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Some models of collaboration between T cells and B cells in antibody production propose
that T cells release an antigen-specific immunoglobulin (Ig) (1-3) which binds to macrophages
resulting in immunogenic presentation of antigen to the receptors on B cells. Evidence presently
exists which supports the contention that T-cell surface IgM-like Ig is cytophilic for macro-
phages whereas that of B cells lacks this property (4-6). If any model of this kind is correct,
it may be possible to inhibit antibody formation to a thymus-dependent antigen by introduc-
ing large quantities of T-cell Ig of an indifferent specificity. The response to an antigen not
requiring T-cell participation should, in contrast, be unaffected by addition of excess T-cell
IgM.

Certain cultured lines of murine Thy-1 (B) antigen-bearing lymphomas produce, display
on their surface, and release Ig (4, 7-9). We report the results of studies designed to determine
whether the Ig produced by such cultured cell lines can suppress the in vitro T-cell-dependent
production of plaque-forming cells (PFC) secreting antibodies to donkey red blood cells
(DRBC). As a control for general cytotoxicity, the T-cell-independent response to dinitro-
phenylated Salmonella adelaide flagellin polymer (DNP-POL) in each culture was measured.

Materials and Methods

Cultured Lymphoma Cell Lines.—Cells derived from murine lymphomas were grown in
continuous stationary suspension culture in Dulbecco’s modified Eagle’s medium plus 10%,
heat-inactivated fetal calf serum (DME-FCS) as described previously (7, 10). The present
work was performed using cells which had been cultured through 300-1,000 successive cell
generations.

The in vitro cloned cell lines $49.1 and WEHI-22.1 have been described previously (7, 10).
Two additional lines, WEHI-7 (BALB/c) and WEHI-112 (NZB) originated in this Institute
as radiation-induced thymic lymphomas (7) and were found to grow well immediately when
cultured under the standard conditions from tumors which had undergone 6-10 serial trans-
plantations. Each was cloned in culture by single cell isolations to yield cell lines designated
WEHI-7.1 and WEHI-112.1. The C57BL leukemia EL-4 was obtained from Dr. J. C. Cerottini
(Swiss Institute for Cancer Research, Lausanne, Switzerland) in 1970 as an ascites tumor, ex-
planted into culture, and a near-tetraploid clone designated EL-4.1 derived by single cell
isolation.

Cytotoxic tests with AKR anti-O C3H serum have shown all these cell lines to possess the
Thy 1.2 cell surface antigen. Culture fluids were prepared free from cells by centrifugation at
1,000 ¢ for 10 min.

Treatment of Culture Fluids.—Globulin concentrates were prepared from DME-FCS in
which cells had been grown and plain culture medium by precipitation with 45%, saturated
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ammonium sulfate at room temperature. The precipitates were resuspended in distilled water
to a volume which was 109 that of the original fluid. These globulin concentrates were dialyzed
against minimum essential medium and sterilized by filtration through Millipore filters before
use in tissue culture.

Immunoadsorbents.—The globulin fraction, prepared by precipitation with 339, saturated
(NH,)2S04 of rabbit antiserum to normal mouse IgG was coupled to Sepharose 4B (Pharmacia
Fine Chemicals, Inc., Uppsala, Sweden) using the cyanogen bromide method as described by
Mannik and Stage (11). Mouse IgG was prepared by zone electrophoresis on starch block
(12) followed by gel filtration on Sephadex G-200 (Pharmacia Fine Chemicals, Inc.). It was
found to lack contaminants as judged by immunoelectrophoresis and polyacrylamide gel
electrophoresis. The rabbit antiserum to this protein contained antibodies directed against
light chains and -y-chains. The immunoadsorbent was shown to be specific for mouse Ig
through the use of radioiodinated IgG and unlabeled IgG to inhibit binding. FCS was coupled
to Sepharose 4B under the same conditions used for rabbit 7y-globulin.

In vitro antibody response.—A modified Marbrook method of tissue culture was used (13).
1.5 X 107 spleen cells from female CBA/H Wehi mice, 6-8-wk old, were cultured for 3 days
at 37°C in the presence of 100 ng DNP-POL (prepared by the method of Feldmann [14]; 2.3
moles DNP/mole of flagellin monomer), and 3 X 10® DRBC. The culture medium was
Eagle’s minimum essential medium with nonessential amine acids, obtained from the Grand
Island Biological Co., Grand Island, N. Y., supplemented with 5%, FCS (C.S.L., Parkville,
Victoria, Australia), and equilibrated with a gas phase of 10%, COs in air.

Cultures were harvested individually, the cells washed once in Eisen’s balanced salt solu-
tion at 4°C, and resuspended in 1 ml HEPES-buffered tissue culture medium containing 10%,
FCS. Direct (i.e., IgM) anti-DRBC and anti-sheep red blood cells (SRBC)PFC were detected
using the Cunningham and Szenberg (15) modification of the Jerne hemolytic plaque tech-
nique. Anti-DNP PFC were enumerated by subtracting the anti-SRBC background PFC
count for each culture from the number of plaques detected in another aliquot of that culture
using SRBC coated with DNP-conjugated rabbit anti-SRBC Fab fragments (16).

RESULTS

Culture fluids in which various Thy 1.2-bearing lymphoma cell lines had
been grown were tested for suppressive effect on in vitro immune responses to
DNP-POL or to DRBC. The lymphoma cell cultures were grown to a concen-
tration of 2 X 10° cells/ml and centrifuged to remove the cells. Undiluted cul-
ture fluids were added to tissue cultures containing spleen cells and the antigens
at the commencement of the culture period. As shown in Table I culture fluid
from the WEHI-22 line caused a marked depression of the response to DRBC
and the WEHI-7 fluid brought about a small, but significant suppression. The
responses to DNP were not suppressed by addition of any of the test fluids.
The results obtained with culture fluid from WEHI-22 were confirmed in a
separate experiment in which the culture fluid was diluted serially with tissue
culture medium. 94 % inhibition was obtained using undiluted culture fluid but
suppression was not observed at dilutions of 1:5 or higher.

In an attempt to prepare material of higher suppressive activity, the globulin
fraction from WEHI-7, plain medium, WEHI-22, and $49 was concentrated
10-fold by precipitation with 45% saturated ammonium sulfate. Only the
WEHI-22 concentrate efficiently suppressed the response to DRBC; no sup-
pressive effect was obtained on PFC to DNP. Fig. 1 depicts a titration curve
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TABLE 1

Effect of Lymphoma Cell Line Culture Fluids on Thymus-Dependent (DRBC) and Thymus-
Independent (DN P) Responses In Vitro

Culture fluid A e paponset Anti-DRBC response (PFC/culture)
WEHI-22.1 233 + 43 190 =+ 36
Plain medium 233 + 35 630 & 152
EL-4.1 245 + 32 570 & 75
WEHI-7.1 218 + 43 380 & 76
WEHI-112.1 377 + 64 796 =+ 87
S49.1 437 £ 79 1,020 + 142

* All immune response results are the mean values from four replicate cultures 4SE
of the mean. 5]
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Fic. 1. Effect of different amounts of WEHI-22 culture fluid concentrate on immune
responses in vitro. Closed circles anti-DNP PFC, open circles anti-DRBC PFC.

illustrating the effect of various amounts of concentrated WEHI-22 supernate
on the PFC responses to DRBC and DNP. Almost complete inhibition of the
response to DRBC was observed when 200 ul of WEHI-22 concentrate were
added to the culture, but no effect on anti-DNP PFC was found.
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That the inhibitory effect was due to the presence of Ig in the WEHI-22
globulin concentrate, was demonstrated in the following experiment. Equal
aliquots of WEHI-22 globulin concentrate were treated, under identical condi-
tions, with rabbit antiserum to mouse Ig bound to Sepharose (RAMIG-S) or FCS
bound to Sepharose (FCS-S). As shown in Table II, treatment with antiserum
to mouse Ig specifically removed the inhibitory capacity of the WEHI-22
concentrate.

DISCUSSION

It was found that Ig present in the culture fluid in which the thymus-derived
lymphoma cell line WEHI-22 had been grown, suppressed the in vitro T-cell-
dependent response of CBA spleen lymphocytes to DRBC. On the other hand,
no suppressive effect was exerted on the response to DNP-POL which has been
shown (17) to be independent of macrophages and T cells. Culture fluids from
the other tumor lines tested here did not give uniform suppression of T-cell-
dependent responses in vitro. The interpretation of the suppressive effect of
WEHI-22 Ig which we favor, is that it binds to macrophages and competes for
sites on these cells against antigen-specific T-cell Ig required for induction of B
cells. The possibility of some other effect on macrophages or an effect on T
cells themselves cannot, however, be excluded on the basis of the present data.

In these experiments, WEHI-22 Ig was present throughout the course of the
induction of immunity in vitro. If, however, CBA T cells were first activated to
erythrocyte antigens by transfer into lethally irradiated animals in the pres-
ence of antigen and poly(A:U) adjuvant, even the most concentrated WEHI-22
culture fluid failed to inhibit a cell cooperation-dependent response in vitro
(Stocker and Marchalonis, unpublished observation). This result reflects the
probability that the activated T-cell population is enriched in specific helper
cells, each of which might release large quantities of specific T-cell collabora-
tive Ig.

Another point which merits comment is the fact that WEHI-22 is of BALB/c

TABLE II
Effect of Treatment of WEHI-22 Culture Fluid Concenirate with Immunoadsorbent
Volume of treated Anti-DNP Anti-DRB
supgr::tl.g ger x-cel‘:‘lture Adsorbent Ei’FC/cuigfx‘::;lse t(lPF C/c(&l{:ﬁg)onse
ml

0 — 2707+ St 855 + 124
0.05 FCS-S 293"+ 52 793 £ 74
0.1 FCS-S 238*+ 63 685 + 118
0.3 FCS-S 270\ + 49 83 + 27
0.05 RAMIG-S 258"+ 48 758 + 147
Q.l RAMIG-S 2183+ 42 803 + 103
0.3 RAMIG-S 3051+ 33 738 + 108
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origin whereas the spleen cells used in the test were from CBA mice. Thus, the
effect of WEHI-22 Ig acts across an H-2 difference. If our interpretation of the
inhibitory mechanism is correct, it indicates that the reported requirement for
H-2 compatibility between collaborating cells (18) operates at some stage
other than the binding of T-cell Ig to the macrophage.

Preliminary evidence exists that some of the other cell lines tested here,
WEHI-7, WEHI-112, and S49 (D. Haustein, J. J. Marchalonis, and A. W,
Harris, unpublished observations), synthesize Ig. The failure of these to inhibit
the response to DRBC might be accounted for by the actual quantity of Ig
present in the medium, which is a function of rate of release from the cells and
rate of degradation. It has recently been found independently by others (19)
that Ig from the thymus-derived tumor line EL-4 inhibits T-B cooperation in
vitro, although our particular variety of EL-4 was inactive by our tests. These
studies offer indirect evidence for T-cell Ig export models of T-B collaboration
and indicate that clonal cultured lines of lymphoma cells are useful experi-
mental tools in the study of T-cell Ig.

An interesting possibility raised by these findings is that the anergy commonly
associated with certain human lymphoid neoplasms is caused by the same
phenomenon operating in vivo. Measurements of T-cell-dependent and inde-
pendent responses in tumor-bearing patients or experimental animals would
provide a test of such a proposal.

SUMMARY

Concentrated medium obtained from cultures of a continuous thymus-
derived mouse lymphoma cell line (WEHI-22.1) was found to inhibit a T-cell-
dependent (antidonkey red blood cell), but not a T-cell-independent (anti-
DNP) immune response in vitro. Passage of such a concentrate through an
antli-mouse Ig immunoadsorbent column removed its inhibitory activity. It is
suggested that the tumor cell Ig can compete with specific normal T-cell Ig
in its collaborative function in immune responses. A similar mechanism may
account for anergy associated with some human lymphoid neoplasms.

We thank Ms. Elizabeth Anderson for her expert technical assistance.
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