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SUMMARY

Approximately 80% of human peripheral blood
T-lymphocytes could be cloned in the presence
of crude Interleukin-2, phytohemagglutinin, and
X-irradiated autologous lymphocytes and Raji
B-cells. This modified cloning method was used
to measure the in vivo frequency of HGPRT-
deficient mutant T-lymphocytes. Repeated
experiments using blood from the same indi-
viduals revealed that the frequency of mutant
cells was almost constant for each individual
even though the cloning efficiency of lympho-
cytes varied somewhat from experiment to
experiment.

Approximately 80% of both wild-type unselected
and 6-thioguanine-resistant colonies had helper/
inducer and about 20% had suppressor/cytotoxic
T-lymphocyte markers. No difference was
observed in the distribution of lymphocyte
subsets between wild and mutant lymphocyte
colonies.

INTRODUCTION

It is now well established that many carcinogens
are mutagens.”?  Although the mechanism of
induction of human cancers by carcinogens is
not yet clear, it seems reasonable at present to
assume that an individual’s frequency of somatic
cell mutants is one indicator of exposure to
environmental carcinogens. In order to assess
the in vivo mutation frequency in humans,
the use of peripheral blood cells is the most
convenient in terms of ready availability and
large numbers. Of these blood cells, lymphocytes
have long been used for chromosome studies.
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The recent development of in vitro cell culture
techniques, especially the discovery and utili-
zation of Interleukin-2 (IL2),4 has enabled
investigators to use lymphocytes for mutation
studies as well. These mutation studies have
exclusively used the hypoxanthine-guanine
phosphoribosyltransferase (HGPRT) locus as a
marker because it is an X-chromosome-located
gene and only one X-chromosome is active in
somatic cells irrespective of the sex of donor.
Therefore, a single alteration of the gene is
sufficient to result in a phenotypic change.
HGPRT-deficient mutant cells can be readily
recognized by their resistance to the purine
analogue, 6-thioguanine (TG).

The measurement of the in vivo mutant cell
frequency of peripheral blood lymphocytes was
first attempted by means of autoradiography
to detect cells which incorporated [*H] thymidine
in the presence of TG.>~7 However, it became
apparent that while most of the lymphocytes
are in Go stage in vivo, a small fraction of them
are cycling and some of these cells are scored as
resistant to TG.2  Hence, the estimated mutant
cell frequency is erroneously high when using
this method. In order to circumvent this
problem, Albertini et al’ developed a mutation
assay using IL2-dependent T-lymphocyte cloning
and TG selection. They found a mutant fre-
quency of 1.2x107° for peripheral blood
lymphocytes from two donors. They also
demonstrated that the 6-thioguanine-resistant
(TGT) lymphocyte colonies lacked HGPRT
activity, and the mutant phenotype was stable
after further culture without TG. Morley et alt?
also studied HGPRT gene mutation frequency
using a T-lymphocyte cloning method. However,
they found a mean mutant frequency of 3.0x
107% for 14 individuals which is about four times
lower than the frequency reported by Albertini
et al.” On the other hand, Vijayalaxmi and
Evans'! reported a mean TG' lymphocyte
frequency of 1.4Xx 1075 for 26 donors which is
comparable with the data from Albertini et al.

1

There are a number of possible explanations
for these reported differences in TG lymphocyte
frequency, the most important of which are the
differences in culture methods, i.e., the use and
kind of feeder cells and IL2, The importance of
culture conditions is highlighted by Albertini’s'?
finding of a tendency for the TGT lymphocyte

frequency to be overestimated when the non-
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mutant lymphocyte cloning efficiency (CE)
was low. Thus, we modified the previously
reported methods, including the method of
producing IL2 and feeder cells, and tried to make
the conditions of cloning similar for nonmutant
cells and mutant cells. This modification resulted
in an improved CE of nonmutant lymphocytes.
Several aspects of the mutation assay using this
modified T-lymphocyte cloning are presented
here.

Materials and Methods

Cell Culture Media. For maintenance of Raji<ells,
RPMI 1640 medium containing 8 mM HEPES
(Gibco), 100units/ml  penicillin, 100 ug/ml
streptomycin, 2mM L-glutamine, and 10%
heat-inactivated-screened  fetal  calf  serum
(HI-FCS) was used. For T-lymphocyte cloning
assays, MEM-ALPHA (Gibco) containing 8 mM
HEPES, 100 wunits/ml penicillin, 100 ug/ml
streptomycin, 2mM L-glutamine, 10% HI-FCS,
and 0.7 ug/ml phytohemagglutinin-P (PHA-P,
Difco) was supplemented with 20% conditioned
medium as an exogenous source of crude human
IL2, to give growth medium (GM).

Preparation of Peripheral blood mononuclear
Cells (PBMC). Venous peripheral blood was
collected and defibrinated with glass beads.
PBMC were recovered by Ficoll-Hypaque density
centrifugation and washed twice with Earl’s
balanced salt solution (EBSS, Nissui, Japan).

Preparation of Conditioned Medium as a
Source of Human IL2. Operatively resected
human spleen was cut into small pieces with
scissors and pressed through a stainless steel
grid (pore size:500um) to produce a cell
suspension. The cells were washed with EBSS
containing 20units/ml heparin and resuspended
at 10° cellsyml in Eagle’s MEM containing
8 mM HEPES, 100 units/ml penicillin, 100 pg/ml
streptomycin, 2mM L-glutamine, 25x107°M
2-mercaptoethanol, 1% PHA-M (Difco), and
2.5% HI-FCS. The cells were incubated at
37°C in humidified 5% CO,. The culture
supernatant was harvested after 24 hours and
the cells were resuspended with the same fresh
medium. The cells were cultured for another
24 hours, and the supernatant was collected.
The supernatants were mixed, concentrated,
and dialyzed against Eagle’s MEM using a hollow
fiber dialyzer/concentrator (Amicon).
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Feeder Cells. A human Burkitt’s lymphoma
cell line, Raji, was a gift from Dr. Bean (Seattle,
WA). Raji cells were irradiated with 10,000 rad
from a 40kVp X-ray source. Autologous PBMC
were irradiated with 5,000rad from the same
source.

Tdymphocyte Cloning Assay. T-lymphocyte
cloning assays were run entirely in 96-well, flat-
bottomed microtiter plates (Costar). PBMC with
or without feeder cells were placed in the GM
(200 ul/well) with the indicated TG concen-
tration. Each well without TG (control plate)
received one PBMC and each well with TG
(selection plate) received 105 PBMC. The
medium was partially replaced (100 ul) on days
3, 8, and 13. Onday 15, each well was observed
with an inverted microscope to determine the
presence or absence of colonies. CE was
calculated for each plate from the ratio of
colony-negative wells, assuming a Poisson distri-
bution of cells with the ability to form colonies
in wells. Frequency of TGP cells was obtained
by dividing CE of the selection plate by CE of
the control plate.

Thymidine and Hypoxanthine Incorporation
Assay. For the measurement of thymidine
incorporation, cells in each well were labeled
on day 15 with 0.5uCi of [®H]thymidine

(20 Ci/mmol, New England Nuclear). After
18 hours, the contents of each well were
collected separately onto glass fiber filters

using a multiple cell harvester, and the radio-
activity was measured by scintillation spectro-
photometry. For the hypoxanthine incorporation
assay of HGPRT, each well was labeled on day
15 with both 0.5uCi of [*H]thymidine and
0.05 uCi of [**C]hypoxanthine (49.0 mCi/mmol;
New England Nuclear). After 18 hours, well
contents were harvested as above and the radio-
activity was measured.

Detection of Cell Surface Markers. On day 15,
contents of colony-positive wells were transferred
to 17x17mm wells (Costar) and expanded.
The cells were incubated with mouse monoclonal
antibodies Leu 4, Leu 2a, and Leu 3a (Becton
Dickinson); this was followed by incubation
with goat antimouse fluorescein isothiocyanate-
labeled antibodies (TAGO). Cells were scored by
fluorescence microscopy; 100 cells were counted
for the number of positive cells from each
colony.
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RESULTS

Effect of Feeder Cells on the CE of TG!
Lymphocytes

PBMC from two volunteers were used to evaluate
the feeder effect of X ray-inactivated Raji cells.
Figure 1 shows that when 10° PBMC were
cultured in the presence of 2.5 ug/ml TG, the CE
of TGP cells increased from 021x107° to
0.39% 10™% in one case and from 0.053% 107° to
0.27% 107% in another when 10* Raji cells were
added as feeders. Thus, addition of Raji cells
increased the CE 2-5 times. [3H]thymidine
incorporation revealed that the lymphocyte
colonies growing in the presence of Raji cells
were more radioactive than those without them,
demonstrating the addition of Raji cells not only
increased the CE but also increased the size of
each colony. Therefore, in subsequent experi-
ments, X-irradiated Raji cells were used as feeder
ce.lis(lO4 cells/well).
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FIGURE 1 EFFECT OF IRRADIATED RAJI CELLS ON CLONING EFFICIENCY (CE) AND
THYMIDINE INCORPORATION OF COLONY-POSITIVE WELLS OF SELECTION PLATE
[ 1 Selection plate > % 0 — = » 7%h# (CE) fE Fi2 2 2@ = — K well @
thymidine H VA & (2 xf 4 2 X FR B4 Raji #lig o 52 4

[3H] thymidine incorporation of colony-

positive wells of selection plate (cpm)

Donor CE {x10-5) 0 1,000 5,000 10,000 15,000
T T T

Raji (=) 0.21 oBde o § oo .

JT.
Raji (+) 0.39 emodbolo 200 dBe o 00 o o
Raji (—) 0.053 sl @
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Raji (+) 0.27 o doBoo em o ] ) ° ° 5 |

PeriJ)hcra] blood mononuclear cells (105 cells/well) with or without irradiated Raji cells
(10" cells/well) were cultured in 96-well microtiter plates with growth medium containing
2.5 pgf/ml of thioguanine (TG). On day 15, each well was observed with an inverted microscope

to determine the presence or absence of lymphocyte colonies.

CE was calculated from the

proportion of colony-negative wells. Thymidine incorporation into colony-positive wells was
measured by labeling cells with 0.5 pCi [3H] thymidine for 18 hours after 15 days culture.
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Determination of Thioguanine Concentration

CE of TG! cells was determined with different
concentrations of the drug for two healthy
donors. As shown in Figure 2, all the wells
showed cell proliferation below 0.25 ug/ml of
TG while the CE sharply decreased at TG
concentrations of 0.25 to 1ug/ml and remained
constant between 1 to 5pug/ml. Therefore,
2.5 ug/ml of TG was adopted in the following
experiments.

Thioguanine i & O R E

TG #ifad CE %, 2HZOEHELZREHIZONVT
REsBEOERRTCREL AL, M2THRT LI
TG 0.25ug/ml L) F Tld+ 2T O well THIIEHM
HFRENA, TG imEH 0.25ug/ml A5 1ug/ml
OBTE CE 3aBucigd L, 1pg/ml 25 5pg/ml
oMTe—ELTWA., LEN->TTG2.5pg/ml %
LIF o ERIZH L .

FIGURE 2 DEPENDENCE OF THE CLONING EFFICIENCY (CE) OF SELECTION PLATE
ON THIOGUANINE (TG) CONCENTRATION
2 Selection plate 7 10— = ¥ #%h5 (CE) ¢ thioguanine (TG ) i~ O {17

{x10-5)

AN
\!

10

0.1}

CLONING EFFICIENCY OF SELECTION PLATE

;S | 1 1

1 L 1

0 05 1 2

3 4 5

TG CONCENTRATION ({ug/ml}

Peripheral blood mononuclear cells (105 cells/well) and irradiated Raji cells (104 cells/well)
were cultured in 96-well microtiter plates with growth medium containing the indicated dose
of TG for 15 days. The presence or absence of lymphocyte colonies was determined by the
observation with an inverted microscope and the CE was calculated from the proportion
of colony-negative wells.
S I YRS A0 Al (10 34 /well) & X #5104 Raji A0AQ (104 {1 /well) &, [ hizad TG Gt
MORERE FERE & RV C 15 [, 967X microtiter plate TREFEL 2. Y ¥ SRER T 0 = — O A7 BE
FipmEE ML TREL, CEZa0=2—2A"% 0 well [N AN 3 P



HGPRT Activity of TG Colonies

HGPRT activity of TGT colonies was determined
by labeling cells with both [SH]thymidine and
[**C]hypoxanthine. Results are presented as
the ratio of hypoxanthine incorporation to
thymidine incorporation (Figure 3) to enable
comparison of the results from colonies of
different sizes. As shown in Figure 3, the ratios
for the lymphocyte colonies in the TG plate
were near zero, while the ratios for those
colonies in the TG-free plate (unselected colonies)
were much higher with an average of about 0.10.
These results are consistent with the deficiency
in HGPRT activity in the colonies.

FIGURE 3
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HYPOXANTHINE INCORPORATION OF UNSELECTED AND THIOGUANINE

(TG)-SELECTED COLONIES
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Cells cultured in wells of 96-well microtiter plates were labeled on day 15 for 18 hours with a
mixture of 0.5uCi of [°H]thymidine and 0.05uCi of ['*C]hypoxanthine. Selected and
unselected colonies were isolated from the same individual.

96 7% microtiter plate @ well T 5% #& L 7 #l o % ,

(3H) thymidine 0.5.Ci & ("C) hypoxanthine
Y M

0.05.Ci il 5 THEFEISH B 12, 18IEMEER L 2. W@ AA 6, selected T f unselected 7 0 = —
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Culture Conditions for the Control Plate

It is necessary for the accurate measurement of
the TGY cell frequency to achieve similar culture
conditions for both selection and control plates.
TG sensitive (TG®) cells in the wells of the
selection plate must have some effect on TGT
cells, even though the TGS cells are only alive
for the first four or five days of the culture
with TG. In order to mimic more closely
the culture conditions of the selection plate,
10° cells/well of autologous PBMC were
X-irradiated and apportioned to the wells of the
control plate in addition to 10* cells/well of
irradiated Raji cells. As shown in Figure 4,
the CE of the control plate increased from
0.25 to 0.37 in one person (1.5 times increase)
and from 0.16 to 0.57 in the other (3.5 times
increase) when the autologous PBMC were
added. Also, in order to assess colony size in
the presence or absence of the autologous
PBMC, [®H]thymidine incorporation by the
colonies was measured. As shown in Figure 4,
the X ray-inactivated autologous PBMC not
only increased the CE but also supported clonal
growth of the cells. Table 1 summarizes the
culture conditions that we have used to measure
TGT mutant cell frequency in the following
experiments.

Reproducibility of the Assay System

Since the modified lymphocyte cloning assay
system was developed to study individual's
TGT cell frequency, demonstrable reproducibility
of the system is very important. Two healthy
donors were ref)eatedly examined over two years.
The results are shown in Table 2. The first
sample is designated time O and the time of
subsequent samples listed as months after the
first samples. In both cases, the mutant cell
frequency was of the order of 107® and the
TGY cell frequency for each individual was
almost constant over time (maximum difference
was 50% in donor S.K.) although the CE of the
control and selection plates varied somewhat
from experiment to experiment. Also, donor
J.T. always exhibited a higher mutant cell
frequency than donor S.K.

Control plate M IEFEM

TGT # s fF & IEFEICMIE + 5 1213, selection,
control i plate TORFERME#FEHOLDIZL 21
NIE % 5 v, Selection plate @ well N TG &%
PE(TGS) #iffale, TG CH#HA~5HLAEET
v g v, TGY izl s 2o a5 2 5034
Td 5. Selection plate DIFFFEMFIZE - &L
Az, XM % 2 22 Raji #3101 41 / well
DIE A2, EC PBMC 0% i /well & X #Gf L
control plate @ well {25 L 7=, 41274 L9 12,
HE PBMC ##M % 3 &, 1% ® control plate
CE (£0.252 50.37128 Kk L (1.51%H), £ 51 %1%
0.165 50.57~ & M & (3.5 LA, £/, AC
PBMC O 7FfE XL 3 FEFHET T, Ju=—D k2 &%
#HET A0z, 20=—124k % (PH)thymidine X 9
AHEFREL A B4 0RT LIz, XEREAS
PBMC (2 CE # A &65 13 T4 <, Mlania
A A E L L. R, MTORERT TG
ZEIRE AP BE 2 BE T 2 0T H L AR E RO

BHITH S,

REEOBRM%
OBy RKrao— =y rikE, BAO TG
AlasErE ORI My R, MEOMRMELRL
TELCLETEETHE. 2 BOELIRMEE
2HEMBIELHREL, 2OBREEZIIRL L.
A OEAEIER 0 & L, 2 [HED S5 ORERH %
MAFHSAAMELTRLA R d, RBER
M fa s RE 12 1078 @ 4 — % — T, control, selection
DOifiplate ® CE $EBRIZ L > T ELEWHL LA,
TGT #iMa i ZEIE—ETH -7 (S.K. OBED
BAERIN%TH-~). £, J.T. 12 S.K. &b
EVIERE AN A TR L Tw k.
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FIGURE 4 EFFECT OF ADDITION OF IRRADIATED AUTOLOGOUS PERIPHERAL
BLOOD MONONUCLEAR CELLS (PBMC) ON THE CLONING EFFICIENCY (CE) AND THE
THYMIDINE INCORPORATION OF COLONY-POSITIVE WELLS OF CONTROL PLATE
4 Controlplate 1P 27 0—=» Y (CE) R U 20 = — B well @
thymidine X V) 3A Z 12 xb 4 % X &8 44 [ R4 i 4 FE# Az (PBMC) o 2

[3H]tlwmidine incorporation of colony-
positive wells of control plate (cpm)

Donor CE 0 1,000 5,000 10,000 15,000
Autologous L
PBMC (—) 0.25 o ° °
5.
Autolo
bBMG () 037 |dbeees o .o . . 3
Autologous
PBMC () 0.16 | g .
H.O.
Autologous
PBMC {+) 0'57 J. -0 o o [ ] [ ] * o e o

PBMC (1 cell/well) and irradiated Raji cells (104 cellsfwell) with or without irradiated

autologous PBMC (105 cells/well) were cultured in 96-well microtiter plates with growth

medium containing no TG. On day 15, each well was observed with an inverted microscope

and the CE was calculated from the proportion of colony-negative wells. Thymidine

incorporation into colony-positive wells was measured by labeling cells with 0.5 uCi of
[3H] thymidine for 18 hours after 15 days of culture.

PBMC( 1 {# /well) & O°B 4t Raji #4@ (104 /well ) %, W4y (1 © PBMC(10 54 /well ) D {E 71 F

LATJETRAE FIZ TG % & F 4 0 MR 1S 56 08 & BV T 967 microtiter plate THE 46 L /. K #1511

F, B ciwell 2%, un-—AEKEA TV EV well DR P 5 CE &k,

90 = — FTE X A A well ~@ thymidine §7 W 3A Z 1%, + #1511 1112 (3H] thymidine 0.5uCi %
o T IBIEM, Al A SRk L il L -

TABLE 1 CULTURE CONDITIONS FOR THE MEASUREMENT OF
THE TG" CELL FREQUENCY
# 1 TGT HINEEEJE D5 3 R

Control Plate Selection Plate
Fresh PBMC# (cells/well) 1 10°
Feeder cells
Raji® (cells/well) 10% 10*
Autdologous PBMC®  (cells/well) 108 0
TG (ug/ml) 0 2:5

a: Peripheral blood mononuclear cells ¢ i i 3L F#l i
b: Irradiated with 10,000 rad 10, 000cad W4
C: Irradiated with 5,000 rad 5,000rad 4}

d.’ 6-thioguanine 6-thioguanine
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TABLE 2 REPRODUCIBILITY OF THE MEASUREMENT OF TG' CELL FREQUENCY
# 2 TGT #ifas R RE O 5 R
s Control Plate Selection Plate TGT cell
im F
Sargy (Months) Total Positive CEa Total Positive CE I:?gfgcy
Wells Wells Wells Wells x107°
JIE. 0 96 43 0.59 96 27 0.33 5.6
3 96 39 0.52 96 22 0.26 5.0
10 96 40 0.54 96 19 0.22 4.1
22 96 27 0.33 96 16 0.18 5.5
S.K. 0 96 40 0.54 96 10 0.11 2.0
S.K. 12 96 32 0.41 96 10 0.11 2.7
16 87 27 0.37 96 6 0.065 1.8
24 89 27 0.34 96 6 0.065 1.9
2; Cloning efficiency 7 o — = » 7 #h#

Surface Markers of the Mutant and Nonmutant
Lymphocyte Colonies

A total of 119 colonies isolated either from
control plates or from selection plates were
examined for their lymphocyte surface markers
(Table 3). Al the colonies bore the pan-T-
lymphocyte marker, Leu 4, indicating that they
were derived from T-lymphocytes. The fraction
of colonies having the Leu 3a(+) and Leu 2a(—)
phenotype (characteristics of helper/inducer
T-lymphocytes) was 47 out of 61 (77%) and
44 out of 58 (76%) for unselected and TGY
colonies, respectively. Thus, almost 80% of
the colonies in both plates had the helper/
inducer T-lymphocyte phenotype. The fraction
of colonies showing suppressor/cytotoxic T-
lymphocytes phenotype [i.e., Leu 3a(—) and
Leu 2a(+)] was 10/61 (16%) for unselected
colonies and 13/58 (22%) for TGT colonies,
a difference which is not statistically significant.
The remaining five colonies had both markers,
Leu 3a(+) and Leu 2a(+), and were the result of
innoculation of more than one cell of different
phenotype per well because the examination
by the immunofluorescence double staining
method revealed that individual cells were either
Leu 3a(+) and Leu 2a(—) or Leu 3a(—) and
Leu 2a(+).

RAFBRUFRAZR) > NBaO0=-—-0OF@A
T—h-

Control, selection jij plate 70 5 % /= 5 1191 2 0
IZonTY SRR — A — 5 ML (#3).
Zaog=—H, TY 7 ERUIHRTHZLERT
pan-T ) Y gk v —h — @ Leud % & - T/,
Leu 3a(4+), Leu 2a(—) # B & (helper/inducer
T »RE) #2230 =D& 4, koo
—=A6lau=—=0n3 H47(77%), TGF 2 u=—#"
810 =—-?D)bMU(7T6%)ThH-~. ZO LI,
ij plate @ 7 0 = — @ #) 80% 7 helper /inducer T
) v RER R A L Cu/z. Suppressor /cytotoxic
T vk R (4 b5 Leuda(—), Leu2a(+) )
rHTA20=—-0FI A1, EEIRZ 0= A6
02— 510(16%) B U TGY am=— #5820
DI 513(22%) ThH-Hd, ZRIFHIMCEE
Thwv. %35 T0=—|%Leu3al(+), Leu2a(+)
D —A—%toTHN, REHELHPLEHET
W AER, M4 OMARA Leu 3a(+), Leu2a(—)
HHWFELeu3a(—), Leu2a(+)ThHo/ T &h
5, 600 =—13, lwell 258G -/ RBTY
Lo 2@ LofifaraEsh R eELS
n.

TABLE 3 SURFACE MARKERS OF COLONIES

#3 ao-—OEAV—FH—
Mo (.)f Leu 3a Leu 2a Leu 3a+ Leu 2a
Colonies
Unselected 61 47 10 4
TG selected 58 44 13 1

10



Correlations Between CE and Lymphocyte
Subsets of PBMC

To assess the CE of lymphocytes of different
subsets, the results obtained from control plates
were compared to the PBMC subsets for 24
individuals. The CE of the control plates ranged
from 23% to 65% (meanz 1SD:44%=10%)
and the proportion of T-lymphocytes [as defined
by Leu 2a(+) or Leu 3a(+) cells] in the PBMC
ranged from 36% to 72% (mean# 1SD:55% %
9.5%). The CE positively correlated with the
proportion of T-lymphocytes (Figure 5). The

FIGURE 35
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PBMC @ 1) > NEH T & v b & CE DM

LaptTEy DY Y SHROCE A KET S0
1=, 24A12 T control plate @ CE % PBMC #7
o & HlEL 2. Control plate @ CE 323% 7% 5
65%12 5745 L (FEH9+1SD: 44% +10%), PBMC
OTY v %5 (Leu 2a (+) 3 Leu 3a (+) #lfl2) ©
B A 12 36% A 5 72% (F¥E£1SD: 55%+9.5%) T
Hot. CERTY visknE &L EOHBERL
#~(E5). IADCE & PBMC th» T ) ¥ /33kD

CORRELATION BETWEEN THE PROPORTION OF T-LYMPHOCYTES

(i.e., Leu 2a(+) or Leu 3a(+) Cells) IN PERIPHERAL BLOOD MONONUCLEAR CELLS
(PBMC) AND THE CLONING EFFICIENCY (CE) OF CONTROL PLATE
E5 ML (PBMC) @ T ) ¥ /%8 (Leu 2a(+) & 3\ 13 Leu 3a(+)
@pa) @ ke #E & control plate 7 1 — = ¥ 7 ZhF (CE) O FH

%

50 |-

40

30} .

CLONING EFFICIENCY OF CONTROL PLATE

20 |-

2

0T/

r=0.47 (P <0.05)

1 1 d

30 40 50

60 70 80 %

PERCENT OF T-LYMPHOCYTES IN PBMC

A part of the PBMC which were used for clonal assay were stained with anti-Leu 2a or anti-
Leu 3a monoclonal antibody and goat antimouse fluorescein isothiocyanate-labeled antibody.
For each sample 100 cells were counted. PBMC from 24 donors were examined.

yua—=7¥IZHw /i PBMC®

5 4 bt Leu2a X 1X$0 Leuda W &7 o — > pifk, U YH

e ATNA LA, v FE YT A= PERGES E CHE LA BEAII2 VW T100{H 0O
Miaepige L 2. BEH2AAD PBMC I 0 THRHL 2.
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ratio of the individual’s CE to the proportion
of T-lymphocytes in PBMC ranged from 0.39
to 1.0 with a mean of 0.78. This means that,
on average, 78% of the T-lymphocytes [i.e.,
Leu 2a(+) plus Leu 3a(+)] in PBMC were cloned
under these experimental conditions when
considering all the colonies had T-lymphocyte
surface phenotypes. The CE of control plates
also positively correlated (p<0.05) with the
proportion of Leu 3a(+) cells in the PBMC.
As 80% of colonies from control plates were
Leu 3a(+), CEx 0.8 equals the percentage of
clonogenic Leu 3a(+) cells in PBMC. The
proportion of Leu 3a(+) cells in PBMC varied
from 21% to 55% (mean*1SD:38%%9.2%).
The ratio of the CE X 0.8 to the proportion of
Leu 3a(+) cells in PBMC varied from 0.53 to
1.0, with a mean of 0.88. This means that, on
average, 88% of the Leu 3a(+) (helper/inducer)
T-lymphocytes in PBMC were cloned in this
assay system.

DISCUSSION

As the mutant frequency in this assay is derived
by dividing the CE of the lymphocytes in the
selection plate by the CE of the cells in the
control plate, it was attempted to maintain
similar culture conditions for the control and the
selection plates. To this end, irradiated autolo-
gous PBMC were added, in addition to Raji cells,
to the control plate as feeder cells to mimic
conditions in the selection plate. The lack of
difference in terms of T-cell surface markers
between the classes of colonies from the control
and selection plates might imply that good
homology of culture conditions was achieved.
However, the irradiated PBMC added to the
control plate do not change the morphology in
response to PHA in contrast to the TG® cells
in the selection plate. The TG® cells in the
selection plate exhibit blastic change with PHA
stimulation and may produce or consume various
lymphokines, including IL2, early in their
culture. Thus, the addition of irradiated PBMC
to the control plate is not precisely analogous
to the presence of the TGS cells in the selection
plate. However, it is currently impossible to use
feeder cells which behave the same as TGS cells

in the selection plate.

The CEs in the control plates increased 1.5-3.5
times due to the addition of autologous PBMC
to supplement the Raji cells as feeder cells. This
may be one of the reasons why we obtained a

12

AL OREIR, 0394 51.002b 70 EHHiE
0.78ThH 7. ZOZ L, 220=2—=HFTY » /¥
BREHHZAWEA 2L MET 5L, FHL T PBMC
thdT ) > 738k (Leu 2a(+) & Len 3a(+)) ®»78%
A, O L) aEBEFObLETru—- b h
o2 & ®RY. 72, control plate ¢ CElX PBMC
1) Leu 3a () flaoE & &L IEO MM (p< 0.05)
#m L 7. Control plate ®80%M 70 =—#A'Leu 3a(+)
Th-7-07, CEX0.8 &£ PBMC thoh 7 u— » ik
e b - D DR IR D N R Y
PBMC o) Leu 3a () #llan#{11 21% & 5
55% (‘¥ 18SD: 38%+9.2%) £ THE(L, #h
x4 5 CEX0.8 O (30.53251.0 & %1k L,
ZOFHHIE0.8ChH -/, 2D EiE, BHLT
PBMC th Leu 3a (+) (helper /inducer) T V) » /%
HRO8%A O HBETra—vibans 2 s &k
F8n

> Leu 3a(

k3.

E =
ZOREFETIE, a1 1 selection
plate 1) » 73k CE % control plate @ CE T#| T
B4 3O T, control, selection fiij plate Py 15
FMETERRTEMTBRLICRAL. 2010
12, Raji #ifad I3 12 X#HHE 1 2 PBMC # feeder
g & L T control plate (24012
DIEEEMFIZHRT 5 & 5120 2. control, selection
i plate TiEsh-a0=—@ TiMllaEmH~—# — (-
ZRAFAR NG &3, BEEEMEIH0EY
ThokIlEERLTVWBA3DRE LN, LAL,
control plate [Z)1Z 7= X #phdg+ PBMC [+, selection
plate O TGS #il g & 1338 - T PHA 12 KIS & 377 1
%78 7 %\, Selection plate ¢ TGS #ilflai: PHA il
RIS L TEEEL, i%ﬁ?ﬂi!ﬂf'i:‘b"(!i IL2 &1
flieD) 7494 22FEELLD, HBLEDT S
ThHhHr. 2O LI IZXHHHE L 22 PBMC O control
plate ~ @ G A7, 1EHEIZ selection plate N TGS
MllanFE e AR E DT EL L.
plate N TGS filfla &[5 L %0 % + 5 feeder #llaz
R+ 2z &3, HE, TAETHS.

IRIESA

, selection plate A

Selection

H 2 PBMC #, feeder #liia & L T Raji @iz
- %5, control plate @ CE #°1.54 5 3.5f%
MmLA oz bk, Bo < Ke R TG Mija
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lower TGP cell frequency than that originally
reported by Albertini et al® or Vijayalaxmi and
Evans.!! They used only irradiated human
lymphoblastoid cell lines as feeder cells for the
control plate, and their CE was somewhat
lower than ours. According to a more recent
report from Albertini,'* TGT cell frequency was
of the order of 107°, being comparable to our
results, with normal adult donors whose CE
in the control plates was more than 30%. Also,
he observed that TGT cell frequency ‘inversely’
correlated with the corresponding CEs of the
control plate. This inverse correlation was due
mainly to assays in which the CEs in the control
plates were less than 10%. Thus, it would appear
that a culture system in which a high (true)
CE in the control plates is obtained is necessary
for an accurate mutation assay using the T-
lymphocyte cloning method. In our system,
the CE of control plates was about 40% (the
maximum CE of a control plate is theoretically
40%-70% which is the percentage of T-lympho-
cytes in PBMC), and the reproducibility of the
measurement of TGT cell frequency was good.

In the method reported by Morley et al,’® the
CE in the control plate was 20%-60% and the
mean mutant frequency obtained for normal
adults was 3.0x107%. These results for both
the CE in control plates and the mutant
frequency are comparable to our results. But,
there are several differences in the culture
methods. Initially, they used only irradiated
autologous lymphocytes as feeder cells in the
control plates, and added no feeder cells into the
selection plates. According to a more recent
paper,13 they changed their method and started
to use both lymphocytes and a lymphoblastoid
cell line as feeder cells for the control plate.
In their method, they use a smaller number
(1-:2x 10%) of lymphocytes than we and others
(10° cells/well) in the wells of the selection
plate because they use round bottom plates.
Therefore, 5-10 selection plates must be set up
to test a sufficient number of lymphocytes as
in our method or in the method of other groups,
which is more time consuming and uses a
considerable amount of medium containing 1L2.

The reason for the dominance of the helper/
inducer T-lymphocyte subset phenotype on the
colonies we obtained is probably because that
helper/inducer lymphocytes constitute a larger
subset of blood T-lymphocytes than do the

13
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BHORE A, & #0010 Albertini 5 ¥ % Vijayalaxmi &
Evans" iz k> THE s h LD L0 KD - A HEA
D—o&EZLNED. §£5Econtrol plate |2 feeder
Mg e L THEA LA FBAlfakkL 2R, CER
AR a OME NS> 72, Albertini® O D
W&z Lk hiE, control plate @ CE #°30% L. k@
M 2 AR HEOBE, TGT Mgk A 1078 @
A= —TH A DG AICEDS o PRIEE L, TG
1 FaAE BE AT RIS T 5 control plate ¢ CE & f1 MM
ARTZIELRVWELA. ZOAOHEHMIE, FEIiC
control plate ¢) CE 4710 % < ui @ il & 5 & 17 £ 12
EB53bLOThak. TOLIETY VGO~
oy 7Dk ARMBRERBERIZEVTIE, control
plate TEw (1D )CE 25 h 3 Z & AIEHE % #
EFALOIBETES ). KA DHETIE, control
plate @ CE 11 #7940 % (control plate @ i &k CE 1%,
M1 PBMC x0T v SBROFIBIIHLL A D
W% H 6570%E % 5) T, TGE HINaMHEERE D HFH
MEIRIFTH - 7.

Morley 5 ' A" L 25 T13, control plate ® CE
1£20% A 5 60% T, W %A O P22 2828 B
HIEE X 3.0X 1078 Th 7. Z#5 control plate @
CE & 2R AN v 123 5 & & 4 ORI w
A, BRGEIIEELOERNH L. LW Morley
511, control plate |2 feeder #lf & L T X#a 4
HE) v/ kD& & (fivy, selection plate |2 (3 feeder
M RML & h o/ BOEO@EXY L khid, %6
WEHEFEHIRICEE A N2, control plate @ feeder #ifid
12 sk Bilakk ol & ER LAk . TS
X ALK plate # W T v 3 72, selection plate @
Twell 1250 T 2 » 7NEHRE AP H 4 COMEEH
HOTH A3 (105 @ /well) 0 b4n (1~2 X 104),

Mz, A S0 thoEEIHSHEEFELC
EIOHDY »3skE s zHizld, 56108
@ selection plate % HIZE L &1 H4uiE % &4, WM A
ahn, IL2 250 Es 220> 2 L2k 5.

4 A5 30 = —Thelper /inducer T ') ¥ /NERH 7
oy b BRI ASEEE T 4 A PR IE, suppressor Jeytotoxic
#MAa Lz e~ T, helper/inducer '] ¥ /YER D F5 AV A A
MpTED kELZTI Y NHRY 7o &KL,
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suppressor/cytotoxic cells, and that PHA
preferentially stimulates this subset.! If all the
subsets could be stimulated equally, the CEs
of both control and selection plates would be
higher, resulting in a more precise measurement
of the mutant frequency. Recently, Weber
et al'® reported that all the T-lymphocytes
in human peripheral blood could be cloned by
the use of an anti-CD3 monoclonal antibody
and IL2. The CD3 molecule is present on the
surface of all mature human T-iyn‘tphocytes16
and is closely linked to the T-lymphocyte antigen
receptor.!”  If this antibody triggering of T-
lymphocytes could be adapted for the mutation
assay in place of PHA, the measurement of TG
lymphocyte frequency should become more
precise.

Although some features still remain to be
improved, we believe the current modified
method for cloning T-lymphocytes is applicable
to human-specific-locus mutagenicity monitoring.
A study is now in progress to detect radiation-
induced mutations in atomic bomb survivors
in Hiroshima whose relative risk of cancer
is reported to be higher than in the normal
population.18

¥7-PHA #ZOH 7ty b &#FATHIHES S720T
HA5. 84Ty FARLEL I CEIS SN,
control % Uf selection plate @ CE & & 0 5 v il &
ML, LOHMELZAERMAEEONENTELT
HA9. Ik, Weber 5 1F, & FEEMOT Y > /8
Blx+o<T, HICD3 Hiruo—»fifk & IL2 & HwC
2U—Z{EBE 32 glRE L CDE FFld T
OMFLze PTY Bkl @ IZFFEL, "
T v SEREZEFEBMEREENL TS
ZOPEIZEAT ) ¥ SERE A PHA o fth vz
ZEHOE P E AT ENE, TG ) v S HHIED

BEIZE - LR AT TH S,

FRAEEORMEBESRTVILOO, HAOHR
#MZRAET) »gkvo—= v 7FiklL, B RIZETS
HEMEFrERAEROE = 2 ¥ XIZEHART

H5, B, BHESGEEIEEELDS0ESN

Tw BI5GB A HE B 12 50 0L BT EREA SR 1

& BRI R 2 WA S PR ARITh TS L.
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