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SUMMARY T
Human skin fibroblast cells from six patients o ’ e
were obtained during surgical operations and B FM 2 X726 ADEED & b B ERAHE S A g

grown in culture. Dose-response survival curves AAFLERLA. So08BkIzonwT, XBO
from single dose exposures of X rays were

— A3 T
developed for the six cell strains. Individual B AR R OB MRS EAF IR & fEACL 2. R

D, values* varied in the six strains from 61 to DAtk TiE, B4 D Dy fii *1361cGy #» 5 83cGy

: d ' es had P r— .
83 cGy 'The shouldere survlial r.:u:t'v s ha E T RA. FRE R4 AL, 2.24 54.8
extrapolation number (n) values™® ranging from

2.2 to 4.8. To assess repair of sublethal damage, FTOMIME (n) ¥ 2R L 72, BEBFEMBEBOIEE
cells were exposed to a total dose of 304 cGy 52300 F 37~ 12, 304cGy OO HEE 2 %55 L

split into two equal fractions separated by )

varying time intervals. Maximal increase in il 4 ORFHEI RS CHfaICB L 2. filanEER,
cell survival was observed when the time interval BERIRBE A D e < & L SEEMOBAIZ R L o 7.

was at least three hours. | Dnse-respf_:rnse -:ur'ves 27, B4 152cGy O X SR £, 4 SRR
were generated for the six cell strains by first

irradiating cells with 152 ¢cGy X rays and then L THREFEMERBE A oM /2%, 2RIBEORBE &

allowing four hours t:DI' recovery from sublethal LA DEIRE 5 2 7188055 K iS85
damage before exposing them to second graded

doses. The fractionated dose-response survival S5 DOMiakIZ >V THWA. BitEd 2025 F|
curves were distinctly different from the single LB AnsREIsEGE L, 1 ABOHES >

dose exposure curves and confirmed the ability » 5 o o ) {
of these cells to recover from X-ray-induced HLCRLZD, s OMIIZXBERIS & 5 HE

damage. PS5 OBRIBERE NS 2 Z L 2HEEL /-

*Dg— the dose required to reduce survival to 0.37 in the exponential region of the survival curve; n— the ex-
trapolation number, the value obtained by extrapolating the exponential portion of the survival curve to

the zero dose intercept. 1 Gray (Gy)=100cGy=100 rad
Do— 4 TFHBOIEHMEBEOHBIZ T2 EFRZ20I7ITCERT S AL ELHBRI; n—#ishE, T2bb
Yo@gitv ity s FdhmoisEMEBdsres#nTsc izt if. 1Gray=1Gy=100¢Gy=100rad
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INTRODUCTION

Human fibroblasts, either grown in primary
culture or as established cell lines, have been
used for years as a model of normal tissue
response to radiation exposure. Several investi-
gators have examined the repair capacity of
human fibroblasts and have reported the inability
of human fibroblasts to repair sublethal radiation
damage. Using cell survival as a measure of
effect, Puck et al,) Norris and Hood,* and
Weichselbaum et al®> found that cultured diploid
human fibroblast dose-response survival curves
were unshouldered and exponential throughout
the dose exposures. However, other investigators
used more sensitive techniques to elucidate the
potential for repair of damage. Cox and Masson®
found that HF-10 and CL15 diploid human
fibroblast cultures were unshouldered in early
cultures (6-25 generations) but became shouldered
beyond 35 generations. Deschavanne et al’,
Dutreix et al,® and Arcangeli et al” used large
radiation dose fractions and found repair of
sublethal damage that was not observed with
small fractions. Malcolm and Little® used
exponentially growing and plateau phase cultures
to show rapid recovery in human fibroblast cells.
Freeman et al’° exposed human fibroblast cells
to single doses, multiple fractions of 56 cGy, or
two different dose rates of X rays and showed
significant 8 terms (linear-quadratic dose-effect
model of Kellerer and Rossi!®) suggesting the
accumulation of sublethal damage. They sub-
sequently showed that repair of sublethal damage
had occurred.

The present study examines the dose-response
curves of fresh cultures of human skin fibroblast
cells irradiated with X rays. Dose fractionation
was used to elucidate the repair capacity of the
human cells.

MATERIALS AND METHODS

Cell Culture and Irradiation

Skin tissue samples were obtained from six
female patients from 52 to 57 years of age during
surgery at the Second Dapartment of Surgery,
Hiroshima University School of Medicine.
Excised tissues were immediately placed in sterile
containers surrounded by ice and transported to
the laboratory. After removal of fatty tissue, the
samples were minced into small pieces and
pressed onto Falcon plastic petri dishes containing
a¢MEM medium with 15% fetal bovine serum and
antibiotics (penicillin, 1001U/ml and strepto-
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mycin, 100 ug/ml). After two weeks in a 5%
CO,-95% air-regulated incubator at 37°C, fibro-
blast cells had attached to the dish surface and
surrounded each piece of minced tissue. Cells
were trypsinized from the primary culture dishes
and replated into stock 60 mm diameter dishes
for amplification of cell numbers. Eighteen
hours prior to irradiation, subconfluent stock cell
cultures were trypsinized and plated into experi-
mental dishes. The cell concentrations varied
depending on the anticipated amount of cell
killing from cell plating and x-irradiation so
that, after a two-week iIncubation period,
approximately 50 macroscopic colonies would
appear in each dish. After overnight incubation
(approximately 18 hours), medium was removed
from each dish prior to x-irradiation at room
temperature. Cells were irradiated using a Softex
X-ray machine operated at 40kVp, 5 mA, with
0.2mm aluminum external filtration (786 cGy/min
calculated dose rate). Fresh medium was added
to each dish after irradiation. For both single
and split dose exposures, cells were returned to
the incubator immediately after each irradiation.
One week after irradiation, cells were refed with
fresh medium. Cells were allowed to multiply
and form macroscopic colonies during the two-
week incubation period. The experiment was
terminated when cells were fixed in 10% formalin

and stained with Giemsa. Plating efficiencies
(PE)* varied from 19% to 63%.

Evaluation of reproductive survival

Survival of reproductive integrity of cells was
measured by counting the number of colonies
containing at least 50 cells. The PE was estimated
by dividing the number of observed colonies
appearing in the control dishes (nonirradiated)
by the number of cells plated into those dishes.
The surviving fraction (SF)* and statistical
analysis of the resulting data have been de-
scribed.!’  Briefly, the multitarget, single hit
model was fit to the data by the method of
maximum likelihood assuming the numbers of
colonies formed followed Poisson probability
distributions.

RERF TR 1-85

HEWMBT (=Y Y 100lU/ml RO*A L T b
v A4 ¥ 100pg/ml) 2 & E aMEM Bl 2 A L /:
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PE — plating efficiency determined by dividing the observed number of colonies from the control group at the

termination of an experiment by the original number of cells plated into the dishes.
PE— 7V —7 4 ¥ 72FE1T, ERRTRHRIIABRBCEEEL -0 e, MIIHEL M@ TH - T

BETH 5.

SF— surviving fraction is the fraction of radiation-treated cells that have survived the treatment divided by the
original number of cells after adjusting for the PE; D, — quasi-threshold dose.
SF— .7 L, REHGULEROMBE 2 PERABEKOL E0MRE TE - THAWMTH 5 Dg— HEIE % hit.
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RESULTS

The responses of six cell strains (SF84.27,
SF84.24, SF84.25, SF84.14, SF84.21, and
SF84.13) to single-dose radiation exposures
are shown in Figure 1. In all six strains, there
is a definite curvature to the semilog-plotted
data at the low doses resulting in nonzero quasi-
threhold (Dq) values® and n values greater
than 1. Table 1 lists these estimated survival
parameter values and the associated standard
erTors.

FIGURE 1 X-RAY SURVIVAL OF

ia R

BB a o3 2 # gtk 6 #8 (SF84.27, SF
84.24, SF84.25, SF84.14, SF84.21, X UfSF
84.13) DRIG%# X 1 127 ¥. #ifakk 6 FED T IC
FWT, BEERIIFTIR B ERT— 7, 5
AR z &R A0 5 h, EEME (Dq) T 13¥utk <,
nflEIZl LD KEL o, ZhoDHEFEETEST
A=y —ER VS ZEREME S £ 1 I2RT.

CELLS FROM SIX STRAINS OF HUMAN

SKIN FIBROBLAST GROWN IN PRIMARY CULTURE
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TABLE 1 DOSE-RESPONSE SURVIVAL PARAMETERS FOR SIX STRAINS OF
HUMAN FIBROBLAST CELLS

#z1 b bMiEFHlaofilatk 6 MOBRRISEF/ ST A — ¥ —

Patient

Number Do Dq H el
SF84.14 60.9 (2.4) 59.1 (8.7) 2.6 (0.5) 0.222
SFB84.21 73.6 (2.5) 511 (10.5) 2.2 (0.4) 0.192
SFg84.24 82.4 (2.1) 69.6 (9.1) 2.3 {0.3) 0.287
SF84.25 69.7 (1.8) 106.5 (9.2) 4.6 (0.8) 0.630
SIF84.27 T30 (2:58) 115:2 (13.1) 48 (1.1) 0.378
SF84.13 Bl.1 (2.3) 13.2. 9.8} 2.5 (0.3) 0.245

(SE of mean) ( FEyo£ideigxt)

Mean Dy and Dq values given in cGy. #) Dy fili &% U° D, fii® ¥ {7 1% Gy



To assess cellular repair of sublethal damage,
cells were exposed to two equal doses of 152 cGy
X rays separated by a time interval ranging from
0.5 to 5 hours. During the interval, cells were
incubated at 37°C. As seen in the inserts of
Figures 2a-f, cell survival increased for each cell
strain as the time interval between fractions was
increased. In most cases, survival had reached
a plateau when the interval between dose
fractions was at least three hours.

The dose-response curves for acute and two-
fraction exposures are also shown in Figures
2a-f. For fractionation experiments, fibroblast
cells were irradiated with 152cGy X rays,
incubated for four hours at 37°C, and then
exposed to second graded X-ray doses from 38 to
453 cGy. The results of dose fractionation in
general show steep negative initial slopes to the
survival curves in response to the second dose.
Survival, especially at the high doses, is signifi-
cantly greater in cells exposed to fractionated
X-ray doses than in singly exposed cells.

The amount of repair of sublethal damage for
low and high dose fractions of X rays is shown
in Figure 3. The recovery ratio, determined by
dividing the surviving fractions of cells after
exposure to a fractionated regime by the surviving
fractions of singly exposed cells to that same
total dose, has been previously described by
Freeman et al.’ Recovery ratios for the six
cell strains are plotted as a function of dose.
As the total dose increases above 250 cGy,
the recovery ratios increase for all strains.
However, the degree of recovery 1is highly
dependent on the cell strain.

DISCUSSION

The radiosensitivities of six human skin fibroblast
cell strains in primary culture were examined.
Individual Dg values varied from 61 to 83 cGy
for the six strains. Although the low Dy values
indicate relatively high cellular radiosensitivity
for the actively dividing cells, the survival curves
were shouldered with n values ranging from 2.2
to 4.8. The relative biological effectiveness
(RBE) of X rays from a spectrum of photons
with a 40 keV maximum may account for the
apparently high sensitivity of cells. Zeitz et al™*
have estimated the RBE of soft X rays (40 kVp)
relative to ®°Co to be 1.4 when measured as a
ratio of Dy values.
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SURVIVING FRACTION OF CELLS

SURVIVING FRACTION OF CELLS

FIGURE 2 REPAIR OF RADIATION-INDUCED SUBLETHAL DAMAGE IN SIX STRAINS (a-f) Ol
HUMAN SKIN FIBROBLASTS AFTER SINGLE OR TWO FRACTION DOSES OFF X RAYS
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RECOVERY RATIO
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Dose fractionation experiments confirm the
ability of cells to recover from sublethal damage.
In all cell strains, maximal cell survival was
observed when the time interval between two
152 ¢cGy fractions was more than three hours.
A single exposure of 152 cGy to cells results in
approximately 70% cell killing and was chosen
because it is about two times the Dy for cell
killing. In oncogenic transformation studies
performed in vitro,'»!'* exposure of cells to
approximately twice their D, values is often
sufficient to induce maximal frequencies of
cellular transformations.

When cells were exposed to 152cGy X rays,
incubated at 37° C for four hours to allow for
recovery from the first dose before being given
second graded doses, the subsequent fractionated
dose-survival curve was distinctively different
from the single dose exposure curve. Therefore,
recovery had occurred during the four-hour
interval. In addition, as the second graded dose
increased, the relative degree of recovery
increased as shown by the difference in the two
slopes. The recovery ratio increase as a function
of dose is clearly illustrated in Figure 3 where
it is apparent that the enhancement of survival
after dose splitting is measureable only for
second graded doses above 250cGy and is
greatest at high doses.

While some investigators- have reported that
cultured diploid human fibroblasts are un-
shouldered and exponential throughout the range
of dﬂses,l"3 our results are in agreement with
those studies that report recovery from sublethal
radiation damage by human fibroblast cells.” ™7
The small shoulders seen in these radiation dose-
survival curves may not accurately reflect the
repair capacity of cells in vivo. For example,
Gould et al'® and Mulcahy et al’® have recently
described an in situ repair process in epithelial
cells of rat hepatocytes and thyroid. They were
able to enhance survival of cells (enlarged
shoulder) by simply leaving cells undisturbed
in situ for at least four hours after irradiation
before assaying them by the transplantation
technique.!® It is likely that the ability of
human fibroblast cells to repair radiation damage
is present but difficult to measure by the usual
cell survival techniques.
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BT 286D AR s TXXTOD
Hiakk 2B T, 152¢Gy O 2 [a] @ B & el o 8§ fsd ] B
AIFMLL L & &z, MROEFERIBETH -
7-. fR1Z 152¢Gy & 1 O & 7 5 L fifaBIEE A
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