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Initiation of immune responses may require interactions among several differ-
ent cell types (1-3), and subsequent regulation of these responses has been
shown to involve both helper and suppressor effects exerted by subpopulations
distinct from effector cells (4) . Whether helper and suppressor cells themselves
comprise separate subpopulations is a matter of contention, with conflicting
interpretations being derived from results in different experimental systems (5-
7) . We have previously reported that the proliferative response of sensitized rat
lymph node cells stimulated with phytohemagglutinin (PHA) is suppressed by
simultaneous stimulation with specific antigen in culture and that fractionation
of sensitized lymph node cells on discontinuous bovine serum albumin (BSA)
gradients results in the apparent separation ofhelper and suppressor subpopula-
tions (8, 9) . Here we report results obtained by recombining varying numbers of
low density cells, which are enriched for antigen-sensitized cells (10) with high
density cells, which respond preferentially to PHA . The magnitude of the
proliferative response, i.e ., the occurrence of potentiation or suppression, ap-
pears to depend on the ratio of the interacting cell types.

Materials and Methods
Sensitization and BSA Gradient Separation .

	

Details of all techniques used here are given in
(8, 10). Briefly, 5-to-8-wk old DA rats received 100 wg ovalbumin (OA, 5 times crystalline,
Nutritional Biochemicals, Cleveland, Ohio) in 0.1 ml complete Freund's adjuvant in each hind foot
pad. Inguinal lymph node cells (LNC) were harvested at 9 days, washed once in cold, sterile RPMI
1640 containing penicillin and streptomycin (Associated Biomedics Systems, Inc., Buffalo, N.Y .)
and separated by differential flotation on discontinuous BSA gradients (lot 126, Miles Laborato-
ries, Kankakee, Ill.), 10, 20, 24, 27, and 30% BSA in RPMI . Fractions A, B, C, D, and a pellet were
obtained as discrete bands at the BSA interfaces, in order of increasing density, and washed three
times, Aand Bbeing combined in the experiments reported here . Cells defined as macrophages by
their ability to take up neutral red were confined to but made up less than 3% of the A + B
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fraction . Viability assessed by trypan blue dye exclusion wasalways < 90%except for the pellet (>
80% viable).

Macrophages. Macrophages were strongly adherent cells, prepared from normal DA rat
peritoneal cells after culture for 48 h in plastic petri dishes (8) in the presence of 10% normal DA
rat serum. These contained > 95% macrophages, as assessed by their ability to phagocytize
formalinized sheep red blood cells .

Lymphocyte Cultures .

	

Cultures in microtiter plates (0 .075 ml/well) (8) contained 5 x 10 5 Dcells
alone or in combination with varying numbers of A + B cells, C cells or macrophages, PHA-P
(Difco Laboratories, Inc., Detroit, Mich .) at optimum stimulatory concentration (1 .5 IA1/ml), 8%
heat-inactivated normal DA rat serum and RPMI . In some experiments carrageenan (Sea Kem 9
Carrageenan, purified powder, Marine Colloids, Inc., Springfield, N .J .) was included at a final
concentration of 1 mg/ml. After 48 h cultures were pulsed with I WCi [3H]thymidine (NET-027A,
spec act 0.2 Ci/mmol, New England Nuclear, Boston, Mass .), harvested 18-24 h later, and
processed for counting (8) . All values shown in figures and tables represent peak responses of
stimulated cultures minus background (0 cpm) averaged from counts of duplicate cultures .

Results
In a series of experiments in which low density (A + B) cells were recombined

with 5 x 10 5 high density (D) cells in varying ratios, two findings became
apparent (Table 1, Fig . 1) . With 1, 2, or 5 x 105 A + B cells there was frequently
potentiation of the total response by as much as 10-fold . With lower numbers of
cells, down to 4 x 103 , there was almost complete suppression . Finally, at 8 x 102
A + B cells there was no effect . Neither striking potentiation nor suppression
was seen in cultures to which macrophages were added at a concentration (2%)
which approximated that in unfractionated lymph node cells . Furthermore,
carrageenan, at a concentration shown to destroy peritoneal macrophage mono-
layers completely (unpublished data), did not influence the degree of either
potentiation or suppression (exp . 5) .

Since A + B cells give a relatively modest response to PHA, the responses of
recombined fractions A + B and D would theoretically approximate the response
of D cells alone . Departure of the actual responses from this theoretical summa-
tion is shown for exp . 6 in Fig . 2 . When varying numbers of cells of intermediate
density (C), which respond well to PHA, were recombined with D cells in the
same experiment, the combined cultures gave predictably high responses, with
slight synergy and no suppression .

Discussion
The findings presented here indicate that low density cells, in large numbers,

potentiate the response of high density cells and, in low numbers, completely
suppress it . This apparently paradoxical result resembles that of Haskill and
Axelrad, which showed that large cells obtained by velocity sedimentation of
sheep red blood cell-primed mouse spleen cells suppressed the small lymphocyte
plaque-forming cell response when added in small numbers but failed to sup-
press in larger numbers (11) . Similarly, Kontiainen and Feldman have recently
demonstrated that specific carrier-primed suppressor cells generated in vitro
suppressed plaques to DNP in small numbers but did so less well when added in
excess (12) . These results are clearly incompatible with the concept of suppres-
sion as a result of "too much help" and support Dutton's evidence against such a
possibility (5) .
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TABLE I

Summary ofExperiments with Fractions ofSensitized Lymph Node Cells Cultured with
Phytohemagglutinin

' Optimal concentration = 1.5 pd/ml.
$ Same cell pool as in exp. 4 with carrageenan at 1 mg/ml.
§ Purified from normal peritoneal cells .

A+ B CELLS ADDED TO 5005 D CELLS (LOG IO)

FIG. 1 .

	

Summary of data from six experiments showing the effect of recombining varying
numbers of A + B cells with a constant number (5 x 10 5) of D cells on the DNA synthetic
response to PHA. Values plotted on the ordinate are ([D + (A + B)]/D) x 100, where
D + (A + B) and D, respectively, represent mean peak [3H]thymidine incorporation

(0 cpm x 103) of the recombined fractions and of D cells cultured alone .

Cell fraction
Peak

Exp. 1

['H)thymidine

2

incorporation

3

(0 cpm

4

x 10')

5t 6

D (5 x 105) 8.7 77 .5 54 .2 13 .5 19 .5 25 .9
A+B(5x105) 2.4 3.0 8.8 0 1.9 4.8

D(5x101)+A+B:
5 x 10 5 - - - - 83.6 93 .2
2 x 10 5 - - 21 .6 - - -
1 x 10 , 99 .1 105.3 15 .5 6.2 13 .2 88 .0
5 x 10" - - 0.4 - - -
2 x 104 - - - 2.2 2.1 0.5
4 x 103 - - - 1 .0 1 .5 0
8 x 10, - - - - - 38 .9

Macrophages§ (1 x 10 4) 7.0 60 .3 20 .9 23 .8 45 .7 12 .5
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Fic. 2 .

	

Results from exp. 6, in which 5 x 10' D cells were cultured with varying numbers
ofA + B (left) or C cells (right) . PHA responses Q1H]thymidine incorporation) ofrecombined
fractions (experimental) are compared with the sum of responses of fractions cultured
separately (theoretical) .

The regulatory effects observed appear to be produced by sensitized lympho-
cytes rather than macrophages. Purified macrophages (1 x 10' cells) added to
cultures of D cells occasionally gave some enhancement or inhibition of the
response, but since macrophages are present in relatively small numbers (-~ 3%)
even in fractions enriched in large cells, the finding of profound suppression
with as few as 4 x 103 A + B cells argues strongly against macrophage
mediation of this effect . In addition, killing of macrophages in the cultures with
carrageenan without abrogating either potentiation or suppression is further
proof that macrophages do not participate in these phenomena in the system
under investigation .
The mechanisms which underlie the regulatory effects seen in these experi-

ments may operate to control immune responses in vivo . Since A + B cells
constitute only about 5% of the total LNC population, the potentiation seen with
large numbers of cells of this fraction may not be physiologically meaningful .
On the other hand, the finding of complete suppression of D-cell responses by A
+ B cells at a ratio as low as 1 :125 may well be meaningful in physiologic terms
and is not without precedent. Sensitized lymphocytes have been shown to
produce significant inhibition of normal macrophage migration in concentra-
tions down to 0.6% acting by release of migration inhibitory factor (13) . The
effects seen in the present study may also be mediated by soluble factors. The A
+ B population is enriched in OA-sensitive cells, which are stimulated by
antigen both to proliferate and to release lymphotoxin in culture (10) . The



supernate

from sensitized lymph node cells triggered with OA in culture also

contains

both an inhibitor of DNA synthesis and a potentiating or mitogenic

factor

(14, 15)

.

It is likely that the predominance of potentiation or suppression

at

a given cell concentration is determined by the different concentration optima

of

the lymphokines responsible

.

It remains to be determined whether the

different

mediators are produced by the same or different cell types within the

low

density fraction

.

One may envision more complex mechanisms of control

with

multiple feedback effects between the subpopulations involved

.

As an

example

of this complexity, the response to antigen was sometimes inhibited in

the

same combinations that gave a potentiated response to PHA

(16) .

Summary
Lymph

node cells of ovalbumin-sensitized rats were separated on the basis of

buoyant

density into fractions reciprocally enriched in cells responsive to ovalbu-

min

or phytohemagglutinin (PHA)

.

Recombination of high density and low

density

fractions in varying proportions resulted in potentiation or suppression

of

the DNA synthetic response to PHA in culture

.

The response of cultures

containing

equal numbers of high and low density cells was markedly greater

than

the sum of the two populations stimulated separately

.

However, when

decreasing

numbers oflow density cells were cultured with a constant number of

high

density cells, profound suppression was observed

.
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