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SUMMARY

In vitro culture conditions for colony formation of
human fresh peripheral T-cells using phytohemag-
glutinin (PHA) and recombinant Interleukin-2 are
defined. Peripheral lymphocytes, from six individ-
uals, were exposed to X or gamma rays in vitro,
and dose-survival curves were obtained. The re-
sults showed typical sigmoid curves similar to those
observed when other mammalian cells are exposed
to radiation. The Dy (dose required to kill 90% of
the cells) was found to be 3.0 to 3.5 Gy.

INTRODUCTION

The variation of radiosensitivity among individu-
als has not been taken into account in the assess-
ment of radiation risk to humans, mainly because
the variation in normal populations is not clear and
is regarded to be small.® Most of the studies on
radiosensitivity of cells from patients who are ge-
netically prone to cancer as well as normal people
have been conducted using normal diploid skin fi-
broblasts. Such investigations are, however, limited
because of the difficulty in obtaining skin samples
from healthy people. Recently, with the discovery
of T-cell growth factor (Interleukin-2, IL-2), it be-
came possible to obtain clonal growth of peripheral
T-lymphocytes with high cloning efficiency (CE).
This colony formation method is superior to that
used previously in which skin fibroblasts were used
because of the ease in obtaining the cells. Here we
report a method of T-cell colony formation in vitro
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using PHA and recombinant IL.-2 and the results of
radiation dose-survival experiments using cells of
six healthy individuals.

MATERIALS AND METHODS

Isolation of lymphocytes. Three milliliters of blood
was defibrinated with glass beads and mononuclear
cells were separated by Ficoll-Hypaque density gra-
dient centrifugation.? The cells were washed three
times with Earle’s balanced salt solution (EBSS)
containing 2.5% fetal calf serum, 100U/ml Peni-
cillin, and 100 pg/ml Streptomycin.

Colony formation. The culture medium was alpha-
MEM supplemented with 4 mM HEPES, 2mM L-
glutamine, 100U/ml Penicillin, 100 pgg/ml Strep-
tomycin, 0.7 ug/ml Phytohemagglutinin-protein
(PHA-P, Difco), and 5U/ml recombinant IL-2
(Shionogi Pharmacy Co., Ltd.). The mononuclear
cells were suspended in EBSS at a concentration of
1 x 10° cells/ml. Immediately after appropriate di-
lution with the culture medium, cells were irradiated
with 8°Co gamma rays at the Research Institute for
Nuclear Medicine and Biology, Hiroshima Univer-
sity, and 2 to 800 cells (depending on the dose) were
seeded to each well of a 96-well microplate (flat
bottom, Corning) with 0.10 ml of culture medium.
One plate was used for each irradiation. In the
case of X irradiation, 2 to 800 cells were distributed
in a microwell plate prior to exposure. In both
cases, PHA was added immediately after irradiation.
Radiation exposure was delivered at a dose rate of
50 and 44 rad/min for *°Co gamma rays and X rays
(Shimazu WSI-250S, operated at 220kVp, 8mA,
with a 0.3mm Cu and 0.5mm Al filter), respec-
tively. As a feeder layer, human B-cells, Raji (IL-
2 independent), inactivated with 100 Gy of X rays,
and human allogeneic lymphocytes, inactivated with
50Gy of X rays, were added to each well with
0.10ml of the medium in both gamma- and X-
ray experiments. Cells were incubated at 37°C
in a humidified COg incubator (5% COg plus 95%
air). Half of the medium (0.1ml per well) was
replenished after one week, and the presence of
colonies was determined after two weeks using
an inverted microscope. The CE of nonirradiated
cells was found to be around 10%. Under the
experimental conditions of the present study, it has
been found that more than 80% of the colonies thus
obtained possessed T, antigen on the surface?; they
are mainly helper/inducer T-cells, which are being
sought under the present examination.
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Determination of surviving fraction. To determine

the surviving fraction (SF), CE was first obtained
for each plate by the formula®4:
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SFs were obtained by dividing the CE at each dose
by that of the same individuals’ nonirradiated plate.

RESULTS

Before conducting the radiation experiments, con-
ditions of feeder cells were examined. Our pre-
vious investigations revealed that X ray-inactivated
Raji cells (10* cells/well) support clonal growth of
fresh lymphocytes.® Thus, different numbers of X
ray-inactivated allogeneic lymphocytes were plated
with 10* Raji cells per well. It was found that
the colony size was small with less than 1x 10%
allogeneic lymphocytes per well, and it was some-
times quite difficult for the untrained eye to identify
the presence of growing lymphocytes. With more
than 2 x 10* lymphocyles per well, colony size was
greatly improved and CE also increased substan-
tially (Figure 1). Therefore, in the following dose-
survival study, 1 x 10% Raji cells and 2 x 10* allo-
geneic lymphocytes were seeded per well as feeder
cells.
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FIGURE 1 THE EFFECT OF X RAY-INACTIVATED ALLOGENEIC LYMPHOCYTES ON
THE CLONING EFFICIENCY OF FRESH LYMPHOCYTES
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Cells from three laboratory volunteers were exposed
to ®°Co gamma rays and cells from another three
volunteers were exposed to 220kVp X rays to ob-
tain dose-response curves (Figures 2A and 2B). Typ-
ical curvilinear responses were observed as reported
for many other cultured mammalian cells. Cells
from one individual were collected again one month
later and reexamined; the result was similar to that
in the earlier experiment (Figure 2A, open and closed
circles), demonstrating that the present assay system
is satisfactorily reproducible.
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FIGURE 2 RADIATION RESPONSE OF THE LOSS OF COLONY FORMING ABILITY OF
HUMAN PERIPHERAL T-LYMPHOCYTES
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A. Results ofdoCO gamma rays for three volunteers. B. Results of 220 kVp X rays for three different
individuals. The open and closed circles in A represent the initial and repeated examinations of

the same person. The lines were fitted by eye.
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DISCUSSION

As shown in Figure 2, the dose-survival curve of
T-lymphocytes has a broad shoulder and the slope
is continuously curving up to 6Gy. Therefore
no estimation was made for n and Dy which are
usually obtained for multitarget models. If a
linear extrapolation was made using data points
above 3 Gy, the n value would be certainly larger
than 10. This is in sharp contrast to the results
obtained with normal human skin fibroblasts*:® and
thyroid epithelial cells® in which the shoulder was
found to be practically absent or quite small. It
is not clear at present why such shoulders were
observed in these experiments. One possible
reason, however, may be related to the arrest of
fresh lymphocytes in the Gg cell cycle. James et
al” used normal human lymphocytes under long-
term culture (more than 20 days) in dose-survival
experiments and reported an almost linear dose-
response curve (0-400 rad, average n=1.4 for five
individuals).  Sanderson et al® examined dose
responses of fresh, nonproliferating lymphocytes,
and proliferating lymphocytes three days after PHA
stimulation and reported that the growing cells were
considerably more radiosensitive and the shoulder
was greatly diminished. Wolff® also showed that
lymphocytes at the G, phase are twice as sensitive
as cells at Gy in terms of radiation-induced di-
centric/ring chromosome production. These results
strongly suggest that Gy lymphocytes are capable
of repairing sublethal damage more effectively than
cycling cells. This is probably due to the fact that
they have a longer time for repair to occur before the
onset of DNA replication. On the other hand, in a
plaque forming cell (PFC) assay with mouse spleen
cells, Sado et al*® reported that the survival curve
for cells from B6 mice was almost exponential while
cells from C3H mice had a broad shoulder (n=more
than 10). These results may indicate that such a
broad shoulder is not an unusual characteristic of
normal cells following radiation exposure. Dose
fractionation experiments will be used in the near
future in an effort to clarify this hypothesis.

It has been known that peripheral lymphocytes are
one of the most vulnerable cells to radiation injury.
In rats, for example, after a total-body irradiation of
50rad, the peripheral Iymphocyte count decreased
to less than 1/2 of the normal value within one
day.!! In human peripheral lymphocytes, exposure
to 150R in vitro resulted in about 90% of the
cells being classified as morphologically nonviable
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after six days’ culture (without PHA stirulation).!?
It has also been shown that the ultrasensitivity is
greatly diminished if the cells were stimulated by
mitogens in vitro either before or after radiation
exposure.!?:13 In the present study, cells were
irradiated at the Gy stage, followed by PHA stimula-
tion, and the results show that the Dy lies between
3 and 3.5Gy which is in reasonable agreement
with results obtained with other types of human
cells; that is, human skin fibroblasts (34 Gy,* 3.5-
4.5Gy®), mammary epithelial cells (>4 Gy'%) or
thyroid epithelial cells (2-3.5Gy®). The molec-
ular events relating lymphocyte blastogenesis to
reduction of lymphocyte radiosensitivity are not
understood as yet. In this regard, it is interesting to
mention that resting oocytes of juvenile mice have
been known to be quite radiosensitive (D =20 rad)
while growing oocytes are not.'® Hence, in both
oocytes and lymphocytes, cells at the resting stage
seem to be programmed to die after exposure to
small doses of radiation, whereas physiological
alteration (i.e., maturation of resting oocytes and
blastogenesis of small lymphocytes) may release the
cells from the programmed interphase cell death
leading to a common mitotic death of which the
target molecule is mainly DNA (chromosomes).
Alternatively, it has been speculated that the greatly
increased DNA polymerase and ligase activities ac-
companying lymphocyte blastogenesis may render
the cells to repair DNA damage more effectively.!®

The present assay provides the means to survey
human radiosensitivity at the cellular level for a
large number of people and such investigations are
currently under progress.
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