Theta-Bearing and Complement-Receptor Lymphocytes
Are Distinct Populations of Cells

Abstract. In the mouse, most (or all) complement-receptor lymphocytes and
theta-bearing lymphocytes are part of nonoverlapping populations of cells. This
finding validates the use of these membrane markers to characterize popula-
tions of lymphocytes. In addition, it is probable that, although receptors for
complement and membrane-bound immunoglobulins coexist on the same lymphoid

cells, these markers are located at separate sites on the membrane.

Lymphocytes do not constitute a
functionally homogeneous population
of cells. The identification of membrane
characteristics of lymphocytes (I) has
allowed for their separation into distinct
subpopulations. Some distinct markers
have been described on the membrane
of the mouse lymphocyte: the 6 antigen
(2, 3), the receptors for a modified com-
plement component (C3) (4, 5) and the
membrane-bound immunoglobulins (Ig)
(5-7). [The last two markers have been
found so far in all mammalian species
tested (5, 8).] In examining the relation
between the cell populations bearing
these three markers, two questions were
asked: (i) Are C3-receptor lymphocytes
(CRL) and 6§-bearing lymphocytes dif-
ferent populations of cells and (ii) What
is the relation between the C3 receptor
found on the membrane of certain lym-
phocytes and the Ig molecules which
they also display on their surface? We
now report that most (or all) CRL and
0-bearing lymphocytes are part of non-

overlapping populations of cells and also
that the C3 receptor and membrane-
bound Ig, though present on the same
cells, are probably located at distinct
membrane sites.

The fact that CRL and 6-bearing
lymphocytes are independent of each
other was established by specifically
depleting either cell population and
measuring the resulting variation in the
distribution of the markers among the
remaining cells. For instance, if CRL

and @-bearing lymphocytes were part’

of separate populations of cells, the de-
pletion of CRL should be accompanied
by a predictable increase in the propor-
tion of #-bearing cells, and vice versa.
The method for specific depletion of
CRL has been described (5) and is based
on the ability of CRL to bind sheep
erythrocytes (E) sensitized by rabbit
antibody to Forssman antigen (A) and
complement (C). The interaction be-
tween CRL and EAC leads to the for-
mation of clusters. As these CRL-con-

Table 1. Enrichment of g-bearing cells in populations of spleen cells from AKR mice after
depletion of CRL. Mouse spleen cells were mixed with E (nondepleted) or EAC (depleted)
and incubated as for the standard assay. Clusters formed only in the tube containing EAC.
Both preparations were ultracentrifuged in separate BSA density gradients, after which
only free lymphocytes remained in the supernatants. The data represent means of three experi-
ments.

Cell recovery after Remaining population

ultracentrifugation

Cells ;
CRL ¢-Bearing cells
(% =S.E.) (% =+ SE.) (% =+ S.E.)
Nondepleted 88.1 = 4.1 33.8 4.1 14.3 == 1.0%*
Depleted 61.3 =5.0 4.3 =09 22.8 + 0.8%
(21.6)F

#* The difference between these results is significant, P < .01, Student’s t-test. T Percentage ex-
pected if CRL and #-bearing lymphocytes are part of distinct and nonoverlapping cell populations.

Table 2. Enrichment of CRL in populatio’ns of lymph node cells of AKR mice after deple-
tion of g-bearing cells.

CRL in
Cell recovery after o,
Treatment of lymphocytes C;Hi_ lgs}gd elimination of dead remaining
(% = S.E) cells (% = S.E.) population
(% = S.E.)
Normal C3H serum and C (control) 3404 84.3 + 6.0 10.9 = 5.6%
C3H antiserum to § (AKR) and C 429+13 49,9 = 3.3 24.7 = 1.0*
(22.3)%

* The difference between these results is significant, P < .05, Student’s r-test. 1 Percentage expected
if CRL and ¢-bearing cells are part of distinct and nonoverlapping cell populations,
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taining clusters have a higher density
than free lymphocytes, they can be sep-
arated by differential flotation in a dis-
continuous bovine serum albumin (BSA)
gradient (9). The average results of
three experiments in which the percent-
age of #-bearing cells determined by cy-
totoxic tests (10) was measured among
CRL-depleted and nondepleted cells iso-
lated from the spleens of AKR mice is
shown in Table 1. The percentage of
#-bearing cells increased significantly in
the depleted preparation, and the values
obtained were quite close to those theo-
retically expected, assuming that no
f-bearing cells were eliminated by the
procedure. It is important to point out
that the recovery of cells after depletion
was very high (nonspecific cell losses
about 10 percent).

The reverse experiment, that is, de-
pletion of §-bearing cells, was performed
as follows. A suspension of lymphocytes
isolated from the peripheral lymph
nodes of AKR mice (0.5 ml of 4 X 107
cell/ml) was incubated with an optimum
amount of antiserum to 6 (0.2 ml) and
guinea pig complement (0.8 ml) for 45
minutes at 37°C. A sample was then
counted and tested for trypan-blue ex-
clusion. The remaining suspension was
then layered on the top of a BSA dis-
continuous gradient and submitted to
ultracentrifugation (9). After centrifu-
gation, most of the nonviable cells were
found in the pellet. The supernatant con-
taining 98 percent or more viable cells
was collected and diluted four times
with culture medium RPMI 1640; the
cells were further washed by centrifu-
gation at 200¢ for 10 minutes. Non-
specific cell losses after ultracentrifuga-
tion were about 15 percent. The pro-
portion of CRL was significantly higher
in the depleted population, and the rela-
tive increase in their concentration was
close to that expected if no CRL had
been lysed by the antiserum to € in
the presence of complement (Table 2)
1.

Thus most or all #-bearing lympho-
cytes and CRL are part of independent
cell populations. We had shown by a
similar procedure that C3 receptors and
Ig may coexist on the membrane of the
same population of cells (5). This find-
ing raised the possibility that the mem-
brane-bound Ig might actually be the
C3 receptor itself. However, the follow-
ing experiments showing that antibodies
to Ig do not interfere with the function
of the C3 receptor on the membrane of
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CRL render this hypothesis unlikely.
The F(ab’), fragments of rabbit anti-
serum against mouse Ig (5) were pre-
pared as indicated in (Z2). This anti-
serum contained antibodies directed
against heavy chains and light chains
of mouse Ig. The IgG fraction of this
antiserum was capable of lysing a
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Fig. 1. (a) Cytotoxic activity of the IgG
fraction of a rabbit antiserum to mouse
Ig (fraction I) on mouse spleen cells.
(b) Inhibition of the cytotoxic activity
mediated by fraction I referred to above
(2 mg/ml) by prior treatment of the
spleen cells with F(ab’). fragments of the
same fraction (control tubes contain
fragments of normal IgG). (¢) Lack of
inhibitory activity of F(ab’). of rabbit
antiserum to mouse Ig (4 mg/ml) on
rosette formation between EAC and CRL.
The test samples of EAC were prepared
with three dilutions of fresh mouse serum
(1/15, 1/30, and 1/60).
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maximum of 20 percent of mouse spleen
cells when incubated for 45 minutes at
37°C in the presence of complement
(Fig. 1a). However, if these spleen cells
were first treated with the F(ab’), frag-
ments of the same IgG fraction and
washed twice, they were no longer vul-
nerable to the lytic action of native IgG
and guinea pig complement (Fig. 1b).
This indicates that the F(ab’), fragments
interacted with the membrane-bound
Ig. A relatively high concentration of
F(ab’), fragments, however, did not in-
hibit the binding of EAC to CRL (Fig.
1¢). This last experiment was performed
with EAC displaying relatively few C3
sites on their membranes to enable
easier detection of an eventual inhibi-
tory effect (13).

Our results along with those of others
(3, 5, 14) validate the use of certain
membrane markers for the characteri-
zation of lymphocyte populations and
for studying cellular events of the im-
mune response. The # marker appears
to be restricted to thymus or thymus-
derived (T) lymphocytes, and mem-
brane-bound Ig as well as the C3 re-
ceptor are found on bone marrow—de-
rived, thymus-independent (B) lympho-
cytes. The membrane characteristics of
CRL have been confirmed in our labor-
atory. A method has been devised to
specifically isolate CRL from a mixed
population of lymphoid cells, with good
yields (15 to 30 percent) and a high de-
gree of purity (above 90 percent). More
than 90 percent of cells from this iso-
lated population had Ig on their mem-
branes, and none could be found to
bear the ¢ marker, as indicated by the
results of cytotoxic tests with specific
antiserums (75).

The percentages of CRL (B) and 4-
bearing (T) lymphocytes found in pe-
ripheral lymph nodes of mice add up
to only about 70 to 80 percent (7/6). In
the spleen this total is somewhat lower,
but in the mouse this organ contains
large numbers of hemopoietic cells. At
least two hypotheses can be proposed
to explain these findings: (i) It is pos-
sible that a third population of lymphoid
cells, distinct from B or T as defined
by the markers discussed above, may be
present in lymphoid organs of mice. (ii)
Alternatively, subpopulations of B or
T cells may have fewer C3 receptors or
 sites on their membranes, and for this
reason would not be detected by the
commonly used assays. It is known that
the lymphocyte membrane may suffer

quantitative and qualitative modifica-
tions during its differentiation. For ex-
ample, T cells in peripheral lymphoid
organs of the mouse do not display the
TL antigen on their membranes [in TL+
strains of mice (7)] and have less § an-
tigen than the thymocytes from which
they originated (17). Also, it appears
that some plasma cells, although deriv-
ing from bone marrow precursors, have
new membrane antigens (/8) while lack-
ing membrane-bound Ig (/9) and C3
receptors (5).
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Density Gradient Separation of Marrow Precursor Cells
Restricted for Antibody Specificity

Abstract.

Potentially immunocompetent cells of (C57BL/6 X DBA/2)F,

mouse bone marrow are committed to antigenic determinants of sheep or burro
erythrocytes prior to interaction with thymus-derived cells and participation in
immune responses to administered antigens. At this stage of differentiation
marrow cells of this particular mouse strain are not yet restricted for the im-
munoglobulin M or immunoglobulin G antibody class. By equilibrium centrifu-
gation in discontinuous gradients of bovine serum albumin, precursors of cells
that produce antibody to sheep erythrocytes migrate to denser regions, whereas
the precursors of immunocytes that produce antibody to burro erythrocytes

remain in the lower density regions.

Recent evidence suggests that primi-
tive precursors of antibody-forming
cells, which are marrow derived in
mice, are predetermined for the spec-
ificity of antibody to be synthesized
by descendant immunocytes (/). This
evidence was obtained by specifically
paralyzing or sensitizing marrow-de-
rived cells before interaction with
thymus-derived and macrophage-like
accessory cells. In addition, the popu-

lation of marrow precursors undergoes -

long-term changes on exposure to
antigens that specifically enhance im-
munological competence, while termi-
nal differentiation and maturation re-
main dependent on accessory cells
(2). Thus, the role of cellular inter-
actions is not likely to be the transfer
of information for antibody specificity
from thymic cells to precursors of im-
munocytes, and marrow-derived cells
could be the carriers of immunological
memory.

In most mouse strains, marrow cells
are predetermined also for the molec-
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ular class of descendant immunocytes,
as demonstrated by limiting dilution
analysis (3) and, more directly, by
physical separation of unipotent cells
(4). The only known exception occurs
in (C57BL/6 X DBA/2)F,; mice whose
marrow cells are pluripotent, according
to limiting dilution experiments, for
hemolytic antibodies to sheep erythro-
cytes (SRBC) which are of the IgM
and IgG classes (3). We now present
direct evidence confirming the lack of
class restriction of (C57BL/6 X DBA/
2)F; marrow cells engaged in immune
responses to SRBC (anti-sheep) and
extending the finding to cells engaged
in responses to burro erythrocytes
(BRBC) (anti-burro). In addition, a
second property of these cells is de-
scribed, namely, the restriction for
specificity of antibodies.

Bone marrow cells, harvested from
the long bones of 12-week-old female
mice, were suspended in Eagle’s me-
dium and subjected to equilibrium cen-
trifugation in a discontinuous gradient

of 17 to 35 percent bovine serum al-
bumin (BSA), according to the meth-
od of Dicke et al. (5), as described
earlier (4). Ten cell fractions were
collected from the interphases begin-
ning at the top between 17 and 19
percent BSA. The fractions were di-
luted in Ca- and Mg-free phosphate-
buffered (pH 7.2) saline (PBS),
washed once by centrifugation, and
resuspended in PBS. Nucleated cells
were counted with an electronic particle
counter (6). Density distributions of
nucleated cells have been described
(4). The profiles were reproducible
and displayed a major peak in the
denser region of the gradient (29 to
35 percent BSA). Recovery of nu-
cleated cells after centrifugation ranged
from 65 percent to 73 percent of input
in the three experiments described be-
low.

To test for potentially immuno-
competent cells, each marrow fraction
was added to an equal volume of
thymocyte suspensions, and the mix-
tures were transplanted by way of the
tail vein into each mouse of several
groups of syngeneic female mice that
were heavily irradiated (7). Each
group contained 10 to 20 animals,
and each inoculum contained a limit-
ing number of 2.5 X 105 bone marrow
cells (fractionated or not) and an ex-
cess number of 4 X 107 thymocytes
(8). Eighteen hours after transplanta-
tion, one-half of the recipients received
an intravenous injection of 5 X 108
washed SRBC, and the other half
received 5 X 108 washed BRBC. Di-
rect (IgM) and indirect (IgG) plaque-
forming cells (PFC) releasing hemo-
lytic antibody were enumerated in cell
suspensions of recipient spleens 9 days
after transplantation by the agarose-slide
technique (9). Spleen cells of recipients
immunized against SRBC were assayed
for anti-sheep PFC, and those of recip-
ients immunized against BRBC for anti-
burro PFC. Animals were classified as
“positive” or “negative,” depending on
whether their spleens contained PFC in
numbers greater than or equal to those
of controls. Negative controls were ir-
radiated mice inoculated with marrow
cells and thymocytes but not with SRBC
or BRBC, and mice inoculated with
marrow cells (fractionated or not) and
antigens but not with thymocytes. The
numbers of PFC in spleens of these
controls did not exceed 200 direct and
100 indirect. In positive spleens, the
numbers of PFC ranged from 200 to
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