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Equivalence of conventional anti-picryl T suppressor factor in the contact
sensitivity system and monoclonal anti-NP TsF;: their final non-specific
effect via the T acceptor cell
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Summary. There is considerable confusion over
whether the antigen-specific T suppressor factors
(TsF) described by different authors are indeed equi-
valent. This paper investigates whether monoclonal
TsF3, obtained from hybridomas derived from mice
injected subcutaneously with NP derived spleen cells,
is functionally equivalent to the conventional T sup-
pressor factor, produced by mice injected intra-
venously with chemically reactive, water soluble hap-
tene (picrylsulphonic acid and oxazolone thioglycolic
acid). Comparison of monoclonal anti-NP TsF; with
conventional anti-picryl and anti-oxazolone T sup-
pressor factor showed that both armed the non-speci-
fic T acceptor cell (Tacc) which was sensitive to
cyclophosphamide and adult thymectomy. Moreover,
non-specific inhibitor (nsINH) of the transfer of
contact sensitivity was released when antigen, together
with major histocompatibility complex products
(MHC), reacted with conventional or monoclonal TsF
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on the surface of the non-specific T acceptor cell. The
interaction of monoclonal TsF; with antigen, which
led to the release of nsINH, required the presence of
MHC and was I-J restricted. However, there was no
Igh-1 restriction.

The equivalence of conventional anti-picryl and
anti-oxazolone TsF has been demonstrated by arming
the Tacc with a mixture of these two suppressor
factors, and then triggering the release of nsINH with
the mixed haptene ‘picryl-oxazolone-lysine’ which
crosslinks separate molecules of TsF. A similar equi-
valence of conventional anti-oxazolone TsF and
monoclonal anti-NP TsF; was demonstrated using the
mixed hapten ‘NP-oxazolone-lysine’ to trigger the
release of nsINH. It was concluded that monoclonal
TsF3 and conventional TsF were equivalent, and that
both had an indirect mode of action through the
non-specific T acceptor cell which led to the produc-
tion of non-specific inhibitor.

INTRODUCTION

It is difficult to know the equivalence between appar-
ently different T suppressor factors (TsF) because of
the complexity of suppressor cell circuits and the fact
that different authors use different antigens and
different test systems. Moreoever, in the NP system,
there is evidence for two distinct antigen-binding T
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suppressor factors, one (Ts;) which induces the anti-
idiotypic Ts; and the other (Ts;) which blocks the
expression stage of the contact sensitivity reaction. We
therefore decided to take two relatively well-character-
ized systems and to compare the cells and factors at
various points of the suppressor cell circuit. This
comparison suggested that the Ts-eff in the picryl and
oxazolone systems showed striking similarities to the
Ts; cell in the NP (4-hydroxy-3-nitrophenylacetyl)
system (Zembala et al., 1982c; Sunday, Benacerraf &
Dorf, 1981). In particular:

(i) both cells are induced by antigen presented in the
context of I-J determinants (Colizzi, Asherson &
James, 1983; Minami, Honji & Dorf, 1982b)

(ii) both cells are I-J* Lyt-2* (Sunday et al., 1981;
Malkovsky et al., 1983)

(iii) both act at the effector stage of the delayed
hypersensitivity skin reaction

(iv) both bind to antigen specifically (Zembala et al.,
1982b; Okuda et al., 1981)

(v) both produce antigen-specific T suppressor
factors which bear major histocompatibility complex
(I-J) determinants; these bind to antigen and can be
split by dithioerythritol (Okuda e al., 1981; Sherr et
al., 1983; Asherson et al., 1984b)

(vi) in both systems, the TsF show I-J genetic
restriction in their action, although the test systems are
different. In the picryl system, the TsF acts indirectly
on the cell which transfers contact sensitivity. In fact, it
arms the T acceptor cell. This cell lacks relevant
intrinsic immunological specificity, but acquires it
passively when armed with TsF. Subsequent interac-
tion of antigen and MHC with the TsF on the surface
of the Tacc leads to the release of a non-specific
inhibitor (nsSINH) of the transfer of contact sensitivity.
This release of nsINH is I-J restricted (Zembala,
Asherson & Colizzi, 1982a). Similary, the action of
monoclonal TsF3 in the NP system shows I-J genetic
restriction, although the target for its action has not
previously been identified (Minami, Furusawa &
Dorf, 1982a).

This paper documents the equivalence between the
monoclonal TsF3 in the NP system (obtained from
hybridomas derived from mice injected subcu-
taneously with NP derived spleen cells) and conven-
tional TsF in the picryl and oxazolone system (pro-
duced by mice injected intravenously with chemically
reactive, water soluble haptene), and shows that both
act via the non-specific T acceptor cell (Tacc) to
produce a non-specific inhibitor of the expression
stage of the contact sensitivity reaction.

MATERIALS AND METHODS

Animals

The mice were bred at the CRC or purchased from
OLAC Ltd. Mice aged between 8 and 12 weeks were
used.

Suppressor factors

Conventional TsF was prepared from the spleen cells
of mice injected with picrylsulphonic acid or ‘oxazo-
lone thioglycolic acid’ and painted with picryl chloride
or oxazolone (4-ethoxymethylene-2-phenyloxazo-
lone) before harvesting. The 48 h supernatant of the
spleen cells was used as a source of T suppressor factor
(Zembala et al, 1982a). Monoclonal anti-NP
(4-hydroxy-3-nitrophenylacetyl) hybridoma TsF of
CKB (H-2*, Igh-I*) and C57BL/6 (H-2?, Igh-1%) origin
were prepared as described previously (Okuda e al.,
1981).

Antigens

‘Bis-NP-lysine’ was synthesized from 4-hydroxy-3-
nitrophenylacetyl azide (NP azide) and lysine (Brown-
stone, Mitchison & Pitt-Rivers, 1966). The mixed
haptene in which the alpha amino group of lysine was
derived with NP, and the epsilon amino group with
phenyloxazolone was prepared following the method
for Ne-picryl-L-lysine (Okuyama & Satake, 1980)
followed by further derivation with NP azide. Bovine
serum albumin and cells were haptenized with NP
(Weinberger, Benacerraf & Dorf, 1980). However,
half the volume of NP-N-succinimide was used,
treatment was for 10 min and the glycylglycine and
heparin were omitted. Cells were picrylated following
Zembala et al. (1982c). Potassium chloride extracts
containing MHC products were made following Reis-
feld & Pellegrino (1971) and Asherson et al. (1984a).

Adult thymectomy and treatment with cyclophospha-
mide

Adult thymectomy was undertaken at 5 weeks and the
mice were used at 8 weeks of age. Cyclophosphamide
was given at 200 mg/kg 2 days before immunization.

Two-step T acceptor cell assay for antigen-specific T
suppressor factor

This assay has two steps: firstly, the preparation of
Tacc, their arming with TsF, the triggering of the
release of non-specific inhibitor by antigen, together
with MHC, and secondly, the assay of nsINH by the
inhibition of the passive transfer of contact sensitivity.
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The Tacc were nylon wool purified, 4-day oxazolone
immune, BALB/c pooled lymph node and spleen cells.
They were armed (1-5 x 10%) with a total 4 ml of a
single or mixture of conventional TsF and monoclonal
TsF; for 1 hr at 37°. After dilution and centrifugation,
they were triggered by adding a third of their number
of haptenized cells in a volume of 5 ml, or by adding a
total of 5 ml contaning 200 ug/ml final concentration
of haptene (NP derivative of lysine or NP-albumin),
together with potassium chloride extract (1 ml) de-
rived from 5 x 107 normal spleen cells as a source of
MHC. The supernatant after 2 hr was then used as
nsINH.

NsINH was tested by incubating 4-day oxazolone
immune passive transfer cells (25 x 10%) in it for 45
min at 37°. The cells were diluted, washed, and
4-5 x 107 were injected into each of five recipients. The
recipients were challenged immediately afterwards
with 19 oxazolone in olive oil, and the increment of
ear thickness was measured in units of 10~ 3cm+SD
24 hr later. Significance was assessed by Student’s
two-tailed z-test.

The positive control refers to mice which received
immune cells incubated in ‘dummy’ supernatant, i.e.
from T acceptor cells without either antigen or TsF.
The negative control refers to mice which received no
cells.

RESULTS

Monoclonal TsF acts via an adult thymectomy and
cyclophosphamide sensitive cell

A distinctive feature of conventional TsF in the picryl
system is that it fails to block the passive transfer of
contact sensitivity by immune cells from mice pre-
treated with cyclophosphamide or subjected to adult
thymectomy. Analysis showed that this was because
TsF acted through a non-specific cyclophosphamide
and adult thymectomy sensitive T acceptor cell (Zem-
bala et al., 1982c). The following experiment investi-
gated whether monoclonal (mc) TsF in the NP system
acted through a similar cell. In practice, Tacc were
armed with monoclonal (mc) anti-NP TsF; and then
triggered to release non-specific inhibitor by
NP-derived spleen cells which served as a source of
both antigen and MHC. The non-specific inhibitor
was then tested for its ability to inhibit the passive
transfer of contact sensitivity. Figure 1 (line 1) shows
that the T acceptor cell population armed with TsF
and then triggered with antigen, released non-specific
inhibitor. However, no nsINH was produced when the
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Figure 1. Monoclonal anti-NP TsF3 acts via the T acceptor
cell which is sensitive to cyclophosphamide and adult
thymectomy. T acceptor cells were obtained from normal
mice, or mice pretreated with 200 mg/kg cyclophosphamide 2
days before immunization, or sham or adult thymectomy
(ATx) 3 weeks before immunization with oxazolone. The
4-day immune nylon T cells were then armed with anti-NP
TsF3 and triggered to release non-specific inhibitor by
NP-derived CBA spleen cells. The non-specific inhibitor was
assayed by its ability to inhibit the passive transfer of contact
sensitivity; this is shown in- units of 10-3 cm+SD.

donor of the T acceptor cell had received 200 mg/kg
cyclophosphamide before immunization, or had been
subjected to adult thymectomy.

MHC genetic restriction in the interaction of monoclo-
nal TsF3 and the haptenized cell used as a source of
antigen

It is known that there is an I-J genetic restriction in the
interaction of conventional TsF on the surface of the
Tacc and the haptenized cell used as a source of
antigen. Moreover, using monoclonal TsF;, there is an
I-J and an Igh-1 restriction between the factor and the
recipient. The following experiment investigated the
genetic restriction of mc TsF3 in the T acceptor cell
system. In the first block of Fig. 2, the Tacc was armed
with mc TsF; of CKB (H-2, Igh-1%) origin. The first
two lines show that the release of nsINH was triggered
by haptenized B10.BR cells which are syngeneic at
both loci, and CBA cells which are syngeneic at the
H-2 locus but not at Igh-1 with CKB. The third line
shows that B10 mice which are H-2° but share the same
Igh-1° failed to trigger the release of nsINH. These
findings, taken together, indicate that triggering was
H-2 but not Igh-1 restricted. The second block
confirms these findings using mc TsF from B6 mice
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Figure 2. I-J but not Igh-1 genetic restriction in the interaction of monoclonal TsF3 on the surface of the T acceptor cell with the
NP-derived cell used as a source of antigen. In the first two blocks, T acceptor cells of BALB/c origin were armed with
monoclonal TsF3 from CKB (H-2%, Igh-1%) or B6 (H-2?, Igh-1%) origin. They were then triggered to release nsINH by
NP-derived, B10.BR (H-2*, Igh-1%), CBA (H-2¥, Igh-19) or B10 (H-2?, Igh-1?) spleen cells (‘antigen presenting cells’ or ‘APC’).
In the third block, the Tacc was armed with conventional anti-picryl TsF from CBA mice and triggered with picrylated cells. The
non-specific inhibitor was then assayed by its ability to inhibit the passive transfer of contact sensitivity. The H-2 and Igh-1

haplotypes of the TsF3 and APC are shown in parentheses.

(H-2%, Igh-1%). Finally, the last block indicates that
conventional anti-picryl TsF of CBA (H-2¥) origin
had the same H-2 genetic restriction as mc TsF; of
H-2* origin.

The following experiment mapped the H-2 restric-
tion more closely. T acceptor cells were armed with mc
TsF3; of CKB (H-2¥) origin and then triggered by
antigen and potassium chloride extract containing
MHC products. Figure 3 shows that antigen, together
with B10.A(5R) (I-J¥) extract, triggered the release of
nsINH, while 3R (I-J%) extract was ineffective. As these
two strains only differ at the I-J locus, it was concluded
that there was an I-J genetic restriction. The remainder
of the figure shows that extract of k haplotype (CBA)
extract also caused triggering, while a d haplotype
(BALB/c) extract was ineffective.

Equivalence of conventional and monoclonal T sup-
pressor factor

It is known that the interaction of low molecular
weight bivalent haptene with TsF on the surface of the

Tacc leads to the release of nsINH (Asherson et al.,
1984a). The following experiment investigated
whether this was also true for mc TsFs. T acceptor cells
were armed with mc TsF3 and triggered by a mixture
of bivalent haptene (bis-NP-lysine) and a source of I-J.
The first line of Fig. 4 shows that this led to the release
of nsINH. The second line provides a control and
shows that no nsINH was released in the absence of
the mc TsFs.

It is also known that mixed haptene, e.g. picryl-oxa-
zolone-lysine, triggers the release of nsINH from Tacc,
providing they are armed with a mixture of anti-picryl
and anti-oxazolone TsF. Under these circumstances,
the two different T suppressor factors behave as
though they are equivalent, and their crosslinking by
the mixed haptene leads to triggering of the Tacc. The
experiment also investigated whether conventional
TsF and TsF3; were similarly equivalent.

The third line of Fig. 4 shows that the mixed haptene
NP-oxazolone-lysine triggered the release of nsINH
when the Tacc was armed with a mixture of conven-
tional anti-oxazolone TsF and mc TsF3. The next two
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Figure 3. I-J genetic restriction in the interaction of mono-
clonal TsF3 on the surface of the T acceptor cell, with antigen
and potassium chloride extracts used as a source of MHC. T
acceptor cells were armed with monoclonal TsF3 from CKB
(I-J%) origin and then triggered to release nsINH by a mixture
of NP-albumin and a potassium chloride extract of various
cells used as a source of MHC. The I-J haplotypes of the TsF3
and the extracts are shown in parentheses. The fourth lineisa
control ilustrating that non-specific inhibitor is not produced
unless the Tacc is armed with TsF3. There is a significant
‘difference (P=0-05) between the inhibition seen when
B10.A(3R) extract is used as a source of MHC and the lack of
inhibition with B10.A(5R) extract. Similarly, there is a
significant difference (P=0-01) between the inhibition seen
with CBA extract and the lack of inhibition with BALB/c
extract.

lines provide controls and show that no triggering
occurred when the Tacc were armed with only a single
TsF. It was concluded that conventional and mc TsF3
were functionally equivalent and triggered the Tacc
when crosslinked to each other. Similar observations
were made in two additional experiments.

DISCUSSION

These results extend the similarities described in the
introduction between conventional TsF in the picryl
and oxazolone contact sensitivity systems, and the
monoclonal TsF; in the NP system.

(i) Both act through a non-specific T acceptor cell
which generates non-specific inhibitor. This was
already known for conventional TsF but had not been
demonstrated for monoclonal TsFs. In both cases, the
T acceptor cell is sensitive to cyclophosphamide and
adult thymectomy (Zembala et al., 1982c). The obser-
vation that mc TsF3 causes suppression when injected
into immune mice treated with cyclophosphamide is
apparently different from the present findings. How-
ever, in the present case, cyclophosphamide at 200
mg/kg was given 2 days before immunization to
inactivate the T acceptor cells while, in the other case,
50 mg/kg was given 1 day after immunization to mice
that subsequently received mc TsF; (Okuda et al.,
1981). In any case, TsF has an alternative mode of
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Figure 4. The triggering of the T acceptor cell cell armed with conventional anti-oxazolone and monoclonal anti-NP TsF3 by the
mixed haptene NP-oxazolone-lysine. T acceptor cells were armed with monoclonal TsF3 from CKB mice or conventional
anti-oxazolone TsF or with a mixture of the two. The release of nsINH was then triggered by the bivalent haptene bis-NP-lysine
or by the mixed haptene NP-oxazolone-lysine. MHC was provided by potassium chloride extract of normal CBA spleen cells.
The second line is a control illustrating that non-specific inhibitor is not released unless the Tacc is armed with TsFs3.



496 G. L. Asherson et al.

action via the macrophage (Ptak et al., 1978), so that
inactivation of T acceptor cells would not be expected
to block its action completely in vivo.

(ii) In both cases, the interaction of antigen and
MHC with the TsF on the surface of the Tacc is
genetically restricted; this restriction maps to the I-J
subregion.

(iii) Further evidence for the equivalence of mono-
clonal anti-NP TsF; and conventional anti-oxazolone
TsF was provided by experiments in which the T
acceptor cell was armed by both factors (Asherson et
al., 1984a). The release of non-specific inhibitor was
then triggered by the mixed haptene NP-oxazolone-
lysine which is univalent in respect to both haptenes.
This was due to the crosslinking of molecules of the
anti-oxazolone TsF to the anti-NP TsFs. These find-
ings illustrate the functional equivalence of these two
suppressor facrors, and probably indicate that they
attach to identical receptors on the T acceptor cell.

These results establish that the specific soluble T
suppressor factors which have been characterized in
the NP, picryl and oxazolone systems have identical
functional properties in terms of their ability to arm
the T acceptor cell. These properties are consistent
with other data, demonstrating that these antigen-
specific molecules have similar properties, including
I-J determinants, antigen binding sites, susceptibility
to dithioerythritol and action at the expression stage
of the immune response.

The present results indicate in the NP system, where
three distinct T suppressor cells (Ts;, Tsz, Ts3) have
been defined, that at least one more cell is involved in
the suppressor circuit, namely the non-specific T
acceptor cell. Furthermore, the I-J restriction pre-
viously ascribed to the TsF; is probably explained by
the genetic restriction in the triggering of the armed T
acceptor cell for which the critical requirement is
matching in the I-J subregion between the source of
the TsF and the MHC used in the triggering stage
(Zembala et al., 1982a).

There is an interesting difference between the gene-
tic restrictions when TsF; is injected into immune
recipients, and the genetic restriction when TsF3 is
used to arm the T acceptor cell. In the former case,
there is an I-J and Igh-1 genetic restriction, and in the
latter only an I-J restriction. Igh-1 genetic restrictions
are usually interpreted as being due to idiotype
anti-idiotype reactions, and the simplest explanation is
based on the view that anti-idiotypic factors and
antigen may be regarded as equivalent in the network
theory and, hence, that anti-idiotypic factor can

substitute for antigen. It is possible that, in the T
acceptor cell system where haptenized cells are added
as a source of antigen, there is no need for additional
anti-idiotypic reactions, while when TsF3 is injected in
vivo, the amount of antigen may be limiting and
anti-idiotype reactions then become important.

These experiments confirm the antigen specificity of
TsF3, while emphasizing that the final suppression is
antigen non-specific. Our previous observations in the
NP system failed to reveal a non-specific final event
(Okuda et al., 1981). Thus, in the present experiments,
non-specific inhibitor was produced in vitro in the
presence of high concentrations of antigen, while in
the in vivo experiments, TsF3 was injected into mice
sensitive to dinitrofluorobenzene (DNFB) and the
mice challenged with DNFB only. It is possible that,
under these circumstances, anti-idiotypic factors
which would only occur in NP-immunized mice would
be necessary to activate non-specific suppression.

We conclude that the final phases of the suppressor
pathway are common in the NP and picryl systems,
and involve the non-specific T acceptor cell. Whether
the initial phases are also similar is unresolved.
Although it is clear that Ts; and Ts; form an integral
part of the NP suppressor cell circuit, it is likely that
other methods exist for triggering the Ts; cells. In
particular, anti-idiotypic Ts; is not required when
there is sufficient antigen to trigger the Ts;. In keeping
with this view, recent experiments show that mice
primed with picrylsulphonic acid (but not painted with
picryl chloride) which fail to produce active ‘complete’
TsF, release TsF when triggered with picrylated
normal cells in vitro (V. Colizzi, M. Zembala and G. L.
Asherson, unpublished observations).
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