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Functional Maturation of Mouse Thymus Cells (39626)
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Details of the functional development of
each of the various lymphoid cells involved
in immunological reactions is needed for
understanding the events controlling the on-
set of immunological competence in an ani-
mal. It is only recently that immunologists
have concentrated their efforts at establish-
ing the ontogenic pattern of emergence of
structural and functional parameters of im-
munocompetent lymphoid cell populations
(1-7).

Regarding mouse thymus cell maturation,
it has been shown that the maximal respon-
siveness of thymus cells to different mito-
gens arises at different stages of ontogeny
(2, 8-10). Thymus-specific antigens can be
detected on thymus cells beginning at Day
16 of development (11), i.e., as soon as
there are detectable thymic small lympho-
cytes; on the other hand the ability of thy-
mus cells to cause a graft-versus-host reac-
tion arises several days later, around the
time of birth (12, 13). Using an in vivo
reconstitution technique, Chiscon and Go-
lub (14) demonstrated thymus helper cell
function in the immune response to sheep
erythrocytes 24 hr prior to birth whereas
Claman et al. (15) found such activity only 6
days after birth.

The present study was designed to deter-
mine the onset of the capacity of murine
thymus cells to show helper function in the
response to sheep erythrocytes (SRBC) us-
ing entirely in vitro methods. Thymus cells
directly from thymus usually cannot provide
the helper function in vitro unless activated
with antigen in irradiated host (16) or mito-
gen in vitro (17). Treatment with mitogenic
lectin concanavalin A (con A) was em-
ployed for our purpose. The study demon-
strates that, as early as the sixteenth day of
embryonic development, the thymus con-
tains cells that can readily be activated in
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vitro to function as helper cells in the hu-
moral immune response. The effect of con
A on the expression of thymus cell surface
antigens has also been reported in this pa-
per.

Materials and methods. BDF, adult male
mice and BDF, embryos (C57B1/6 X DBA/
2) from time pregnancies from our colony
have been used in this study. Thymus cells,
3 X 10% per petri dish (No. 3001, Falcon
Plastic, Calif.), were pretreated with 5 ug of
concanavalin A per ml (3X crystallized;
Miles Laboratories, Inc., Elkhart, Ind.) for
24 hr at 37° in a humidified atmosphere of
5% CO, and 95% air. Minimum Essential
Medium (Microbiological Associates, Be-
thesda, Md.), which had been supplemented
with 10% heat-inactivated fetal bovine se-
rum (Colorado Serum Co., Denver), gluta-
mine, and antibiotics, was used for thymus
cell culture. After two washes, 3 X 10° con
A-treated or -nontreated thymus cells were
combined with 5 X 10% bone marrow-de-
rived B spleen cells. The B spleen cells were
obtained from adult thymectomized mice X-
irradiated with 850 R and reconstituted with
syngeneic bone marrow. The combined cell
suspension was cultured with about 1.2 X
107 SRBC (GIBCO, Madison, Wis.) as anti-
gen for 4 days as described by Click and co-
workers (18). Antibody-forming cells were
assayed according to the method of Cun-
ningham and Szenberg (19).

The relative difference in the expression
of § and H-2 antigens was measured by
determining the amount of radioactivity re-
leased from Cr>'-labeled thymocytes ex-
posed to anti-6 or anti-H-2 sera in the pres-
ence of complement; the dilution of anti-6
and anti-H-2 sera were such that the sera
killed about 50% of adult thymus and bone
marrow cells, respectively. The anti-0 serum
was raised in AKR mice by repeated injec-
tions of thymus cells from C3H mice. To
raise the anti-H-2 serum, CBA (H-2¥) mice
were repeatedly injected with BDF, (H-
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20d) spleen cells. The percentage of cyto-
toxicity was calculated as:

Mean counts per minute of experimental
release — Mean counts per minute of
spontaneous release

Mean counts per minute of maximum
release — Mean counts per minute of
spontaneous release
X 100.

Spontaneous release was defined as the
level of Cr® released in the presence of
normal mouse serum and complement.
Maximum release was obtained by rapidly
freeze-thawing the labeled cells three times.

Results. The pattern of in vitro collabora-
tion between B spleen cells and con A-
treated and -nontreated thymus cells from
adult and newborn mice is presented in Fig.
1. Only con A-treated thymus cells provided
the helper function in vitro; other cell types,
such as bone marrow (BM) cells, could not
provide this function even after treated with
con A. Using this in vitro technique of col-
laboration, it has been shown that mouse
thymus cells, as early as the sixteenth day of
embryonic life, develop the functional po-
tential to collaborate with B spleen cells in
mounting an antibody response against
SRBC (Table 1). However, this potentiality
of thymocytes could only be revealed by
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triggering them with con A. With an in-
crease in age, the collaborating ability of
embryonic thymus cells increases. The re-
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FiG. 1. In vitro collaboration between bone mar-
row-derived spleen (B) cells and con A-treated adult
(ADT) or newborn (NBT) thymus cells, as measured
by the number of plaque-forming cells (PFC) per cul-
ture. Each culture contains 5 X 10% B cells and 3 X 108
thymus or bone marrow (BM) cells with or without con
A pretreatment for 24 hr, and each culture is immu-
nized with about 1.2 x 107 SRBC. The PFC response
of 5 X 10% B cells is the background response. Five
experiments were performed with adult and newborn
thymus cells and three experiments with bone marrow
cells, each experiment consisting of five replicate cul-
tures in each category; B-cell controls were maintained
with each experiment.

TABLE 1. AiLity oF THYMOCYTES FROM DIFFERENT STAGES OF ONTOGENY TO0 COLLABORATE WITH ADULT B
SPLEEN CELLS in Vitro.®

Mean PFC/cul{afg‘;rérngumber of culture)

Types of T cells added to B spleen

cells Without Con A With Con A pe

Adult 612 + 52 2735 * 446 <0.01
(15) (14)

Newborn 520 = 133 1644 = 354¢ <0.05
() (10)

18-Day embryonic 96 = 32 2466 = 466 <0.01
(13) (1s)

17-Day embryonic 117 + 34 1726 = 212 <0.01
(20) (19)

16-Day embryonic 170 = 54 1087 = 137 <0.01
8) (14)

15-Day embryonic 167 = 88 584 + 300 >0.01
(5) (%)

B spleen cells (backeround) ron

703 +~ 77
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sponse of 18-day-old embryonic thymus
cells was almost identical with that of adult
thymus cells.

After con A treatment of thymus cells,
the percentage of cytotoxicity with anti-9
serum decreased and a corresponding in-
crease in the percentage of cytotoxicity with
anti-H-2 serum was observed; in contrast to
its effect on thymus cells, con A caused no
detectable change in surface antigens of
bone marrow cells (Fig. 2).

Discussion. The present investigation
demonstrates that thymocytes obtained
from mouse embryos can exert demonstra-
ble helper cell activity in an ir vitro antibody
response when they are activated by 24 hr of
incubation with con A; indeed, as soon as
small lymphocytes appear in the thymus,
around the sixteenth day of gestation, they
appear to have the potential for this immu-
nological activity. The collaborative ability
of embryonic thymocytes increased rapidly,
reaching adult levels before birth. This in-
crease appears correlated with the relative
proportion of small lymphocytes found in
the developing thymus (20) which also cor-
relates with the relative efficiency with
which con A and phytohemagglutinin in-
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Fic. 2. Effect of con A on # and H-2 antigen
expression on adult thymocytes and bone marrow cells,
as measured in terms of the susceptibility of con A-
treated and -nontreated cells to the specific antiserum.
This figure is representative of one experiment consist-
ing of triplicate values per point. Similar results were
obtained in four other experiments using the same type
of antisera and in three experiments using antisera
raised in congenic mice (latter experiments will be
reported somewhere else).
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duce thymidine incorporation by embryonic
thymus cells (10).

There may be several reasons for our abil-
ity to demonstrate immunocompetence of
thymus cells during embryonic life. An in
vitro test system, like ours, in contrast to the
studies cited above (14, 15), does not en-
counter some of the difficulties of the in vivo
reconstitution technique, such as the prob-
lem of the seeding efficiency of injected cells
or the possibility of the functional potency
of the cells being masked in vivo by one or
more host factors.

In the present investigation, thymus was
used instead of spleen as the source of thy-
mocytes. Thus, our results are not in con-
trast with those of Spear and Edelman (5)
who have shown that con A-responsive T
cells and T-cell helper function could not be
detected in the spleen cells from 1-day-old
mice.

That the nature of con A activation is
meaningful in terms of the development of
immunocompetence of thymus cells is sug-
gested by several ancillary findings. (i) Con
A bound to bone marrow cells rather than
to thymus cells cannot substitute for thymus
cells in an antibody response (see Fig. 1).
(ii) Con A bound to thymus cells does not
immediately activate those cells; rather the
activation occurs over a 24-hr period (17)
(unpublished observation). (iii) It is consid-
ered that con A-mediated stimulation of T
lymphocytes closely resembles lymphocyte
activation by specific antigen in morpho-
logic as well as in certain functional aspects
(21). (iv) The shift in the percentage of
cytotoxicity with a specific antiserum (see
Fig. 2) may reflect on the different degree of
expression of the specific antigen on the con
A-treated T-cell surface. The possibility of
the selection of T cells with a lower amount
of @ and a higher amount of H-2 by cell
death seems unlikely. Even if con A were to
select the variety of cortisone resistant func-
tional thymocytes having a lower amount of
6 and a higher amount of H-2, these nor-
mally constitute only about 5% of the total
thymocytes in a thymus, and, hence, do not
account for 30% to more than 60% recov-
ery of thymus cells in different experiments
after 24 hr of con A treatment (unpublished
observation). It is then possible that incuba-
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tion with con A caused a decrease in the
expression of # antigen and a corresponding
increase in the expression of H-2 antigen.
This type of shift in surface antigens (high to
low 8; low to high H-2) is known to occur
during the final steps of thymus cell matura-
tion (22). (v) As soon as the embryonic
thymus cells can be activated for helper
function in vitro (see Table 1), the con A-
induced shift in the expression of these cell
surface antigens can also be detected (to be
published).

As helper function of thymus cells treated
with con A is the main concern of this study,
we are not going into a detailed discussion
of con A-induced inhibitory T cells.

The early detection of mouse thymus cell
helper function in an antibody response
tends to argue against a requirement for an
extended period in ontogeny during which a
somatic process of generation of immuno-
logical diversity takes place. On the other
hand, the results presented in this paper
possibly provide some support for the dis-
covery that antigen-binding cells can be de-
tected early in the development of mouse
thymus (3). However, as there are evi-
dences of cross-specificities of T-cel hu-
moral factor, only further experimentation
showing the antigen specificity of con A-
treated helper T cells will provide clarity in
the argument against somatic process of
generation of immunological diversity.

Taken together with the finding of early
differentiation of cells from the embryonic
liver and yolk sac to perform various func-
tions associated with cell mediated immu-
nity (23, 24), it seems clear that we can no
longer think of young mammalian embryos
as immunologically inert.

Summary. Ontogeny of thymus cell func-
tion in humoral antibody response was stud-
ied in vitro using cells from different embry-
onic stages and neonates of BDF, mice. As
early as the sixteenth day of embryonic de-
velopment, the thymus contained cells that
were readily activated in vitro by con A to
function as helper cells in an antibody re-
sponse against sheep erythrocytes. The
helper function of embryonic thymocytes in-
creased rapidly, reaching adult levels before
birth. It has also been shown that con A-
treated thymus cells are less susceptible to
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anti-@ serum and correspondingly more sus-
ceptible to anti-H-2 serum; the implication
of this finding in thymus cell maturation has
been discussed.
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