. Due to the higher yields of de-
letions and misrejoining, GM02052 cells showed a marked
increase in the percentage of aberrant cells with dose.
Around 30% of GMO02052 cells had a deletion(s) and/or
color junction(s) after irradiation with | Gy; this increased
to 80% after 4 Gy. By contrast, around 35% of AG1522
cells contained aberrations after exposure to 6 Gy. Previ-
ously, Russell et al. (32) irradiated eight human fibroblast
cell lines of different radiation sensitivitics and found a
highly statistically significant correlation between survival
and percentage of aberrant cells for all eight cell types.
Figure 5 shows the relationship between the percentage of
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FIG. 5. Relationship between cell survival and the percentage of ab-
errant AG1522 and GMO02052 cells. Data are from Figs. 2 and 4b. The
line represents a linear best fit to the pooled data. Bars are SE.

aberrant cells and the surviving fraction for AG1522 and
GMO02052 cells. In agreement with the results of Russell ef
al. (32), a good correlation was found between the per-
centage of aberrant cells and cell survival. Therefore, the
percentage of aberrant cells measured using the FISH tech-
nique may predict the intrinsic radiosensitivity of human
fibroblast cells,

The relationship between cell survival and misrejoining
is shown in Fig. 6, where the surviving fraction is plotted
as a function of the number of color junctions per cell. A
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FIG. 6. Relationship between cell survival and the number of color
junctions per cell. Data are from Figs. 2 and 4a. The lines represent best
fits to the data. Bars are SE.



HIGH FREQUENCY OF MISREJOQINING IN AT CELLS 601

100
AG1522 6Gy zg AG1522 6Gy
CJ .
& Del
‘:':; Normal g
£ :
- -
2 3 4
Deletions per celi Color junctions per cell
100 100
%0 GM02052 1Gy %0 ¢ GM02052 1Gy
80 F 80
70
2 60 r
g sof &
v 5
§ 40 g
&£ 301 &
20
10
0

0 1 2 3 4
Deletions per cell

0123 456

Color junctions per cell

FIG. 7. Distribution of cells with deletions and/or color junctions in
AG13522 and GMO02052 cells at similar survival levels. Doses were 6 Gy
for AG1522 cells and | Gy for GM02052 cells.

close correlation between survival and misrejoining was
found in both AG1522 and GM02052 cells. However, the
slope of the curve for GM02052 cells was much steeper
than for AG1522 cells: i.c., at the same surviving fraction,
AG1522 cells had about four times as many color junctions
per cell. Since comparable surviving fractions of AG1522
and GMO02052 cells have a similar percentage of aberrant
cells (see Fig. 5), higher frequencies of color junctions in
AG1522 cells suggest that a different aberration pattern ex-
ists in GM02052 and AG1522 cells. To investigate this fur-
ther, the distribution patterns of damage in the aberrant cells
were compared. Figure 7 shows the distribution of delctions
and/or color junctions in populations with a similar surviv-
ing fraction of cells: a 15% surviving fraction for GM02052
cells after a 1-Gy cxposure, and a 20% surviving fraction
for AG1522 cells after a 6-Gy exposure. Although the per-
centage of aberrant cells was almost the same (35%),
GM02052 cells had a much higher fraction of cells with
one or more deletions, 22% compared to 10% of AG1522
cells, and AG1522 cells had a higher fraction of cells con-
taining one or more color junction, 27% compared to 12%
in GM02052 cells. Furthermore, the numbers of color junc-
tions per cell were distributed more widely in AGI1522
cells.

DISCUSSION

After cells arc exposed to radiation in G,, chromosome
damage can be studied either in metaphase (by harvesting
the cells at the first postirradiation mitosis) or in interphase
(by PCC). PCC techniques provide a tool for analyzing

chromosomal aberrations before the cell reaches mitosis. It
has been reported that the frequencies of chromosome ab-
errations in mitotic cells are lower than those in G, or G,-
phase cells (33, 34). Recent studies have also suggested that
the frequencies of chromosome aberrations induced by
high-LET radiation increase in mitotic cells collected after
longer incubation (33, 36). Assessing chromosome aberra-
tions in prematurely condensed chromosomes would there-
fore provide more precise estimation of radiation-induced
damages than in mitotic cells collected at one time after
exposure.

Although calyculin-A condenses chromosomes mostly in
the G, phase of the cell cycle, the yield of chromosome
aberrations in G./M phase would closely reflect values in
G, after the 24-h repair period. Most of the DNA breaks
and chromosome fragments induced in both normal and AT
fibroblasts are rejoined within 24 h after irradiation, and the
rate of unrejoined breaks then reaches a plateau (76, 19,
37). When normal and AT fibroblast cells are allowed to
repair for 24 h after exposure to 4 Gy X rays, the majority
of both cell types then progress through the cell cycle to
the first mitosis (38). Primary human fibroblasts do not un-
dergo apoptosis after irradiation (37, 39). Similar frequen-
cies of aberrations have been reported in chromosomes con-
densed using calyculin-A and in chromosome condensed in
G, using the cell tusion PCC technique (34). Our results
are therefore reflective of the yields of misrepaired DSBs
or chromosome breaks in G, after repair. In Fig. 4a. we
show that after 4 Gy of -y rays, GM02052 cells had around
six times more deletions than AG1522 cells, which is in
excellent agreement with the results of Cornforth and Bed-
ford (40), who reported that irradiated GM02052 fibroblasts
retained a five to six times higher level of residual G, pre-
maturely condensed chromosome breaks than AG1522 cells
after exposure to 6 Gy. It follows, therefore, that analysis
of aberrations in chromosomes prematurely condensed in
G, phase by calyculin-A could be an casy and useful alter-
native for assessing repair of DNA DSBs or chromosome
breaks induced during G,.

To assess chromosome misrejoining after irradiation, we
measured the frequency of color junctions using the FISH
technique. The probability of a DNA break joining either
correctly or incorrectly is believed to depend on the spatial
proximity and the number of DSBs induced at one time;
i.e,, the presence of multiple DSBs at one time enhances
misrejoining in repair-proficient cells (47). Previous studies
have reported that a given dose of radiation induces almost
the same number of initial G, chromosome breaks in
AG1322 and GM02052 cells (40, 42), and that both cell
types are proficient in rejoining the breaks (40). A number
of investigators have also reported that the rates of DSB
induction and repair in AT cells are similar to those of
normal fibroblast cclls (/8, 22, 43—47). Foray et al. (19)
reported that the rejoining of DNA breaks in AT fibroblast
cells was faster than in normal fibroblast cells. From these
data, we would expect AG1522 and GM02052 cells to have
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similar yields of chromosome misrejoining after exposure
to the same dose of y rays. However. our results, shown in
Fig. 4a, demonstrate that when both ccll types were irra-
diated with the same dose, the frequency of misrejoining
was around six times higher in GMO02052 cells than in
AGI1522 cells. Since the number of initial chromosome
breaks was the same for both cell types, this indicates that
GMO02052 cells are less efficient at correctly repairing DNA
break ends during G,.

It has recently become clear that there are at least two
different DSB repair pathways in mammalian cells: non-
homologous end joining (NHEJ) and homologous recom-
bination (HR) (48). The NHEJ pathway plays a dominant
role in DSB repair during G, and early S phase, while re-
combinational repair is preferentially used in late S/G.
phase (49). When nondividing cclls are exposed to radiation
and allowed to repair, most DNA DSB repair is believed
to occur through the NHEJ pathway. The indication that
GMO02052 cells repair DSBs less accurately during the G,/
G, phase is consistent with observations that the ataxia tel-
angiectasia mutated (47M) gene binds preferentially to
DNA break ends and functions as an upstream sensor of
DNA damage (50-52). ATM may play a role in correctly
joining DNA break ends in cooperation with NHEJ.

A higher rate of misrejoining in GM02052 cells accounts
in part for the hyper-radiosensitivity of this cell line. How-
ever, this does not fully explain the cause. since a similar
surviving fraction of GM02052 and AGI1522 cells con-
tained a similar number of aberrant cells. but GM02052
cells had only one-fourth the number of color junctions per
cell and twice the number of cells with deletions observed
in AG1522 cells (Figs. 6 and 7). This result indicates that
the extremely high frequency of deletions induced in
GM02052 cells s another important factor involved in the
hyper-radiosensitivity of AT cells. In the present study. de-
letions included terminal deletions as well as certain mis-
rejoined breaks such as centric rings and acentric rings (in-
trachromosomal exchanges). The number of delctions per
cell was caleulated from the number of excess chromosome
fragments, excluding those involved in incomplete inter-
changes. The observed deletions would therefore represent
mostly interstitial deletions, and this would indicate that the
DNA or chromosome misrcjoining process would be the
principal mechanism involved in the hyper-radiosensitivity
of GM02052 cells. Telomere probes will help to distinguish
between ““true” terminal deletions (unrejoined) and intra-
chromosomal exchanges (misrejoined).

In conclusion., we have shown good correlation between
cell survival and G.-phase chromosome aberrations detect-
ed by FISH painting. GM02052 cells have shown a much
higher frequency of deletions and misrejoining after irra-
diation than AG1522 cells. An impaired accuracy of DNA
break rejoining in GM02052 cells appears to provide an
explanation of the hyper-radiosensitivity of AT cells. How-
ever, this is not yet conclusive, since this result was ob-
tained from a comparison of a single AT and normal cell

line. Inclusion of more data from other AT cell lines are
necessary to confirm the results, and further experiments
using other normal and AT fibroblast cclls arc under way
to investigate the mechanism underlying the hyper-radio-
sensitivity of AT cells.
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KED 5 DOBEKEET, FEWEIZIE CDDP # &L R ALERERREOF LR
Ehi:, ThidEbOTIET YR - LRLOBWERT, KITY I ORRE L MBARE

LFREME LREV,

LA L, BRTFERECHREHRGRE VWO R—ORABERAVTY,

FORFTITHKRELRELDS. COREBEL, KEOBEKRBROKERE £ 0 TARHICHWA

THZ LIRS DETH S,

EU®HIC

FEEROBRMBERIBVEELRS 5,
18954F, LY VA KBERRL, 18084
E2-VIRABRS VY 4 2RBRLE. FE8E
BOREHEBRFIZ T OBEE> GBS, BE
WA NENEREELFE SN 19134,
FEERIINT ST DU LABEDRIFLEEY
FA4 v THEsh, FNEORBICHEMEET
TORERARESE L EbBRTVEY, #
DB LERNZBRICESE, BREZDS LT
WE XN THRRR S L2 1950 48, &
BIERAEIRESESE PR - BEL, ) v
B BREBORE L ERSTRE k- /s,

0386-9792/03/%100/H/ICLS

BT EEREE S0 TR AL kRS ThE
AL, RREROREFEREhTE
7= LU, GRS ISRATREE O BT 480
RRERTH, FHELZHFEL L EhTn
7-. K[E National Cancer Institute (NCI) 2 &
% 1996 £ FHYBEREH TY, [REDL
ZAEBREOMBEIIM DR EE 2n]), &
ERTnz, LaL, NCIiZ 1999428, %
BREEFV, [FEBREICCERE & RAHE
FRMGHETE, EFFEIELLWELAY
KIRRETHBH] EEELLED, TORE,
GOG (Gynecologic Oncology Group) & RTOG
(Radiation Therapy Oncology Group) T4T#H
7= 5 DDNEERBERRBROZER, TRTOMW
RTVAT7F v (CDDP) HHHABOEREEAL,
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FEBI AR Ll 5720 TH B (). K
E NCl 0#T FEREOBRIEsHtIR, e
ik & CDDP % &ir b R0 EIRHEF 2358 <
HREZNTHE (F2Y. FIIBIBFEH
BIREHEERT Y, T OBRBRIS A EEERY
FAREPEPIZDVTERT S,

AR E DR LS REE

%< DLEMEHHVBEROGEBLPBRIZS S
BEODRELTYT. VATSF L RBLERL
{LEEREHI T, RIGEM 20 ~40%THD. 53
BEGRLTT (10 ~ 15%) {LB|BERE L

T, TRUTvALy, Tty <4
be4 v C, 5FU, ¥y T 325y, AU b
ViR — BB, LRRERIE R EER
I B ARG ERT Y, ETECHERET
IFCRE4BHZLEBHML <, WREGHRLE
vy, CDDP % & A7 &It RO 2 5
HBHVILE 3HRER T, PREH 50%THIC
CRARGNS.

SRS HE LSRR R T - 28R, &
L & T OOBKRBR CIEFENREN L, o
7=. 1990 %, Chauvergne 5 {3 195 fij% &
e RERRAR 1T, 2~ 4BOLEREER
CBGBRAET - 72T &, TR BB 4 Lk
BRULA? WEORBIHEEIEN L (B

£ 1 CDDP BRI SHRETE OIS

. : BmE aFE D
B/ 1Y b A8
=1 £ WS u:fii& M Aum Xk
GOG85 IB- IVA;PAN (—) RT <+ HU" 191 57 4; Whitney CW
RT -+ 5FU + CDDP* 177 68
GOG120 1IB- IVA;PAN (—) RT + HU? 177 47 5;Rose PG
: RT 4+ CDDP? 176 65
RT + CDDP + 5FU + HU? 173 65
GOG123 1B > 4cm, node (—) RT — EF hyst. * . 183 74 6;Keys HM
RT + CDDP — EF hyst.® 186 83
RTOG90-01 1Bi(n-+)or 1B2(>5)-1VA RT (pelvic + PA) 193 63  3;Moris M
PAN(—) RT <+ CODP - 5FU® 193 75
SWOG87-97 1B-IA, S/P RH-Pel N1 RT 116 77 7;Peters Il WA
Margin or para(-+) RT <4 CDDP -+ 5FU® 127 87
NCi Canada IB/DA/IB(>S5cm), M, N RT 127 86 12;Pearcey R
or pelvic N + any size RT + CDDP® 126 69
EF hyst * . extrafascial hysterectomy

1) CDDP 50 mg/m? dayl,29;5-FU 4,000 mg/m¥/96hr, day2-5, 30-33;HU 80 mg/kg 2 x/w, 6w
2) CDDP 40mg/m® 1 X /w, 6w or CDDP 50 mg/m? day 1,22;5-FU 4,000 mg/m*/96hr, dayl-4, 22-25
3) CDDP 40mg/m? 1 X /w, 4-6w;5FU 4,000 mg/m?/96hr, day 14, 22-25;HU:2-3mg/m? 6w
4) CDDP 70mg/m? day 1, 22, 43, 64;5FU 4,000 mg/m?¥96hr, day 1-4, 22-25, 43-46, 64-67°°
*= ! 2 cycles were given during RT amd two after

5) CDDP 40mg/m? 1 %/w, 6w
6) CDDP 40mg/m? 1 X/w, 6w
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1) 5oNEIRBEERROBER, HHEE CDDP £ §L{LBEORMHA
C&H, EEBEFRETIENRENL
2) Zh S DT FIGO stages 1B 2 to IV A SAMEH O HUHBIEY

fihhi.

3) {LROBBHAIC & W ETEY 30%~ 50%AP L7 TOBR, B
ETRSESEETOS8S, {LHtABHET L e HRTEC

belhak.

&8
S oW

ESHICEHETEFICEEREBRE 1 BT, (5,000 milligram hours

(8,000 cGy F25RE))

B AR
BURHERER  FATRERICIRS.

BEIB—IAH

BaHEsEE %15 5188, CODP 2 AU/{LERORMMHEI M H#REND.
SAEEE ¢ k% EBBIC 1 CODP $ 5\ & CDDP ~+ 5-FU B Bsisgt

BETD.

TEIB H—NA ]

EHEE% 17 51588, CODP ¥ SCLEORBMRAN M (HRE NS,
ik (o & HEEE (JHBN & BARE IZ{LE (CODP, CDDP +

5FL) ZRMSHET 3).

BBy 86.8%, HHARE 96.3%) . 3FEMBAETF
BRETFHRBIZEEZZE P 7z, TIVLT
OWRFRTIZ B HOD 107 Fl% , HEHREHREI
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Pode. 19994, CDDP & {L3Emek L gt
BERREETS 52034 OME,E , B
BLLEREORKHRII—EOMENTEN
2 (1), TORKR, BENFHTRLER
% FEERAREDO RN R D H o 7z LEHE
ERTWE, 520WEH, E—20 R4
BB L WEEEL LT3 (1, RTOG
9001). ZOFZEIZIB-TAMTIEEE S5cm
Ditad a0 3 Big) v sty s 5 EGL
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45Gy B & CDDP + 5FU % 3 @RIBR T 3
BT 28D 2 Bz 2T 7. SBERO bR
filid 43 7 AT, BIEBOD 5 FIMREFEIL 63%,
BB 40%& e o 7. BEFE L BIBER M hE
THRBIZE ot {LEHFRAECIRAOE
ERABE ol ), BHOBEMERE IRET
Ho7z, GOG 120 & SWOG 87-97 12 RBEREIZ 1K
SHERARE TERLAHAEL, (LRHEEREE
RBIELOHENR 6Nk, M0 2 D0kEt
T, " Fotxvy Ly (HU) Rk
ORI E XIBERE L LT3, Rose 5 DBEIEST
RIS T 5 3 DORMHERIREIL, CDDP &K
BHEGE, CDDP + 5FU + HU & istians
MBEL LU HU L SHBERETH 5 (1
GOG 120). EABIRY » HEEROZ W IB-
NVARORBUKSRAT Lk, Y, BT
LERBENEE Lz, CODPHMEECIIER
40mg/m* % 6 M), CDDP + SFU R8I
CDDP 50 mg/m* & 4 g @ 5FU % 96 BFRI55i%
HETIHBEL 208 HIZ, 3gDHU 28 2E
BeE5 U7, 526 Bl CFRBEEAMIZ 35 » A
ThHo7. CODP %5 &hi-2 >0@d, £
B3hkmo B AT, BRICEBREER
CARRPES Lok (1), ThoDiEEy
5, TEBERIINT 5 CDDP RO F stins
BIEDHTIEF VR - LB WEEDE
& #fl & iz,

-~

[ElbH LR IGHR R R~ D
RERY

A A OBEIBHEFNT - =R LWET
B, BREREE I AL, HEmEd
IB-NVAHID 259 BT, MEBY 4 Xid 5 cm b
L. 3V ZAEEAICY o SEERE IR & h
TWBBETSHS. BRI & REAIRas b
MU, {28kl CDDP 40 mg/m? # 51

5 L7, BBt @S e2 2 AT, 54
EFESCERSTREE 62%, HAHRBIHRE 58%
EaD, 1 EBBAHMES%E 78%Th - /-,
RETOMERLBLEZRRIC L5727 LIZD0
T, EELEVA0ADEMEEEL TS,
KEIOHIZE TR LRFHMASEIEL 8 D2 b
h, BERIHGABRERENE, 7+ 4T3
BROBEER 2 <, HRATEOLEH TR &
o RSB E NS, T v F O
ZTI: CODP 2 BMTHA Y, 5FU % Bt L 7=
KEEDBNGELONA, X512, HF 4D
MRISEFRL ISKTEER 2 5 & FHRIL CEHE
Ehies, BHRAFRE N L, GEECERE
EHMRAENL D -SRI h T 3
LEREIC LD BAE L ARMOBS & Fig x h
TS, LAL, WFRIZU TS a8l
F 2Tk, WG REPHERREDLD X
ECED, ARSI NEONS L
Rk,

HELEFEEE I B s h safie
Blic MRIBZE % HEIT L, IRSHBRARA 17 - o0
R % retrospective {ZF L 72 MRI REDEE
RpoBOoNBEY A X, BEEE BLU
U Y ISHIERDEBOMR -, REREE O5E
FE, BRETE, RFGIEE, ®IEREER)
DEFEBIRLY:. 208, BEES5cm Y
LOBERIT, 5om KBOBEL AT 5 FEms
ETFENELSBL B, ) VEERO S
SREWS, LI TEERS G-I
B o7, MRIFFROEEY 4 &1 VoS
BAD2O0RFERNT, 8E4 IBIZET
Lie. T&bb, 1) @Y1 X5emIFTY
¥ SEBMRA L OB, 2) @B 4 X Scm BIE
Fh3 U Y BBEOLTRAL—D MG BB
3) MBS A X 5emBlLETY v EiEIES &
58, Thd. ITOER, SEEFEFEIZL
BEA 4T HIT 93.2%, 2) BRIZ 29 5T 53.3%, 3)
BLTHRT 20072 [HOBEDHE



i, HAORASIREEETEDD TRIFL
BB o h, ThoDBRESLEREET

5 LEERE, b Hl> TIHEREMNMET T4 5
FhdDH B,
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