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Evaluation of Surviving Fraction
Using Nonclonogenic Staining
Densitometry Method

Iku Nishiguchi, Koichi Ogawa,
Hisao Ito and Shozo Hashimoto

This study was performed to compare our
nonclonogenic survival assay (densitometry
assay, DM assay) with the widely used clonogenic
assay. The established cell lines (HeLa, RMUG,
IMR, GOTO) were grown in F 10 medium. The
cells were spread in 24-well plates, irradiated with
different doses, cultured for about one week and
stained with crystal violet after the culture
period. Taking the transparent images of the
stained well on the light source with the CCD
camera, the images were collected with the
matrix size 64X64, and the integrated optical
density of the entire surface of each well was
determined by computer with our original pro-
gram. As the number of cells in the well is reflect-
ed by its staining density, the surviving fraction
was calculated as the fraction of growth in the
irradiated wells relative to controls. The survival
curves obtained by the densitometry method
showed good correlations with those obtained by
clonogenic assay. It is possible to predict intrinsic
radiosensitivity with this assay, even if the cells
do not form good colonies. However, this method
is based on measurements in cultures which

depend on the metabolism and growth kinetics of
the irradiated cells. Cells should grow
exponentially in the same manner in any well to
obtain a result similar to that of clonogenic assay,
although growth kinetics may be altered by irra-
diation. Thus, the endpoint must be strictly stan-
dardized.
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THRML, BrOBR L 23— 7@ty 2
T L TENT LT Ol % B 5, den-
sitometry method : DM &), #RfTbNTE 72
v =—kic L MR EREARAIZ L B
&P EREL, ET0MR2/B 20 THRET
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1. HEEERBE & FSHARARST

ABENCIZ e b EMIEE L LS AU U
ZMEHT R B KTROBATMN (P2 A0 NI
? GOTO & IMR, FEM#ENKD HeLa, J94L
H#a RMUG) % Hv7z.

MBBEAE (L, FRRESFMINAE I 12 RPMI-1640 £
H (Gibco) iz 15% fetal bovine serum (Gibco)
%, oMoz iz F-10 #5341 (Gibco) i 10
% fetal bovine serum # @I L 72 5z53h % HH L,
37°C, 5% KRR A HEAERR O T CTHVE B L 72,
DM #:Tix, 24 well=4 7o 7L — |} (Falcon)
121 well 247210 10%-3X10° 6 > M I % #&#E L,
24 Wy IR BRI B B i 2 AT L 72,

Iu=—IC L AMIIRAETFREIUTOZ L (K
ML~ BEEOMM 7S Z2F v 72 +»—1L
(Falcon 3002) iz 10° @ o> fia % & 5E L, 24-36
IRF[) 1 D AP B R AR A 2 I A L 72, RS2 0.1
%t T A &) MR A TR L,
Y= OEHFHEHATLRERYy T4 > 7
EATVCHEEMIREER A B L 2, 2o—5E T
7 AF v 7 v—L (Falcon 3002) c®% L 3w
=—%ZE S, BT 20803, EArmi
Mre—L A0 40-T0M8IC % 3 & 5 ICHFGRLK
L 7. HeLa, RMUG, IMR iz 8 H [, GOTO
(X 14 HEW, 37°C, 5%y ASEAERR O TR
Beg L7z, 72721, GOTO #ibg iz 538t » &
Wize, 8 H BEICHrE B & a8 7z,

REAE ML o M5 13, 200kVp, 20 mA @ X #
(BB ES, PR 1.5mm Cu) %GR
90 cGy/min | THH L, ik TiT- 72,

Ml Yett (s, H:du®mal, PBS T L 2
, B%TF /—NH20.4% 7)) 2 F N4 F
Loy P 2F0REHlE v, BaEr—EIcT
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o4 77— &2EE, ZOHE{GEY BT
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Fig. 1.0 Photograph of the densitometry system

CCD CAMERA,

DEDEE
0

FRAME MEMORY
VIEWING PANEL

COLOR MONITOR PERSOMAL COMPUTER
Fig. 18 Schema of the densitometry system : The system is composed
of a viewing panel, a CCD camera, a color monitor, a frame memory and
a personal computer.
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Fig. 2(A) Correlation between the concentration of the
die and the actual measured density : The function for
the correction (D(k)=5.61x10"%-exp [0.0203 - k] )
was determined from this curve.

EE 93 (N 7 7SI k) ~238 14, AHNME
fE0~0.75 I3 L, Z O TIZITEED R
niz.

PREBEBROFREL 0.5mlicLiznid, 2%
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EIEROE S OB UEMICH 5 b, RED
ETT22HThH5,

2. EERHBOIZEMR

FREH & et fEI3 1 ROMPIZ A L T 555,
B pfilalw well ioHFHE L, —EWHsEEL
FothYeth, WG 2T A THRBELFHL,
A s e EOMREKRE L 2. Fig. 302
EL, FNFNRO cell line T, #IEE X e
Mo A7 TR IQBER, —EMHOEER
L, HAHMREELUTCIRENL 1Rk %24
L, FoOfEEL, T3 plateau & 7% - T 7z,

3. DMIEIZ & 5475815

Fig. 4 25 & 1172 24 well culture plate @5
BERLZ, &well iCEEOMIBEEREL, 24
2212 200 kVp X M0 Bie » 72 4 THRS L
2. WG4 8-14 HEEEEEHIT, 0.4% 7 ) 250
SNAF vy P TEEREL 2%, BRI 2T

FRE641 H 25 H

Fig. 2(B) Uncorrected curve and corrected curve : The
uncorrected curve is shown with ((O). The corrected
curve (with the former function) is shown with ().
After the correction, there is an almost linear relation
between the concentration of the die and the staining
density below the level of 0.75.
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Number of Cells
Fig. 3 Correlation between the number of cells and the
staining density : (O), (®) and ((]) show different cell
lines, which are HeLa, IMR and RMUG, respectively.
Staining density after 8 days of culturing period showed
good correlation with the number of cells below the
certain numbers.
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LAY

Fig. 4 24-well culture plate: Cells were spread in the
wells and were irradiated. They were stained with the
crystal violet after a week of culturing period. As the

radiation dose increased, the staining density decreased.

M B ARIC T 2 BEROREEN L
BB Z Lok D) S IAHRE I BT B e fresr
Mo, 4 ENORY BRSNS RO
Blicd LT, DM TR ROHLERE
Fig. 5zl 2. HoH#ea GOTO, IMR,
RMUG, HelLa Nz % = Twsdz,
4, d0Z—FICL Z4EFHS

FERAR RIS OO ) WA & 4T, B 2o
——ih TR EfHR e, DMiEL DRIz E
fEihéR % Fig. 642 L 72, GOTO i fod
MasE A teieh T <, AR ER L shoulder #R
B fohf, FOfo#ilIE shoulder # §§ -
Tuwfe, ao=—i:}F DM oo - Frih i 2 Mo
T35, BEHAMAELWATIEDM R 2
p=—igkt D LM HhBE L T Twi
/L B AESEAE gEN TR 2 LR ST A

%5 =

BRI O FOHRIGMIZERL, & 60 Lol
RN B R 2 M5 = 245 T 3 LI,
R4 00 HC A MR e A I R &
LT, MMoIEwHaotEmy « $mTse, —
F, A RO S o Sl i e 4 & b
DGR E OMENRE OISR, TR
FORLLEMELER T EHFTE S,
FHEE 2 TR T 1 o 1 L e i e o
E+ & Hthed T, in vitro assay £ LTItk b

T2

Surviving Fraction

.01 : : . !
0 2 4 8 8

Dose (Gy)
Fig. 5 Survival curves of the cells measured by the
M method : Using four cell lines (Hela, RMUG, IMR
and GOTO), surviving fractions were calculated with
the sysytem. According to this result, GOTO(E) was
most radiozensitive and IMR (@), RMUG [, HelLa
() were less sensitive in this arder.
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Fig. 6 Survival curves of the cells measured by the DM method comparing with those by the clonogenie assay :
Comparing the survival curves by the DM method (O) with those by the clonogenic assay (@), they were almost the
same when the radiation doses were low. When the higher doses were given, there was a tendency that the surviving
fractions obtained by the DM method were higher than those by the clonogenic assay.
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