Demerara Plateau, like that beneath
the Blake Plateau and Bahamas, had al-
ready been created by the late Jurassic,
and that this crust provided a sub-
siding shallow-water platform upon
which sediments were deposited.
Paur J. Fox
BruceE C. HEEZEN
Lamont-Doherty Geological
Observatory, Columbia University,
Palisades, New York 10964
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Specificity of Antigen Recognition

by Human Lymphocytes in vitro

Abstract. Delayed hypersensitivity reactions in vivo are exquisitely specific, in
terms of both a lack of response after induction of tolerance and a response
after sensitization. These studies in vitro demonstrate that this specificity, at least
at the level of antigen recognition, is probably derived from different populations
of cells, each responding to different antigens.

Lymphocytes from animals primed
with certain antigens undergo blast
transformation and mitosis in vitro
when cultured with the priming anti-
gen. An important question concerning
this proliferation is whether the re-
sponding cells are part of a totipotent
population in which any cell can re-
spond to any antigen to which the
animal is primed or whether the re-
sponding cells belong to distinct or
partially distinct populations of anti-
gen-specific cells. .

Using their in vitro antibody plaque-
forming-cell system, Dutton and Mishell
have shown that different populations of
antigen-specific precursor cells exist in
the spleens of immunized mice (7).
Addition of lethal amounts of tritiated
thymidine to cultured cells dividing in
response to sheep erythrocytes reduced
the population to one which could no
longer produce plaque-forming cells to
the homologous antigen, but would pro-
duce plaque-forming cells in response
to a heterologous antigen which does
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not cross-react with homologous anti-
gen (burro erythrocytes). The produc-
tion of plaque-forming cells to sheep
erythrocytes in the suspension of mouse
spleen cells in vitro probably involves
the interaction of three distinct cell
types. These include, in addition to
adherent cells, nonadherent cells of two
types, probably a “thymic” cell popu-
lation and a “bone marrow” cell popu-
lation, both of which may undergo
proliferation in response to antigens
(2). Which cell types show specificity
in the Dutton-Mishell experiment is
not clear.

One method of ascertaining whether
the thymic cells show specificity is to
use in vitro lymphocyte cultures of
peripheral blood. This in vitro response
appears to correlate with in vivo de-
layed hypersensitivity (cellular immu-
nity) and thymic function rather than
with humoral immunity (3). To deter-
mine whether specificity exists (that is,
whether different cell populations re-
spond to different soluble antigens) in

this. system- similarly requires that one
eliminate or inactivate all cells in cul-
ture that are responding to one antigen.
If the hypothesis of separate cell popu-
lations is valid, then, while these cell
cultures should no longer respond to
the homologous antigen, one would ex-
pect a normal response to a heterolo-
gous antigen.

Inactivation of cells which are syn-
thesizing DNA in response to a soluble
antigen with the use of lethal amounts
of tritiated thymidine is not accom-
plished in the leukocyte culture system
where response is measured by tritiated
thymidine incorporation. The incorpo-
ration of S-bromodeoxyuridine (a thy-
midine analog) into DNA of dividing
mammalian cells in culture provides an
alternative means of inactivating spe-
cifically responding cells. Such cells be-
come light-sensitive and are readily
killed if exposed to light in the visible
or near-visible region (4). We have
adapted this approach to leukocyte cul-
tures and present evidence suggesting
that, in part, different cell populations
respond to different soluble antigens.

Peripheral blood from healthy donors
was drawn into heparinized syringes
and allowed to settle for 2 to 3 hours.
The leukocyte-rich plasma was re-
moved, and leukocytes were obtained
by centrifugation at 150g for 10 min-
utes. Cell-free plasma was prepared by
two consecutive centrifugations of the
supernatant plasma at 1650g for 10
minutes. Leukocytes were suspended
and cultured in tissue culture medium
199, Earle’s base (Gibco, Grand Is-
land, New York) supplemented to con-
tain approximate final concentrations
of penicillin (100 unit/ml), strepto-
mycin (100 pg/ml); and fresh or once-
frozen cell-free plasma (20 ml/100
ml). Responding cells were suspended
in a final concentration of 0.2 X 108 to
0.4 x 108 mononuclear cells per milli-
liter. Replicate 2-ml cultures were main-
tained for 7 days in a humidified at-
mosphere containing S5 percent COs,.
Cultures were labeled with 2 uc of triti-
ated thymidine (specific activity 1.9
c/mmole; Schwarz BioResearch) for
16 hours after 6 days of incubation and
then harvested on day 7 with the addi-
tion of approximately 50 ug of non-
radioactive thymidine, chilled on ice,
and centrifuged at 1000g for 10 minutes.
Incorporation of radioactive thymidine
was assayed (5), and the average stan-
dard deviation of replicate cultures for
these experiments was 20.9 percent.

Conditions for effective killing of
cells synthesizing DNA with 5-bromo-
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deoxyuridine (BUdR) and light treat-
ment are described below. The BUdR
(Sigma Chemical Company) was dis-
solved in Hanks balanced salt solution
and added to each incubating cell cul-
ture for a period sufficient to insure
its incorporation into cells synthesizing
DNA. The cell cultures were exposed
to visible or near-visible light by placing
the open-bottom culture tube rack 3 to
5 cm above the two fluorescent lamps
(15-watt, Champion “Cool White”
tubes, 45 cm long) of an inverted desk
lamp. Control cz1l cultures (nonilltumi-
nated) were placed near the lamp but
shielded from the light. Excess BUdR
was removed from cultures by centri-
fugation at 300g for 10 minutes and
subsequent decantation of the culture
medium. Cultures were vortexed once
before the cells were suspended in fresh
medium. The various culture stimulants
used were streptokinase-streptodornase
(Varidase) (SK-SD) No. 2201-66 (Led-
erle); tetanus toxoid, fluid (U.S.P.
Eli Lilly); and mumps skin-test antigen
(Eli Lilly).

The relation of stimulated cultures
to sensitivity to BUdR and treatment
with visible light are given in Figure 1.
Cell cultures stimulated with mumps
skin-test antigen (2.0 ul per milliliter
of culture medium) were subjected to
treatment with BUdR (2.5 X 10—¢M)
and light (90 minutes) and assayed on
day 7. Other experiments showed that
BUGdR at higher concentrations (10—3M
or 10—*M) showed an extensive cyto-
lethal effect without illumination, al-
though light somewhat increased this
effect. At lower concentrations (10—3M
to 10—6M) elimination of the response
required illumination with light (a max-
imum effect was shown with 60 to 90
minutes of illumination), while at
10-7"M BUdR it was not possible to
achieve complete elimination of the re-
sponse. Treatment with BUdR and light
during days 1 to 2 of culture has vir-
tually no effect (Fig. 1). After 2 days,
while the response for all cultures was
somewhat depressed by the mechanics
of the treatment procedure, only those
cultures receiving both BUdR and illu-
mination showed a further marked
diminution. Thus cultures become sen-
sitive to treatment with BUdR and
light after 48 hours, and the response
is virtually eliminated if cultures are
treated after a 72-hour incubation
period.

The results of an experiment de-
signed to ascertain whether separate
cell populations respond to different
soluble antigens are given in Table 1.
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Fig. 1. The effect of
BUdR and light treatment
in eliminating the pro-
liferative response of hu-
man lymphocytes to
mumps skin-test antigen.
The ordinate represents
incorporation of tritiated
thymidine in cultures re-
sponding to the antigen
as assayed on day 7. The
abscissa represents the
days when cultures un-
derwent treatment with
BUdR and light. Each
value represents the mean

DAY 2-3
BUdR TREATMENT

DAY 3-4

Multiple cell cultures from an individ-
ual sensitive to SK-SD, tetanus, and
mumps antigens were stimulated with
either SK-SD (25 unit/ml), mumps
(1 wl/ml), or tetanus (1 wl/ml), or
left unstimulated. After 48 hours of cul-
ture, BUdR (2.5 X 10—6M) was added
to the appropriate cultures, and 24
hours later all cultures were illuminated
for 1 hour. The process was repeated
during the next 24 hours, so that after
day 4 of culture appropriate cultures
contained BUdR at a final concentra-
tion of 5.0 X 10—6M, and all cultures
had received 2 hours of exposure to
visible light. (This double exposure
over a 48-hour period is routine for

Biviass of duplicate cultures.

these experiments.) Medium contain-
ing both the initial stimulant and ex-
cess BUdR was removed, and all cul-
tures were replenished with medium
containing either no antigen, the
homologous antigen, or one of the
heterologous antigens. Incubation - was
continued, and tritiated thymidine in-
corporation was assayed either on day
7 or day 10. The day 7 assays demon-
strated that the cell cultures were re-
sponding to the initial stimulants and
that the treatment with BUdR and light
eliminated this response. Cultures that
did not receive an initial stimulant but
underwent BUdR-light treatment were
able to respond well to each of the anti-

Table 1. Reciprocal restimulation with three soluble antigens in human leukocyte cultures after
BUdR-light treatment. All cultures were illuminated for a total of 120 minutes. Results are
expressed as mean counts per minute of triplicate cultures.

Se~ondary Day of Radioactivity
BUdR stimulant assay (count/min)
No initial stimulant
No None 7 4,757
Yes None 7 856
Yes None 10 1,216
Yes SK-SD (25 units/ml) 10 123,463
Yes Tetanus (2 ul/ml) 10 32,324
Yes Mumps (2 wxl/ml) 10 16,058
SK-SD {25 units/ ml)
No None 7 101,048
Yes None 7 2,048
Yes None 10 953
Yes SK-SD (25 units/ml) 10 2,937
Yes Tetanus (2 ul/ml) 10 22,410
Yes Mumps (2 ul/ml) 10 13,707
Tetanus (1 wl/ml)
No None 7 68,584
Yes None 7 1,507
Yes None 10 1,241
Yes SK-SD (25 units/ml) 10 177,389
Yes Tetanus (2 ul/ml) 10 1,827
Yes Mumps (2 ul/ml) 10 36,427
Mumps (1 ul/ml)
No None 7 16,009
Yes None 7 429
Yes None 10 356
Yes SK-SD (25 units/ml) 10 58,216
Yes Tetanus (2 ul/ml) 10 41,453
Yes Mumps (2 ul/ml) 10 205
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gens as assayed on day 11. Cell cultures
that initially responded to SK-SD and
underwent BUdR-light treatment, could
no longer respond significantly to SK-
SD but did respond to tetanus and
mumps antigens. Similarly, cultures that
initially responded to tetanus or mumps
and underwent BUdR-light treatment
could no longer respond to the homol-
ogous antigens but did respond to the
heterologous antigen. In each case it is
important to compare the response of
the secondary stimulant with the re-

sponse at day 10 of cultures receiving

an initial stimulant but no secondary
stimulant.

The experiment presented in Table 1,
showing reciprocal restimulation in all
combinations between three soluble
antigens, must be considered as strong
evidence that, at least in part, different
cells are committed to respond to dif-
ferent antigens, that is, the cells are not
totipotent. As seen from the day 7 as-
says, the cells responded to soluble anti-
gens given initially, and BUdR effec-
tively eliminated this response. Such
cultures after BUdR treatment could
no longer respond significantly to the
homologous antigen added at several
concentrations but did respond to
heterologous antigens. In those cultures
that could be restimulated with heter-
ologous antigens the response Wwas
sometimes significantly higher or lower
than the response when that antigen
was added to initially unstimulated cul-
tures but treated with BUdR and light.
Although cross-reactivity between the
antigens, pluripotentiality of cells, or
cell-bound potentiating factors would
explain these findings, other possibilities
exist.

Stimulation of a culture by optimum
or nearly optimum concentrations of
antigen has consistently allowed restim-
ulation by heterologous antigens or
phytohemagglutinin after BUdR treat-
ment. The optimum stimulating dose
of a soluble antigen was determined
by maximum incorporation of tritiated
thymidine on day 7 of culture. We have
made 23 experiments testing reciprocal
restimulation with five different soluble
antigens and several cell donors. In 18
cases the restimulation was reciprocal
(that is, the response to the homologous
antigen is completely eliminated in both
directions, and the cultures could still
respond to the heterologous antigen).
In the other five cases, after the re-
sponse to the homologous antigen was
eliminated, there was restimulation with
the heterologous antigen in one direc-
tion, but no restimulation in the other
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direction. In no case have we found a
culture that, after initially responding
to one antigen and undergoing inacti-
vation with BUdR, could still respond
to the homologous antigen but not to
a heterologous antigen to which the
individual was sensitive.

Our data suggest that cells respond-
ing to soluble antigens in leukocyte cul-
tures have specificity. Although compli-
cated models could be proposed to
invalidate this conclusion, it would
seem very unlikely that responding cells
are totipotent.-Our results do not allow
us to differentiate between a unipotent
cell model and a pluripotent one; how-
ever, they do suggest that there is spe-
cificity in the “thymic” dependent cell
population.

Leukocyte cultures are stimulated by
a variety of substances. The use of
BUdR to specifically kill only those
cells that are synthesizing DNA in re-
sponse to a stimulus should have con-
siderable application in determining if
further functional subpopulations exist
among peripheral blood lymphocytes.
For instance, one can test whether the
cells that respond to nonspecific stimuli
(such as phytochemagglutinin and
pokeweed mitogen) include those cells
that respond to specific stimuli (soluble
antigens). This method should also be
useful in investigating more complex
cross-reacting antigen systems like those
in mixed leukocyte cultures. The fre-
quency of the initial responding unit is
quite high, with minimum estimates in

the range of 1 of 200 to 1 of 50 cells
initially responding to a single allo-
geneic cell stimulus (6). The frequency
of the initial responding unit in cultures
stimulated by soluble antigens is not
known. It will be interesting to deter-
mine whether there remain cells in a
culture which are capable of respond-
ing to a second allogeneic cell stimulus
after all the cells responding to the ini-
tial allogeneic cell stimulus have been
eliminated by BUdR treatment.

Davib C. ZOsCHKE

Fritz H. BacH

Departments of Medical Genetics and
Medicine, University of Wisconsin,
Madison 53706
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Cytotoxicity: Specificity after in vitro Sensitization

Abstract. Animals sensitized in vivo against an allogeneic tissue subsequently
show accelerated rejection specificially of that or antigenically similar tissues.
Lymphocytes sensitized in vitro will destroy target cells isogeneic with the sensi-
tizing cells. Lymphocytes sensitized in vitro can differentiate speczﬁcally between
different allogeneic target cells—as occurs in vivo.

The homograft response can be stud-
ied with in vitro models such as the
mixed leukocyte culture (MLC) sys-
tem (I, 2) in which lymphocytes re-
spond to foreign histocompatibility
antigens on allogeneic cells, and target
cell destruction assays in which aggres-
sor (sensitized) leukocytes destroy al-
logeneic tissue (3). Extrapolation from
in vitro models to the in vivo situation
requires convincing evidence of a sig-
nificant parallelism. We now report on
the homograft response, in particular
the specificity of tissue destruction after
in vivo or in vitro sensitization.

An individual sensitized in vivo will

show accelerated rejection of tissues
from the sensitizing individual or tis-
sues sharing antigens with the sensitiz-
ing tissue. That same individual will

- not, however, reject all grafts in an ac-~

celerated fashion and will not destroy
autologous tissue. Likewise, sensitized
leukocytes from that individual will, in
vitro, preferentially kill target cells
isogeneic to the sensitizing cells (4).
In contrast, several reports suggested
that leukocytes activated in vitro with
a variety of agents—such as phyto-
hemagglutinin, antigens to which the
donor of the lymphocytes is sensitized,
or those in MLC (5)—appear to have
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