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SUMMARY

In vivo-derived thioguanine-resistant (TGT) B cells
have been cloned from peripheral blood mononu-
clear cells (PBMC) of four healthy adults. This was
done by using Epstein-Barr virus transformation of
B cells enriched from a large number of PBMC
obtained with a blood cell separator. The cloned
TG' B cells lacked hypoxanthine guanine phospho-
ribosyltransferase enzyme activity. The frequency
of in vivo TG' B cells was estimated to be 8.6-
13.1 % 10~ for the four individuals by comparing
the cloning efficiency of nonselected cells and TG-
sclected cells. This frequency is somewhat higher
but comparable to the in vivo frequency of TG' T
cells. Because the cloned TGT B cells can be easily
expanded in vitro, this procedure provides a large
amount of material for the precise characterization
of in vivo mutations in humans.

INTRODUCTION

Detection of in vivo mutations in human somatic
cells has been demonstrated widely by the used
technique of cloning of TG" T cells present in the
peripheral blood.!'? The frequency of these mutant
T cells has been shown to increase with age®* and
in cancer patients who have received chemotherapy
andfor radiotherapy.®® Increased mutant T cell
frequency in mice after injection of a chemical
mutagen’ or whole-body irradiation® has also been
demonstrated using a similar T cell cloning method.
These results demonstrate the feasibility of using
this mutation assay for monitoring the mutagenic
cffects of environmental agents on somatic cells.
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However, our recent study on atomic bomb
survivors? suggested that many of the induced
mutant T cells have been lost from the blood after
many years. The increase in mutant frequency in the
survivors was much smaller than that observed in in
vitro radiation experiments.*® Ammenheuser et altl
showed that the elevated frequency of TG lympho-
cyles, which was detected by an autoradiographic
technique’? after cyclophosphamide therapy of
multiple sclerosis patients, returned to background
levels within six months.

The loss of induced TG' T cells observed by
us and others seems to be attributable to the
in vivo kinetics of tummover of T cells rather
than to the selection against hypoxanthine guanine
phosphoribosyltransferase-deficient (HPRT™) celis
(also discussed in Hakoda et al®). We have found
one male A-bomb survivor who had a mutant
frequency almost 100 times higher than the control
level which was present over six months of obser-
vation. This high mutant frequency was due to a
mutation in an vndifferentiated stem cell before the
differentiation i1 to T or B cells (Hakoda et al, draft
technical report submitted). Furthermore, Albertini
et al (personal communication) and Nicklas et al'3
found a similar high mutant frequency due to a
clonal expansion of mutant mature T cells in the
blood of a nonmutagenized person which persisted
for at least four years. Thus, the HPRT mutations
induced at certain stages of development of the T
cell lineage can persist for a long time. The number
of such long-lived cells may be too small for the
mutations to be frequently induced, or some mutant
stem cells may not be able to differentiate into
mature T cells in adults because of age-dependent
involution of the thymus.!*

The use of blood cells with different in vivo kinetics
may enable us to detect mutations induced long
ago. Although the frequency of glycophorin A
variant erythrocytes is much higher than that of TG
mutant T cells in A-bomb survivors,'® the nature
of the mutation cannot be studied because mature
erythrocytes lack DNA. We report here the cloning
of in vivo spontancous TG" mutant B cells from
four healthy nonmutagenized adults using Epstein-
Barr (EB) virus transformation of B cells enriched
from a large number (>10°) of mononuclear cells
obtained with a blood cell separator.
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MATERIALS AND METHODS

Peripheral blood mononuclear cells

The source of PBMC was platelet-enriched plasma
obtained from four healthy adult males using a
blood cell separator (IBM 2997). The plasma was
centrifuged at 200x g to separate platelets (upper
phase) from white blood cells (bottom phase).
PBMC were recovered from the bottom phase
plasma using Ficoll-Hypaque density centrifugation
and were washed twice with phosphate-buffered
saline (PBS) lacking Ca?t or Mg?t.

For the enrichment of B cells, T cells were depleted
from the PBMC by E-rosette formation. PBMC
were suspended at a concentration of 2 x 107/ml
with Eagle’s MEM supplemented with 10% fetal
calf serum (FCS), 2 mM L-glutamine, 24 mM
Hepes, 100 U/ml penicillin, and 100 pg/ml strepto-
mycin. Sheep red blood cells (SRBC) were washed
twice with PBS and suspended in FCS as a 2% (v/v)
suspension. Equal volumes of PBMC and SRBC
suspensions were mixed and centrifuged at 240x g.
The cell pellets were kept at 4°C for two hours to
allow rosette formation. The cells were resuspended
using a pasteur pipet and the rosette-forming T cells
were depleted from the PBMC by Ficoll-Hypaque
density centrifugation.

Cloning of TGT mutant B cells

T cell-depleted PBMC were infected with EB virus
by incubating them at a concentration of 2 x 108/ml
with a supernatant of the B 95-8 marmoset cell
line for two hours at 37°C. After incubation,
the cells were resuspended with fresh RPMI1640
(GIBCO) supplemented with 10% FCS and 2 mM
L-glutamine and inoculated into the wells of 96-well
microtiter plates (Coster, flat bottom). An average
of either 100 cells or 2 x 10° cells per well was
inoculated into the wells without or with 2.5 pg/ml
TG, respectively. X-irradiated (100 Gy) Raji cells
(a Burkitt lymphoma cell line) were also added to
the wells without TG (10%/well). The cells were
cultured in 20041 medium/well in a humidified 5%
CO; 1n air for four weeks. Half of the medium was
replaced once a week.

Cloning efficiency (CE) was calculated from the
proportion of colony-negative wells assuming a
Poisson distribution of the cells. Frequency of TGY
B cells was obtained by dividing the CE of TG-
selected cells by the CE of nonsclected cells.
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Measurement of HPRT activity HPRT & 1% O8I E

HPRT activity was measured by a modification of HPRT it 1t, Albertini 51 250k L 2 Jiikio £ H 4
the method described by Albertini et al.! B cell
colonies (2-5 x10% cells) were washed three times
with PBS and suspended in 500 ul of cold 0.01 M

Mzt knilllE s/ Billladga=-—(2~5X%
105 #itth) (£, PBS T3 RIEFL, HH0.01 M Tris

Tris HCl, pH 7.4 and were disrupted by sonication. HCI, pH 7.4, 500 pl (=67, B ROLHIE CHUA
After centrifugation at 27,000x g for 30 minutes, the LAz 27,000 X g T30 7 Bl Go or BE 7, B0 R 1
supernatant protein concentration was estimated by HELL, %50 4 FE Gt % IT 0 280 nm O MK B CHEE L,

the absorbance at 280 nm using a spectrophotometer
and was adjusted to 500 ug/ml using 0.01 M Tris
HCI, pH 7.4. Twenty microliters of the cell extract

was added to a reaction mixture (30 ul) containing MgCly , 22 uM(MC) K F 42 F > (49 Ci/ mmol ),
0.1 M Tris HCI, pH 84, 5 mM MgCl,, and 1mM 5:RAKRURA L eo vfEh s % 5 KINES
22 uM [*C] hypoxanthine (49 Ci/mmol), 1 mM (30 1) 12, BN HEZO ) FEMIL 2L BN,
S-phosphoribose 1-pyrophosphate.  The reaction TCC2MEM A v ¥ ax— ik, 0.1 M ®EDTA
was stopped with 30 ul of 0.1 M EDTA after
two hours of incubation at 37°C. The reaction

0.01 M Tris HCI, pH 7.4 12 & 9 500 pg/ml & & 2
Lozl -, 0.1 M Tris HCI, pH 8.4, 5mM

30 ul AR E L AL BOGE G A, Watman 3 MM

mixture was spotted on Watman 3MM paper and Rz ANy b L, 5% NaH, PO, T, YU~ o3
chromatographed with 5% NaH,PO,. Conversion T 4= Eifof, EEFHLFLDIMP SO D
of hypoxanthine to IMP was measured by liquid ME L, PHE o ARy P OREE A, Wk L T
scintillation determination of radioactivity of paper be b g v T+ 5o ki kD iF bl BRI,

&)
spots. Conversion was calculated as follows: BITFOE S 5L 2.

; cpm IMP
% conversion = - x 100.
cpm hypoxanthine + cpm IMP
Analysis of cell surface antigens MR R E LR O 5 #h

Surface antigens of the cloned lymphocyles were pU— b LA v RO BT, BT
analyzed using imunofluorescence staining of 1-2 1 O AP L. B A W e

. ~ 2 X105 Ofilla @ itk gita L, FACS 4
% 10° cells for each antibody and a FACS Analyzer o B _d' - & 4 ;‘ L\ s ;;J ,
(Becton Dickinson). The monoclonal antibodies 7 4% — (Becton Dickinson) &Hv ot L 2. )]

used were Leu 5 (anti-CD2), Leu 16 (anti-CD20), L7z 7 v — > 3iffld, Leu 5 (anti-CD2), Leu 16
anti-IgM, IgG, and IgD, all obtained from Becton (anti-CD20), anti-IgM, IgG, IgD ¢, 4T
Dickinson. Becton Dickinson # & {572,

RESULTS ©® B

The B cells were enriched approximately 4-fold _ )

il a1 5 (CD20, pan- BAfllfatilit) ot #
affer: deploiion, of T ¢glll from the POMC by B- D RURIE. Leu 18 (CDM; wan~BANARSLIR) A
rosetting as indicated by the proportion of Leu 16 ~ WO &ETALNS LTI, Euty bz &0 PBMC

(CD20, pan-B cell antigen) positive cells and the o5 THINE % B 1%, #4ffc@fisns, — 7,
total cell count decreased to 1/5-1/7 (Table 1). e A s~ 41 LA (Fl).

After .four weeks of cultu.re, eac.h well‘ of the R, o D G o o TRl
microtiter plates was examined with an inverted Lo o
microscope to determine the presence or absence EECLMEETIRTEL, U v ko m = - DAl E
of lymphocyte colonies. As shown in Table 2, 40% P Lz, 2w T e sn, TG BFENTOL00E/
to 80% of the wells which received 100 cells/well e VARREEL A2 2 LODA0% ~80% 1%, T0 = —[ETE
without TG were colony positive, giving CEs of ¢ CEl, 0.52~1.57X10-2 Th 7. TGF Yot
0.52 to 1.57 x 1072, TG' lymphocyte colonies
were observed in 3 to 32 wells out of 258 1o 7 ) 7 _
1,824 wells which received 2 x 10° cells/well and FINL 22 258~ 1,824 D7 =MD 9 53 ~327 = NS
2.5 pg/ml TG. Thus, the mutant frequency was Ao, ZOk Iz, B4 A OGN

oo —f, 2X105{@/ 7=, 2.5 ug/ml TG #



calculated to range from 8.6 to 13.1 x 107 for
four individuals with a mean frequency of 10.8 x
109,
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MY, 8.6~13.1X107° o ¢l xh, £

BIEELE, 10.8X107°% T - 1.

TABLE 1 ENRICHMENT OF B CELLS FROM PBMC
#1 PBMC #» 5 @ B il flaint i
Number of PBMC % B cells (Leu 16+)
Donor  Age Before After Before After
(yrs)  E-tosetting  E-tosetting E-rosetting  E-rosetting
HN 35 3.5x10° 052x 10° ND? 60.4%
MO 46 15x%10° 021 x 10° ND 72.8%
ES 41 2.8 x 10° 042 x 10° 14.4% 49.4%
TA 35 07 x10° 016 x 10° 7.6% 33.1%

*Not done 4 LAY

TABLE 2 SPONTANEOUS TG" B CELL FREQUENCY IN PERIPHERAL BLOOD

# 2

AT o | AZES TG Bl NafiFE

—TG plate
(100 cells/well)

+TG plate
(2 x 10° cells/well)

Donor  Total Colony-positive CE(x 1072)  Total Colony-positive  Mutant frequency
wells wells (%) wells wells (%) (x 1079
HN 96 53 «(39) 0.80 1824 25 (1.4) 8.6
MO 96 76 (79 1:57 792 32 (4.0 131
ES 76 32 (42) 0.55 1342 15 (1.1) 10.3
TA 42 17 (40) 0.52 258 3 (1.2) 11.2
— In (negative wells/total wells)
—In (KatE > 2L/ = L 580)
CE =

cells plated
FL— LAl

HPRT activity of the TG! colonies was almost zero
compared to that of the nonselected colonies as
shown in Table 3. Thus, the TG" lymphocyte
colonies obtained were true mutants lacking HPRT
activity.

Table 4 shows the surface phenotypes of the lym-
phocyte colonies examined by immunofluorescence
staining. All the lymphocyte colonies grown in
both control and selection plates did not have pan-T
cell antigen Leu 5 (CD2), but had a marker for B
cells, Leu 16 (CD20), indicating that all the colonies

TGT 2w =—@ HPRT ifMkiz& 3 (24 & 50, JE
Wao -l T, ZBE¥OTH- 2 Hoh
2 TGY ) witkao=—1%, ZO k)12, HPRT &
FRMLUAORBERETH - .

F#d 1L, AR RePUR A Tk vk oo =~
OFMFMRYERL A 8 Bl 7L — T
WHELEY R oog -+~ H,
HUIE Leu 5 (CD2) #41L Tk 6%, BT
H 5 Leul6 (CD20) #FL THN, ¥XTOID=Z—H

pan-"T" flit iy
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TABLE 3 HPRT ACTIVITY OF NONSELECTED AND TG-SELECTED
B CELL COLONIES

73 JEER K O TG KB Mg o9 =— @ HPRT i %

HPRT 1IPRT
Donor  activity (%) Donor  activity (%)
Nonselected TG-selected
colonies colonies

1B1 HN 89 1B7° HN 2
1B2 " 64 1B15 " 2
1B3 2 55 1B23" 1
1B4 " 95 1B25" ¢}
1B7 o 54 2B6" MO 2
1B12 " 70 2B7" i 1
2B1 MO 54 2B10F 0
2B2 i 89 2B11° " 1
2B3 " 66 2B127 " 0
2B4 " 97 2B147 " 0
28BS " 71 2B17° " 1
2B6 " 96 2B20° E 0
2B7 " 43 2B217 " 0
2B8 ! 50 3B7° ES 0
2B10 . 74 3B147 " 0
2B12 " 21

3B3 ES 46

TABLE 4 SURFACE PHENOTYPE OF NONSELECTED AND
TG-SELECTED COLONIES

Fod JEEIR R TG AR 0w = — 0 4 (i 42 B

Surface antigens

Leu5 Leul6
Donor (CD2) (CD20) IgM IgD 1gG

Nonselected
colonics

1B5 HN -
1B6 " =
188 i -
3B3 ES —
4B3 TA s
4B14 " =

+ o+ + + o+

+ o+ + 4+ o+

+ o+ o+ o+
|

TG-selected
colonies

1B7° HN =
1B15° ! —
1B823° " —
2B6" MO i
2B7° " =
28117 & —
2B15° " =
2B17" = =
2B20° " —
2B21F " ==
3B ES =
3B14" " =
3B16" " =

+ + + + + + + 4+ +
+ 4+ + + + + + + + + +FF
+ + + + + + + |+ 4+
| 11




belong to B cell lineage. All of the colonies also
had surface immunoglobulins (mostly both IgM and
IgD) confirming their origin in B cells.

DISCUSSION

HPRT™ mutant B cells have been cloned from the
peripheral blood of four healthy nonmutagenized
adults. Because these mutant B cells had been
transformed by EB virus and some of the virus
genome is integrated in the host DNA,® there is
a possibility that the mutants had been induced in
vitro during the process of trasformation rather than
in vivo. However, this is unlikely [or the same
reason as was discussed in the system using T
cells.t

Cultured mammalian cells usually require several
cell divisions to express the mutant phenotype (TGT)
after induction. Human B lymphocytes require
as many as 16 divisions to fully express this
phenotype.!” In the assay presented here, TG was
added within 2-3 hours after the start of incubation
with the culture supernatant containing EB virus.
Thus, the cell divisions necessary for the expression
of mutant phenotype could not have occurred during
the transforming process before the addition of TG.

The frequency of HPRT™ mutant B cells obtained
here ranged from 8.6 to 13.1 x 107 in the four
individuals. This frequency is 2-3 times higher than
that observed for HPRT™ T cells.?%18:19 Although
Albertini et al! reported a TG' T cell frequency
in the order of 1075 for two healthy adults in
their initial study, they have subsequently set the
"normal” level of the frequency as less than 10
x 107 in a more recent report.'® Albertini?®
pointed out that the mutant T cell frequency tended
to be overestimated when the CE of nonselected
cells was low. In the method for cloning B
cells presented here, the culture conditions for
nonselected B cells and TG-selected B cells are
fairly different: 100 lymphocytes and 10,000 Raji
cells were inoculated into the wells without TG and
2 x 10° lymphocytes into the wells with TG. To
produce more similar culture conditions, 2 x 10°
infected irradiated lymphocytes instead of Raji cells
could have been added to the wells without TG
but was not done routinely because of a shortage
of cells. In a preliminary experiment, the CE of
nonselected B cells approximately doubled when
we added x-irradiated lymphocytes instead of Raji
cells (unpublished results). Therefore, the higher
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frequency of mutant B cells observed here relative
to T cells is probably the result of less than optimal
culture conditions for the cloning of nonselected
cells.

Although the variation in CE between persons of
nonselected B cells ranges from 0.52 x 1072 10
1.57 x 1072, the variation in mutant frequency was
much smaller. Furthermore, dependence of mutant
frequency on the CE of nonselected cells was not
observed to occur. This indicates that the assay
described here can be used for the comparison of
the mutant B cell frequency between individuals or
groups. However, further studies to improve the
CE are needed before screening a large number of
samples because the present assay requires approx-
imately 100 ml of peripheral blood to obtain one to
two spontaneous mutant B cell colonies.

Because EB-transformed B cells can easily be
cultured in vitro, the analysis of nature of the
mutations at the molecular level will become more
easy. Recently, Gibbs and Caskey?! reported the
detection of point mutations in HPRT messenger
RNAs of patients with Lesch-Nyhan syndrome in
whom no HPRT Southern or Northern blot changes
had been found. A similar analysis for the char-
acterization of in vivo somatic mutations is also
needed because Southern blot anlaysis revealed that
80%-90% of spontaneous mutant T cells had no
detectable changes in DNA (Nicklas et al*® and
Hakoda et al, draft technical report submitted). Be-
cause the cloned mutant TG' B cells can be readily
expanded in vitro, the analysis of the molecular
nature of such mutant will be facilitated.
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mVdld, s CIEERMINED 70— U Iz E %
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FER R BT CE 124 6 h Al A2, 0.52 X 1072
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WO AR, YL—7HoOlEfM s %
ALTwa., Lal, HITOTyLA43:TIE1~2{0
DHREERRER B 20 = — 2% 2 2021,
F100ml DKM ELEETZZ LS, 2HORE
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ZEEWMEL . Southern 70w Mo fFic kD, A
FELERMERTHNLNB0% ~90% 1+, DNA HiZ kel
g 2 B b A 2o EFM S 245 THD
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