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Purpose : The measurement of radiation survival using a clonogenic assay, the established standard, can
be difficult and time consuming. In this study, We have used the MTT assay, based on the reduction of
a tetrazolum salt to a purple formazan precipitate by living cells, as a substitution for clonogenic assay
and have examined the optimal condition for performing this assay in determination of radiation sensitivity.
Materials and_Methods : Four human cancer cell lines — PCI-1, SNU-1066, NCI-H630 and RKO cells
have been used. For each cell line, a clonogenic assay and a MTT assay using Premix WST-1 solution,
which is one of the tetrazolium salts and does not require washing or solubilization of the precipitate
were carried out after irradiation of 0, 2, 4, 6, 8, 10 Gy. For clonogenic assay, cells in 25 cm? flasks
were irradiated after overnight incubation and the resultant colonies containing more than 50 cells were
scored after culturing the cells for 10~14 days. For MTT assay, the relationship between absorbance and
cell number, optimal seeding cell number, and optimal timing of assay was determined. Then, MTT assay
was performed when the irradiated cells had regained exponential growth or when the non-irradiated cells
had undergone four or more doubling times.

Results : There was minimal variation in the values gained from these two methods with the standard
deviation generally less than 5%, and there were no stafistically significant differences between two
methods according to t-test in low radiation dose (below 6 Gy). The regression analyses showed high
linear correlation with the R? value of 0.975~0.992 between data from the two different methods. The
optimal cell numbers for MTT assay were found to be dependent on plating efficiency of used cell line.
Less than 300 cells/well were appropriate for cells with high plating efficiency (more than 30%). For cells
with low plating efficiency (less than 30%), 500 cellsiwell or more were appropriate for assay. The optimal
time for MTT assay was after 6 doubling times for the results compatible with those of clonogenic assay,
at least after 4 doubling times was required for valid results. In consideration of practical limits of assay
{12 days, in this study) cells with doubling time more than 3 days were inappropriate for application.
Conclusion : In conclusion, it is found that MTT assay can successfully replace clonogenic assay of
tested cancer cell lines after irradiation only if MTT assay was undertaken with optimal assay conditions
that included plating efficiency of each cell line and doubling time at least.
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INTRODUCTION

The radiation survival of cells has traditionally been mea-
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sured using clonogenic assay and this has remained the
investigational tool of choice following the original descrip-
tion of the technique in 1955."? However, such assays
require reliable cell growth in a culture media, and can be
difficult and time consuming to perform in cell lines with
low plating efficiencies.” The search for alternative methods
to measure radiation survival has resulted in several evalua-
tions. Many nonclonogenic assays quantitate the cell number
based on certain metabolic functions, such as tritiated thymi-
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dine incorporation,”® glucose utilization via pentose pho-
sphate cycle,” reduction of various drugs.” The MTT
(3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide)
assay is one of these. The MTT assay is a method of
quantifying metabolically viable cells through their ability to
reduce a yellow tetrazolium salt to a purple formazan crystal
using the mitochondrial enzyme, succinate dehydrogenase.”
The optical density of the solution resulting from the
solubilisation of the formazan precipitate with an organic
solvent can be detected using a multiwell spectrophoto-
meter.” The main advantages of this assay are its rapidity
and precision, as well as lack of any radioisotope. The MTT
assay has been used successfully to test the chemosensitivity
of established cell lines.’™""

Although short and intermediate term nonclonogenic assays
have been tested in the assessment of drug sensitivity,> >

many of these are considered inadequate to measure radia- -

tion sensitivity. This is mainly related to the short duration
of the assays. Following a dose of radiation, cells destined
to die undergo one or more cell divisions." > Therefore, a
considerable period of time may elapse before these steriliz-
ed cells express their damage via a mitotic linked death and
are subsequently lost from the population.'®™™® During this
time interval, lethally irradiated cells appear to function
normally with respect to metabolism and maintenance of
intact cell structure.'® If these assays are used for radiation
survival assessment, it is important that adequate time elapse
following the radiation exposure, so that sterilized cells
express their damage and are lost from the population prior
to performing the assay.m)

This study has examined the use of the MTT assay as an
alternative to the clonogenic assay and the optimal condition
for performing this assay for the determination of radiation
sensitivity.

MATERIALS AND METHODS

1. Cell lines and culture conditions

Four human tumor cell lines have been used. PCI-1 was
derived from a recurrent Iaryhgeal squamous cell carcinoma;
SNU-1066, was derived from a laryngeal squamous cell
carcinoma; NCI-H630 was derived from a metastatic tumor
of liver. RKO was derived from a human colon cancer.
SNU-1066 and NCI-H630 were received from the Korean
Cell Line Bank. All four cell lines grew as monolayers in

Table 1. The Characteristics of the Cell Lines

Name Tumor site Pathology

PCI-1 Larynx squamous cell carcinoma
SNU-1066 Larynx squamous cell carcinoma
NCI-H630 Liver metastatic adenocarcinoma
RKO Colon adenocarcinoma

culture medium.

The culture medium for PCI-1 and RKO consisted of
DMEM (Dulbecco’s Modified Eagle Media, high glucose,
with L-glutamine, Gibco, Grand Island, NY, USA) supple-
mented with heat-inactivated 10% fetal bovine serum (Gibco,
Grand Island, NY, USA), 100 pg/ml gentamycin. For NCI-
H630 and SNU-1066, RPMI 1640 (Gibco, Grand Island, NY,
USA) supplemented with heat-inactivated 10% fetal bovine
serum (Gibco, Grand Island, NY, USA), 100 ug/ml genta-
mycin was used. Exponentially growing cultures were main-
tained at 37C in a humidified atmosphere of 95% air/5%
CO, for all cell lines. The characteristics of the cell lines
are shown in Table 1.

2. Clonogenic assay

Single cell suspensions of exponentially-growing cells were
obtained by trypsinization of monolayer cultures, with cell
counts performed using a Bright-Line hemocytometer (Sigma
Chemical Co., St. Louis, MO, USA). Based on the results of
preliminary studies, and depending on the radiation dose
applied, an appropriate number of cells were plated in a 25
em’ polystrene culture flask (Nunc EasY Flask, Nunc,
Rosklide, Denmark). PCI-1 and RKO cells were inoculated,
using 300 cells for the control plates, with higher cell num-
bers for the treated plates. For NCI-H630, 400 cells were
inoculated for the control plates, and higher cell numbers for
treated plates. The control SNU-1066 plates were inoculated
with 500 cells, with higher cell numbers for the irradiated
plates. After an overnight incubation in a 5% CO: incubator
at 37, irradiation was carried out at room temperature over
a dose range of 0, 2, 4, 6, 8 Gy in PCI-1 celis and O, 2,
4, 6, 10 Gy in NCI-H630, RKO and SNU-1066 cells using
a Mark I Cs-137 irradiator (J.L. Shepherd & ass. Glendale,
CA, USA). After culturing the cells for 10~14 days in a
5% CO, incubator at 37°C, the resultant colonies were fixed
with 100% methanol and stained with 0.5% (Wtfvol) crystal
violet in methanol. Colonies containing more than 50 cells
were scored as the endpoint of survival, and the surviving
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fractions were calculated as below.

~ Colonies formed
" Cells plated XPlating efficiency

All experiments were done in triplicate.
3. MTT assay

Cells were harvested from exponential growth phase
cultures with trypsinization. Single cell suspensions were
obtained, cells counted using a Bright-Line hemocytometer
(Sigma Chemical Co., St. Louis, MO, USA) and then dis-
persed within a Nunclon MicroWell plate (12X8, Nunc,
Rosklide, Denmark) to a total volume of 100 pi/well. After
overnight incubation, cells were irradiated at room tempera-
ture over a dose range of 0, 2, 4, 6, 8 Gy in PCI-1 and O,
2, 4, 6, 10 Gy in NCI-H630, RKO and SNU-1066 cells
using a Mark I Cs-137 irradiator (J.L. Shepherd & ass.
Glendale, CA, USA). Preliminary experiments to test the
growth pattern of cells plated at different densities and
irradiated with different dose levels were performed. The cell
densities used in the final experiments were as follows;
PCI-1 - 1000, 500, 300 cells/well, SNU-1066 - 1250, 625
cells/well, NCI-H630 - 1000, 500 cells/well and RKO - 500,
300, 200 cells/well

Surviving fractions were measured both when the irradiat-
ed cells had regained exponential growth and when the non-
irradiated cells had undergone four or more doubling times.
Where possible, the assays were run for six doubling times;
times for each cell line were 6 days for PCI-1, 12 days for
SNU-1066, 9 days for RKO, and 12 days for NCI-H630
(four doubling times). Optimally, an incubation time of 18
days would have been appropriate for NCI-H630 cells. How-
ever refeeding of cells can lead to problems of contamina-
tion. Due to this practical consideration, incubation was lim-
ited to 12 days in this cell line. Following the appropriate
incubation period, 10 g1 of Premix WST-1 solution (Takara
Shuzo Co. Shiga, Japan) was added to each well. WST-1 is
one of the tetrazolium salts and is cleaved to the formazan
dye by succinate-tetrazolium reductase (EC 1.3.99.1), which
exists in the mitochondrial respiratory chain and is active
only in viable cells.® This ready-to-use solution is containing
WST-1 and an electron coupling reagent, diluted in pho
sphate buffered saline and does not require washing, har-
vesting or solubilization of the precipitate. The plates were
assayed by a multiwell spectrophotometer (enzyme-linked im-
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munosorbent assay reader; THERMOmax microplate reader,
USA) at a wavelength of 490 nm after 4 hour incubation.
All experiments were done in triplicate.

4. Statistical analysis

For comparing the radiation sensitivity from these two
different methods, t-tests and regression analyses of survival
fraction from both methods in various radiation dose were
done.

RESULTS

1. Relationship between cell number and optical density

For each cell line, the cells were dispensed into plates in
serial dilution from 50,000 to 156 cellsjwell and incubated
for 24 hours to allow attachment. MTIT assays were per-
formed as previously described manner (see ’Materials and
Methods’).

Data points were averaged from three wells of one row.
Regression analysis revealed a high linear correlation; that is,
R® of 0.976 between 390 and 50,000 cells seeded per well
for PCI-1, R® of 0.986 between 195 and 50,000 cells seeded
per well for SNU-1066, R’ of 0990 between 195 and
100,000 cells sceded per well for NCI-H630, R® of 0.996
for RKO. Within this range of cell numbers a conversion of
the optical densities into cell numbers appeared to be
unnecessary for further analysis. The results from these
experiments are shown in Fig. 1.
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Fig. 1. Relationship between cell number and optical density
in four cell lines after mixing with 10 g1 of Premix WST-1
solution.
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2. Survival fraction after irradiation using clonogenic
and MTT assay

In the MTT assay, the survival fraction was considered to
be the ratio of the optical densities of a well defined num-
ber of irradiated and control cells.

For PCI-1 cells, the plating efficiency was 64%. The cell
number used for MTT assay were 1,000, 500, and 300 cells/
well. Finally, the results from the plate with 300 cells/well
were most appropriate for comparison with the results of the
clonogenic assay. There were no significant differences be-
tween clonogenic assays and MTT assays with the survival
fraction of 0.775 (+0.008)2 for clonogenic assay and 0.711
(£0.059) at the radiation dose of 2 Gy, 0.279 (*0.009)
for clonogenic assay and 0.268 (£0.057) for MTT assay at
4 Gy, 0.136 (0.019), 0.042 (+0.037) for clonogenic assay
and 0.105 (*+0.028), 0.056 (£0.056) for MIT assay at 6
Gy, 10 Gy, respectively.

For SNU-1066 cells, the plating efficiency was 12%. The
cell number used for MTT assay were 1250 and 625 cells/
well. Finally, the results from the plate with 625 cellsfwell
were most appropriate for comparison with the results of the
clonogenic assay. There were no significant differences be-
tween clonogenic assays and MTT assays with the survival
fraction of 0.315 (£0.017) for clonogenic assay and 0.338
(£0.051) at the radiation dose of 2 Gy, 0.075 (£0.004)
for clonogenic assay and 0.111 (£0.029) for MTT assay at
4 Gy. Data for doses of 6 or 10 Gy showed statistical
differences between two methods. The survival fractions at
radiation dose of 6 Gy were 0.019 (£0.002) for clonogenic
assay and 0.050 (£0.005) for MTT assay (p=0.01). At the
radiation dose of 10 Gy, the survival fractions were 0.005
(£0.001) for clonogenic assay and 0.027 (£0.013) for MTT
assay (p=0.04).

For NCI-H630 cells, the plating efficiency was 12%. The
cell number used for MTT assay were 1000 and 500 cells/
well. In this experiments, the plate with 500 cellsjwell were
most appropriate for comparison. The survival fractions from
two methods with the radiation dose of 2 Gy, 4 Gy, and 6
Gy were showed no statistical differnece except for 10 Gy.
The survival fractions at radiation dose of 2 Gy were 0.622
(£0.127) for clonogenic assay and 0.688 (*=0.158) for MTT
assay, 0.315 (£0.077), 0.114 (+0.039) for clonogenic assay
and 0354 (£0.064), 0.188 (*+0.011) for MIT assay in

2) Mean (+1 standard deviation)

radiation dose of 4 Gy and 6 Gy, respectively. Survival
fractions at radiation dose of 10 Gy were 0.004 (£0.003)
for clonogenic assay and 0.017 (£0.013) for MTT assay
(p=0.004).

For RKO cells, the plating efficiency was 31%. The cell
number used for MTT assay were 500, 300 and 200 cells/
well. Finally, the results from the plate with 200 cells/well
were most approptiate for comparison with the results of the
clonogenic assay. There were no significant differences of
survival fractions in the radiation dose of 2 Gy, 4 Gy, and
6 Gy. The survival fractions at radiation dose of 2 Gy were
0.580 (£0.023) for clonogenic assay and 0.597 (£0.042) for
MTT assay, 0.232 (%£0.012), 0.098 (£0.008) for clonogenic
assay and 0.248 (£0.011), 0.102 (£0.0081) for MIT assay
in radiation dose of 4 Gy and 6 Gy, respectively. Survival
fraction with the radiation dose of 10 Gy, the survival
fractions were 0.013 (£0.005) for clonogenic assay and
0.043 (£0.003) for MTT assay (p=0.002). Radiation survival
curves derived from two assays for four cell lines were
shown in Fig. 2~5.

The o and the S value of linear-quadratic model were
also calculated.” There was no statistically significant differ-
ences between the two methods: But relatively small number
of data points and lack of data from high dose level, These
data were considered to have little meaning (data not shown).

There were good linear correlations between data from the
clonogenic assay and data from the colorimetric assay by
regression analyses with the R® values were 0.9978 for
PCI-1, 09750 for SNU-1066, 09919 for NCI-H630, and
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Fig. 2. Comparison of radiation survival curve from clono
genic assay (O—QO) and MIT assay (144 hours - 6 doubling
times, 300 cells/well, A--A) for PCI-1 cells. Each points
represent the mean surviving fraction of three experiments.
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Fig. 3. Comparison of radiation survival curve from clono-
genic assay (O—O) and MITT assay (192 hours - 4 doubling
times, 625 cells/well, A---A) for SNU-1066 cells. Each points
represent the mean surviving fraction of three experiments.
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Fig. 4. Comparison of radiation survival curve from clon-
ogenic assay (O—O) and MIT assay (240 hours - 33 doubl-
ing times, 500 cells/well, A--A) for NCI-H630 cells. Each
points represent the mean surviving fraction of three experi-
ments.

0.9963 for RKO cells.

3. The effects of different seeding cell number and

timing of measurement on survival fraction in
MTT assay

Fig. 6. showed the effect of altering cell numbers and
assay duration time on the radiation survival curve of NCI-
H630 cells. As can be seen, the results can be potentially
invalidated by seeding too many cells or by shortening the
duration of the assay. At 192 and 240 hours, these potential
invalidity may be due to persistent dehydrogenase activity in
cells destined to die, whereas at 240 hours seeding 500 and
1,000 cells/well, confluence of control wells is a major
factor.
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Fig. 5. Comparison of radiation survival curve from

clonogenic assay (O—O) and MTT assay (192 hours - 6
doubling times , 200 cells/well, A--A) for RKO cells. Each

points represent the mean surviving fraction of three
experiments.
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Fig. 6. Radiation survival curves (NCI-H630) for the
colorimetric assay where the time of assay and number of
cells/well are varied. Clonogenic assay (O+O) and MIT
assay (240 hours - 3.3 doubling times, 500 cells/well, A—A,
192 hours - 27 doubling times, 500 cells/well, BN, 240
hours - 3.3 doubling times, 1,000 cells/well, @—@).

DISCUSSION

The use of MTT assay for the measurement of radiation
survival has produced conflicting results. Comparable results
to clonogenic assays have been obtained both when the sur-
viving fraction of the tumor cell lines were measured
following 4~7 cell doubling times and after the irradiated
cells had regained exponential growth.'”' Other research
comparing the two assays has found that surviving fractions
measured by the MTT assay were higher than those from
clonogenic assays.zo’ ) However, Ramsay and colleagues con-
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cluded that MTT assay increased the proportion of successful
tests, and that they were of shorter duration.

The use of the MTT assay to measure the number of
viable cells depends on the assumption that the production
of formazan crystals and the resultant optical density is
proportional to the number of cells. The relationship between
cell number and optical density is not always linear and
must be investigated for each cell line.'* %

The MTT assay used in this study gave reproducible
results with the standard deviation being generally less than
5% except NCI-H630 (about 10%). These range of standard
deviation may be due to variation in growth in culture of
different cell inocula as well as experimental error.

The radiation survival was slightly higher in the MTT
assay than the clonogenic assay except for PCI-1. Although
there were no statistical differences with the radiation dose
less than 6 Gy, using a radiation dose above 6 Gy, the sur-
vival fraction measured with both assays diverged increasing-
ly. This may due to persistent mitochondrial function in
lethally-irradiated cells incapable of division.’® Alternatively,
the surviving cells may have overgrown the dead or
damaged cells to produce a higher optical density.”® Using
96-well microtitre plates with each well containing 0.lml
medium and having a restricted bottom surface area may
lead to an early onset of plateau-phase growth. It must be
remenbered that the MTT assay used in this study measures
the surviving fraction of a population of clonogenic and
non-clonogenic cells, whereas the clonogenic assay measures
the surviving fraction of clonogenic cells only.

Therefore, at high radiation dose level, MTT assay had its
limitation on application.

Preliminary experiments were necessary to establish the
best number for use with each cell line. It is essential that
sufficient time is allowed for cell death and loss of dehydro-
genase activity and that all treatment groups, particularly the
control cells, remain in exponential growth up to the point
of assay. It was sometimes difficult to find a balance be-
tween plating the number of cells per well required for
reliable growth of irradiated cells and plating a higher num-
ber of cells that could result in the non-irradiated cells
achieving confluence. Confluence can result in overestimation
of the surviving fractions.'” ™

On the optimal cell number for MTT assay, although
there were some limitations of data interpretation due to
small number of used cell lines, less than 300 cells/well

may be optimal for cells with relatively high plating effi-
ciency above 30%. Whereas, 500 to 1,000 cells/well may be
optimal for cells with low plating efficiency below 30%.
More than 1000 cellsfwell, confluence of comtrol wells may
be a major factor of failure.

From the data of this study, the optimal timing of
measurement of survival fraction in MTT assay were after 6
doubling times, at least, more than 4 doubling times were
required for obtaining compatible results with the results
from the clonogenic assay. In consideration of the assay
condition; with the small volume of media (0.1 ml) and
restricted bottom surface area of multiwell plate, assay times
may be limited less than 12 days, practically. Therefore,
cells with long doubling times (more than 3 days) may be
inappropriate for application.

CONCLUSION

The MTT assay used in this study provided reproducible
and comparable results to those from clonogenic assays used
in the assessment of radiation survival. The optimal cell
numbers for MTT assay were different with the plating
efficiency of used cell line. From this study, cells with high
plating efficiency (more than 30%), less than 300 cells/well
were appropriate. For cells with low plating efficiency (less
than 30%), 500 cellsfwell or more were appropriate for
assay. The optimal time for MTIT assay was after 6 doubl-
ing times, at least after 4 doubling times. In consideration of
practical limits of assay (12 days, in this study) cells with
doubling time more than 3 days were inappropriate for
application.

This MTT assay offered a fapid, simple method for the
assessment of radiation sensitivity of cell lines. However, the
necessity to optimize the conditions of the colorimetric assay
for each cell line may limit its usefulness in determining
radiation sensitivity.

REFERENCES

1. Puck TT, Marcus Pl. A rapid method of viable cell titration
and clone production with Hela cells in tissue culture: the
use of X-irradiated cells to supply conditioning factors. Proc
Natl Acad Sci USA 1955:41:432-437

2. Courtenay VD, Mills J. An in vitro colony forming assay for
human tumors grown in immune-suppressed mice and
treated in vivo with cytotoxic agents. Br J Cancer 1978:37:

..168_



10.

1.

12.

261-268

. Selby P, Buick BN, Tannock I. A critical appraisal of the

"human tumor stem cell assay”. N Engl J Med 1983;308:
129-134

. Freidman HM, Glaubiger DL. Assessment of in vitro drug

sensitivity of human tumor cells using [3Hlthymidine incor-
poration in a modified human tumor stem cell assay. Cancer
Res 1982;42:4683-4689

. Twentyman PR. Walls GA, Wright KA. The response of

tumor cells to radiation and cytotoxic drugs - a comparison
of clonogenic and isotope uptake assays. Br J Cancer 1984;
50:625-631

. Von Hoff DD, Forseth B, Warfel LE. Use of a radiometric

system to screen for antineoplastic agents: correlation with a
human cloning system. Cancer Res 1985,45:4032-4038

. Mosmann T. Rapid colorimetric assay for cellular growth

and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods 1983;65:55-63

. Slater TF, Sawyer B, Strauli U. Studies on succinate-

tetrazolium reductase system Ill. Points of coupling of four
different tetrazolium salts. Biochim Biophys Acta 1963;77:383-
393

. Carmichael J, DeGraff WG, Gazdar AF, et al. Evaluation

of a tetrazolium-based semiautomated colorimetric assay:
assessment of chemosensitivity testing. Cancer Res 1987;
47:936-942

Carmichael J, DeGraff WG, Gazdar AF, et al. Evaluation
of a tetrazolium-based semiautomated colorimetric assay:
assessment of radiosensitivity. Cancer Res 1987;47:943-946
Alley RC, Scudiero DA, Monks A, et al. Feasibility of
drug screening with panels of human tumor cell fines using a
microculture tetrazolium assay. Cancer Res 1988;48:589~601
Roper PR, Drewinko B. Comparison of invitro methods to
determine drug-induced lethality. Cancer Res 1976:36:2182-
2188

13.

14.

15.

16.

17.

18.

19.

21.

- 169 -

J. Korean Soc Ther Radiol Oncol 2001;19(2):163~170

Weisenthal LM, Dill PL, Kumnick NB, et al. Comparison of
dye exclusion assays with a clonogenic assayin the deter-
mination of drug induced cytotoxicity. Cancer Res 1983:43:
258-264

Tolmach LJ. Growth patterns in X-irradiated Hela cells.
Ann NY Acad Sci 1961;95:743-757

Elkkind MM, Han A, Voltz KW. Radiation response of
mammalian cells grown in culture. 1V. Dose dependence of
division delay and postirradiation growth of surviving and
non-surviving Chinese hamster cells. J Natl Cancer Inst
1963;30:705-721

Marin G, Bender MA. Radiation-induced mammalian cell
death: time-lapse cinemicrographic observations. Exp Cell
Res 1966:3:413-423

Hurwitz C, Tolmach LJ. Time-lapse cinemicrographic
studies of X-irradiated Hela S3 cells. |. Cell progression and
cell disintegration. Biophys J 1969;9:607-633

Thompson LH, Suit HD. Proliferation kinetics of X-irradiated
mouse L cells studied with time-fapse photography, II. Int J
Radiat Biol 1969;9:607-633

Price P, McMillan TJ. Use of the tetrazolium assay in
measuring the response of human tumor cells to ionizing
radiation. Cancer Res 1990;50:1392-1396

. Wasserman TH, Twentyman P. Use of a colorimetric

microtiter (MTT) assay in determining the radiosensitivity of
cells from murine solid tumors. Int J Radiat Oncol Biol Phys
1988;15:699-702
Ramsay J, Ward R, Bleechen NM. Radiosensitivity testing
of human malignant gliomas. Int J Radiat Oncol Biol Phys
1992:24:675-680

. Jabbar AB, Twentyman PR, Watson JV. The MTT assay

underestimates the growth inhibitory effects of interferons. Br
J Cancer 1989.49:4435-4440

. Slavotinek A, McMillan TJ, Steel CM. Measurement of

radiation survival using the MTT assay. Eur J Cancer 1994,
91376-1382



— 32 28
AR 24 23

HORM MTT © Al Ale] &5 =Hof| cgt A7

MSUER oD et x| B WA TS RA" MESTSE ofstod 7el wAMo|gtei AT,
Meustn olnyst o epat
EMo|* - st T

8 H:eAIEAE MEZo MZE 28 MEae sNJ|Hoz solste 0| XL B2 u|8T Azt &
Q& e 2 2D Qlct oo M= MEe etrazohum:.—l Al formaza AMERS &A= sHol 1 7fut
S E MIT 7188 ASstol MEZR 53748 dAsPIfE JdosMel #8421 1 dgdel HNzE
FYstnxt shch

B B : PCI-1, SNU-1066, NCI-HB30, RKO 52l MEZZ0l| 0, 2, 4, 6, 8, 10 Gyl WAKME AR & MZZR 2 &%
7|t.:,*z+ MIT7|Ho2 ME MZ 288 ZASIGC MEEa SH7|He 25 o Za|AEH i ZajATof A
Mato) wat o2 $of MEE B3 3 24 AlZH S0t #2 F WAIME ZABIAR O1F 10~14Y Sof ujek £
AMslol MME MEZES $8 HMEISICH MTTVIHS AMES 25 THF0| YRE Premix WST-1 A2k 0]

E510] AlFSIYCE MTTZ|HE Zi2te] MERo|M MEZet FRE2e MyuA el 2H MEx=AHZ &0lst o|F
ASSIUC) 0] 7|H2 YWAIME ZAE2 MEOME X|$H MES 323 0|59 YAME .’F.AH'z | 2 b=
= 48 o|Mel MEZE S HA Fof Agstdct MERE SHO|H 2 MTTZ[HS 5510 g2 HE MEES F
8 % 0|E X|EZ v|maACE ‘
4 12 o|Hes oo NE ﬁ—’é%e EZHERME 5% WYACH 271x| gz P3t MEZ YES2 tHest2 bl
waid2 o 0~4 GyollM= SAHHL %QIE xol7b gigien FALM Hils MEE BAIL YYCHR=
0975-099). MTT Z|Hel Aldllol Xl MEsE vgtES et clE Hez2 Lekt=, Y¥EE0] 30% ol4
ol 30074 olst7t, 30% oletel A= 500~1,0007071 MEst 2{o2 &hel=|Uch MTTZIB2 6 ui7IAIZH 1t o]
Fo| A@sts Zo| MERE S| J1E 2HEIULH Mo 4 Hi7IAIZE ool Al¥stE Zo| HRE A
X1 MEEINCF olof w=H ufIiAlZio] 3Y 0I5k MZFEIL MZE oIzt SHUHoZA MTT 7180l Mx &

e =3 7Y e tix slof A}ROPIOH Melst Ao 2 Atz Ech

AE: OIMOM MTT2{HE o835t WAlM=AL o MENES ZXFP] HllME ou|dEE B3l 24 MEF
oMol &|&Xeo] =HS ’,%E Aol Aol o] ZAHSIOIA MTTZ[HE Algsolnt BrARMo] offh ME QIZHN &
Hol o|2E 4 UZS EIEIACE

HAIBO| : MTTH, MZFE SHIIE, WA 254

- 170 -



