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Complementation by SR Proteins of Pre-mRNA
Splicing Reactions Depleted of U1 snRNP

John D. Crispino, Benjamin J. Blencowe, Phillip A. Sharp*

Individual small nuclear ribonucleoproteins (snRNPs) U1, U2, and U4/U6 were removed
from nuclear extracts of Hel.a cells by antisense affinity depletion. Addition of a highly
purified preparation of SR proteins fully restored splicing activity in reactions depleted of
U1 snRNP but did not reconstitute splicing in reactions depleted of the other snRNPs.
Affinity selection experiments revealed that spliceosomes lacking U1 snRNA formed in the
U1 snRNP-depleted reactions reconstituted with SR proteins. Thus, high concentrations
of SR proteins facilitate the assembly of precursor messenger RNA (pre-mRNA) into a
spliceosome in the absence of interactions with U1 snRNP.

Pre-mRNA splicing takes place within a
large complex termed the spliceosome,
which contains four snRNP particles (U1,
U2, U4/U6, and U5) and also many non-
snRNP protein factors (I). SR proteins
belong to a family of non-snRNP splicing
factors that are highly conserved from
Drosophila to primates and contain exten-
sive repeats of the diamino acid sequence
serine-arginine (2). Proteins of the SR
family have been implicated both in con-
stitutive splicing and in the regulation of
alternative splicing (3). Recent work sug-
gests that SR proteins function during an
early step in the commitment of a sub-
strate to splicing (4), facilitate the bind-
ing of Ul snRNP to the 5’ splice site (5),
and also bridge interactions between the
5’ splice site and the branch site (6).
Here, we show that high concentrations
of SR proteins circumvent the require-
ment for Ul snRNP in the pre-mRNA
splicing reaction.

Antisense 2'-O-methyl oligoribonucleo-
tides were used to deplete Hela cell nuclear
extracts of either U1, U2, or U4/U6 snRNPs
(7). These extracts were not active for the
splicing of added pre-mRNA, but comple-
mented each other in any pairwise com-

bination (Fig. 1D) (7, 8). Depleted nucle-
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ar extracts were assayed for the presence
of snRNAs by Northern (RNA) hybrid-
ization (Fig. 1A). In the reaction depleted
of Ul snRNP, the amount of this snRNA
was reduced approximately to a thou-
sandth of the previous amount, whereas
the levels of the nontargeted snRNAs
were not greatly affected.

Fractions containing SR proteins com-
plemented splicing of a B-globin substrate
in reactions depleted of Ul snRNP (Fig.
1D). Preparations of purified SR proteins
were derived from nuclear extracts of
HeLa cells as described (2) (Fig. 1B). A
typical SR preparation also contained a
small amount of contaminating snRNAs
that were degraded by digestion with mi-
crococcal nuclease. The resulting prepa-
rations contained no detectable snRNAs
when analyzed by Northern hybridization
(Fig. 1C).

After digestion with micrococcal nucle-
asey’SR preparations retained the ability to
restore splicing to reactions depleted of Ul
snRNP (Fig. 1D). This resistance contrast-
ed with the sensitivity of both the nuclear
extract and the U2 snRNP-depleted ex-
tract, which did not restore splicing to a U1l
snRNP-depleted reaction upon nuclease
treatment (Fig. 1D). Nuclear extract and
U2 snRNP-depleted extract probably com-
plement the absence of Ul snRNP by con-
tributing functional Ul snRNPs; degrada-
tion of the Ul snRNA would be expected
to render these preparations inactive. This
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suggests that the activity of the SR prepa-
ration is not the result of residual Ul
snRNA. The effects of SR proteins were
specific, because their addition had little
effect on the extent of splicing of mock-
depleted reactions and, in addition, did not
restore splicing to either U2 snRNP- or
U4/U6 snRNP-depleted reactions (8). In
titration experiments, the concentration of
SR proteins required to complement the U1
snRNP-depleted reactions was approxi-
mately 10-fold greater than that of the en-
dogenous concentration (8).

The activity of SR preparations com-
plementing a Ul snRNP-depleted reac-
tion was dependent on the particular pre-
mRNA. The B-globin substrate was the
most active under these conditions, whereas
an adenovirus pre-mRNA substrate, Adl,
was also spliced (Fig. 2A), but at approxi-
mately 10% of the level observed in the
mock-depleted reaction. In the case of the
Ad1 substrate, addition of SR proteins to
the mock-depleted reaction resulted in the
activation of a cryptic 5’ splice site that is
located 125 nucleotides downstream of the
normal splice site (Fig. 2B). Both sites were
also active in the Ul snRNP-depleted re-
action supplemented with SR proteins. A
third substrate, pPIP85A, which is largely
based on sequences in the Adl pre-mRNA
but with many sequence variations, was not
active for splicing upon addition of SR pro-
teins to Ul snRNP-depleted reactions (8).
Thus, there is a sequence specificity for
splicing in the absence of U1 snRNP and in
the presence of high concentrations of SR
proteins.

To investigate further the role of SR
proteins in the facilitation of splicing in
U1l snRNP-depleted reactions, spliceo-
somes were formed in reactions contain-
ing 0.2 pg of substrate RNA that had
been synthesized with biotinylated uridine
triphosphate (9). This amount of substrate
corresponded to at least a 100-fold excess over
the minute amounts of Ul snRNA in the
depleted reactions. Biotinylated B-globin
pre-mRNAs were incubated under splicing
conditions for 40 min in mock-depleted, U1l
snRNP-depleted, and U2 snRNP-depleted
reactions either with or without added SR
proteins; the extent of splicing was assayed by
addition of a trace amount of labeled substrate
(Fig. 3A).

The spliceosomes from these reactions
were recovered by chromatography on
streptavidin agarose beads; and the bound
RNA was analyzed by Northern blot anal-
ysis (Fig. 3B). All six snRNAs were associ-
ated with the spliceosome in reactions con-
taining mock-depleted extract. The addi-
tion of excess SR proteins had a small stim-
ulatory effect on splicing and also on the
amount of snRNAs in spliceosomes. Trace
amounts of U2, U4, U5, and U6 snRNAs



were affinity-selected in the Ul snRNP-
depleted reactions (Fig. 3B), which is con-
sistent with the very low level of splicing
that was observed under these conditions.
Addition of excess SR proteins, which re-
stored splicing to the levels found in the
mock-depleted reactions (Fig. 3A), en-
hanced the binding of U2 snRNA to levels
found in the mock reactions. Furthermore,
U4, U5, and U6 snRNAs were also en-
riched in complexes formed under these
conditions. No Ul snRNA above the back-
ground was selected in the Ul snRNP-
depleted reaction upon addition of high
concentrations of SR proteins (Fig. 3B).

Analysis of the U2 snRNP-depleted re-
actions revealed that a small amount of Ul
snRNA was associated with the substrate in
the absence of additional SR proteins and
that this amount increased upon addition of
SR proteins (Fig. 3B). However, consistent
with the lack of splicing under these con-
ditions (Fig. 3A), the addition of SR pro-
teins did not promote the association of the
other snRNAs (Fig. 3B). Results similar to
those shown in Fig. 3B were obtained from
selection experiments carried out with the
Ad1 pre-mRNA substrate (10).

Pre-mRNA splicing is efficient in reac-
tions depleted of Ul snRNP if the concen-
tration of SR proteins is increased 10-fold.
We suggest that splicing under these con-
ditions is independent of the activity of U1
snRNP. This conclusion is supported by the
absence of detectable U1l snRNA in affin-
ity-selected spliceosomes under conditions
in which other spliceosomal snRNAs were
clearly present. Furthermore, substrate
RNAs that are processed with similar effi-
ciencies in U1 snRNP-dependent reactions
have differential activities in reactions de-
pleted of Ul snRNP and supplemented
with SR proteins. Even with these strong
indications, it is impossible to prove chem-
ically that the minute amount of Ul snRNP
present in the depleted reaction is not ac-
tive in a very transient mode in the promo-
tion of splicing. However, we propose that
these results shift the argument to the
premise that Ul snRNP is not required for
splicing under all conditions.

That high concentrations of SR proteins
permit processing of pre-mRNA in reac-
tions depleted of Ul snRNP suggests that
U1 snRNA is not essential for catalysis of
either of the transesterification steps in
splicing. This finding was anticipated by
previous studies that show that Ul snRNP
is easily displaced from the spliceosome
(11) and that there is a lack of an obvious
analog to Ul snRNA in trans-splicing
reactions (12). Further evidence that a
spliceosome can form without U1l snRNP is
suggested by recent studies showing that
spliceosome-type complexes containing U2,

U5, and U4/U6 snRNAs assemble on short
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Fig. 1. SR proteins restore splicing to U1 snRNP-depleted reactions. (A) Antisense affinity depletion of
snRNPs from Hela cell nuclear extracts. RNA recovered from snRNP-depleted nuclear extracts was
analyzed by Northern hybridization with snRNA-specific riboprobes. Lane 1, mock-depleted nuclea
extract. Lanes 2, 3, and 4, extracts depleted of U1, U2, and U4/U6 snRNPs, respectively. (B) SR proteins
were isolated from Hel.a cells, separated by SDS—polyacrylamide gel electrophoresis, and detected with
Coomassie blue. (C) The SR protein preparation was treated with micrococcal nuclease to degrade
endogenous snRNAs (20). RNA recovered from the digested SR preparation was analyzed with snRNA-
specific riboprobes as in (A) (lane 4). Lane 2 shows a micrococcal nuclease (MN)-digested U2 snRNP-
depleted nuclear extract. Lanes 1 and 3 show mock nuclease-treated, U2 snRNP-depleted extract anc
SR protein preparation, respectively. (D) Splicing of B-globin pre-mRNA is reconstituted in U1 snRNP-
depleted reactions supplemented with micrococcal nuclease—treated SR proteins (27). Reactions con-
taining U1 snRNP-depleted extract were incubated with mock nuclease-treated SR proteins (lane 11) or
nuclease-treated SR proteins (lane 12). Lanes 2, 4, and 7 show reactions with the mock-depleted, U1
snRNP-depleted, and U2 snRNP-depleted nuclear extracts, respectively. Reactions containing different
combinations of nuclear extracts or SR proteins are as indicated. SR, HelLa cell SR proteins; MN,
pretreated with micrococcal nuclease. Splicing intermediates and products are indicated by icons on the
left. The 5’ exon species is not shown, although it was detected in all active splicing lanes. Lane M shows
end-labeled Msp | fragments of pBR322. Lane 1 shows a reaction containing a mock-depleted nuclear
extract that was incubated on ice.

A Mock AU1 B
SR: = 1
Cryptic CAUCUG / GUCAGAAAAGACAAU

a WT  GUUGGG / GUGAGUACUCCCUCU
[z B Fig. 2. SR proteins restore splicing to an adenovirus pre-mRNA
in U1 snBNP-depleted reactions and also activate a cryptic 5’
z splice site. (A) Splicing reactions containing the Ad1 pre-mRNA
substrate supplemented with SR proteins pretreated with micro-
.

O coccal nuclease (217). Lanes 2 and 3 show reactions in a mock-
depleted nuclear extract with (lane 3) or without (lane 2) added
nuclease-treated SR proteins. Lanes 4 and 5 show the corre-
sponding reactions in a U1 snRNP-depleted nuclear extract.

e Icons indicate the migration of splicing intermediates and prod-

= ucts generated by selection of either the wild-type or cryptic
splice sites. Species marked with a star are those of the cryptic
splicing pathway. (B) Comparison of the wild-type (WT) and
< i cryptic 5' splice sites in Ad1 pre-mRNA (22). The cryptic 5’ splice
site region shares sequence similarity with a consensus se-

—: p—— quence, although it has a few differences.
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Fig. 3. Spliceosomes lacking U1 snRNA form on the B-globin
pre-mRNA during splicing. (A) We monitored splicing reactions
by following trace amounts of radiolabeled B-globin substrate,
co-incubated with a near-saturation level of biotinylated-cold
pre-mRNA. Reactions containing mock-depleted nuclear ex-
tract (lanes 1 and 2), U1 snRNP-depleted nuclear extract
(lanes 3 and 4), or U2 snRNP-depleted nuclear extract (lanes
5 and 6) were incubated with (lanes 2, 4, and 6) or without

(lanes 1, 3, and 5) SR proteins pretreated with micrococcal
nuclease. The 5’ exon species is not shown, although it was detected in all active splicing lanes. (B)
Spliceosomes formed in the reactions shown in (A) were affinity-selected on streptavidin agarose beads
(9). Co-selected snRNAs were detected by Northern hybridization as in Fig. 1A. Lane 1 contains RNA
extracted from a 10-pl nuclear extract as a marker. Lane 2 shows RNA affinity-selected from a reaction

containing no substrate RNA.

oligoribonucleotides encompassing a 5’
splice site (13). Formation of these com-
plexes was dependent on the recognition of
the 5’ splice site sequence but did not de-
pend on the presence of an intact Ul
snRNA. Consistent with this, it was re-
cently reported that SR proteins reconsti-
tuted splicing reactions in which Ul
snRNP was debilitated by site-specific
blockage of the 5’ end of Ul snRNA. In
these reactions, no Ul snRNA was de-
tected interacting with the 5’ splice site
by psoralen cross-linking (14).

The 5’ splice site sequence is recog-
nized by components of the spliceosome
other than Ul snRNA. Recent experi-
ments have revealed an interaction be-
tween U6 snRNA and the 5’ splice site by
detection of allele-specific complementa-
tion between mutations in the 5’ splice
site and mutations in U6 snRNA and also
by ultraviolet light-induced cross-links
between these two RNAs (15). Consis-
tent with specific recognition of the 5’
splice site sequence by spliceosome fac-
tors other than Ul, we have found that
mutations at either +1, +2, +5, or +6 in
the 5' splice site region have similar ef-
fects on reactions containing either a
mock-depleted extract or Ul snRNP-de-
pleted extract reconstituted with SR pro-
teins (16). Because bases at these posi-
tions are certainly recognized in a rate-
limiting step by Ul snRNA under normal
conditions, the same bases must also be
recognized in another potentially rate-
limiting step after interaction by Ul
snRNP, probably by U6 snRNA.

The mechanism by which SR proteins
bypass the requirement for Ul snRNP is
unclear. Ul snRNP recognizes the 5’ splice
site by sequence complementarity (17) and
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promotes commitment to the splicing path-
way by stabilizing the binding of U2 snRNP
to the branch region (7, 18). The SR sub-
domain of the Ul snRNP 70-kD protein
may interact either directly or indirectly
with the SR domain of the U2AF protein,
which is required for the stable binding of
U2 snRNP (6). We propose that this Ul
snRNP-mediated signal for U2 snRNP
binding and spliceosome formation is not
essential with high concentrations of SR
proteins, because the SR proteins bind the
substrate directly and stabilize the subse-
quent association of U2 snRNP. This sug-
gestion is consistent with the observed dif-
ferences in splicing activity of specific sub-
strates in the Ul snRNP-depleted reac-
tions with high SR protein concentrations.
SR proteins are thought to bind RNA in a
sequence-specific fashion (19), and thus
substrate pre-mRNAs might be expected to
have differential activity in reactions de-
pendent on recognition by SR proteins.
Further studies on the sequence specificities
of reactions in the presence of high concen-
trations of SR proteins will probably be
informative in determining the mechanisms
by which SR proteins function to promote
splicing in the absence of Ul snRNP.

REFERENCES AND NOTES

1. C. Guthrie, Science 253, 157 (1991); M. J. Moore, C.
C. Query, P. A. Sharp, in The RNA World, R.
Gesteland and J. Atkins, Eds. (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1993),
pp. 303-357.

2. A. M. Zahler, W. S. Lane, J. A. Stolk, M. B. Roth,
Genes Dev. 6, 837 (1992).

3. A. R. Krainer, A. Mayeda, D. Kozak, G. Binns, Cell
66, 383 (1991); H. Ge, P. Zuo, J. L. Manley, ibid., p.
373; X.-D. Fu, A. Mayeda, T. Maniatis, A. R. Krainer,
Proc. Natl. Acad. Sci. U.S.A. 89, 11224 (1992); A. M.
Zahler, K. M. Neugebauer, J. A. Stolk, M. B. Roth,
Mol. Cell. Biol. 13, 4023 (1993).

SCIENCE e« VOL.265 -«

23 SEPTEMBER 1994

10.
. M. M. Konarska and P. A. Sharp, Cell 46, 845 (1986);

12.
13.

14.

15.

16.
17.
18.

19.

20.

21.

22.

-D. Fu, Nature 365, 82 (1993).

D. Kohtz et al., ibid. 368, 119 (1994).

Y. Wu and T. Maniatis, Cell 75, 1061 (1993).

M. L. Barabino, B. J. Blencowe, U. Ryder, B. S.
Sproat, A. I. Lamond, ibid. 63, 293 (1990). Nuclear
extracts were depleted of specific sSnBNPs as de-
scribed (B. J. Blencowe and S. M. L. Barabino,
Methods Mol. Biol., in press). Mock-depleted ex-
tracts were carried through the depletion protocol in
the absence of an antisense oligonucleotide. RNA
from nuclear extracts was recovered by proteinase K
treatment, followed by phenol extraction and ethanol
precipitation, before electrophoresis in urea-polyac-
rylamide gels. The biotinylated antisense oligonucle-
otides were synthesized on an Applied Biosystems
Oligonucleotide Synthesizer with commercially avail-
able phosphoramidites.

. X
. J
. J.
. S.

. J. D. Crispino and P. A. Sharp, unpublished data.
. Biotinylated RNA was transcribed as described [P. J.

Grabowski and P. A. Sharp, Science 233, 1294
(1986)). Splicing reactions (100 wl) containing 0.2 pg
of B-globin substrate were incubated for 40 min at
30°C. Immediately before incubation at 30°C, a small
amount of labeled pre-mRNA was added to 10 pl of
each splicing reaction. The remaining 90 wl of each
reaction was incubated at 30°C and then mixed for 1
hour at 4°C with pre-blocked streptavidin agarose
beads (Sigma). The beads were washed several
times with a 350 mM KCI buffer as described [U.
Ryder, B. S. Sproat, A. |. Lamond, Nucleic Acids
Res. 18, 7373 (1990)]. Affinity-selected RNA was
released by proteinase K treatment, extracted with
phenol chloroform, then recovered by ethanol pre-
cipitation for analysis by Northern hybridization.

J. D. Crispino and P. A. Sharp, unpublished data.

ibid. 49, 763 (1987).

T. W. Nilsen, Annu. Rev. Microbiol. 47, 413 (1993).
B. B. Konforti, M. J. Koziolkiewicz, M. M. Konarska,
Cell 75, 863 (1993).

W.-Y. Tarn and J. A. Steitz, unpublished observa-
tions.

C. F. Lesser and C. Guthrie, Science 262, 1982
(1993); S. Kandels-Lewis and B. Séraphin, ibid., p.
2035; E. Sontheimer and J. A. Steitz, ibid., p. 1989.
J. D. Crispino and P. A. Sharp, unpublished data.
Y. Zhuang and A. M. Weiner, Cell 46, 827 (1986); P
G. Siliciano and C. Guthrie, Genes Dev. 2, 1258
(1988); B. Séraphin, L. Kretzner, M. Rosbash, EMBO
J. 7,2533(1988).

B. Séraphin and M. Rosbash, Cell 59, 349 (1989); S.
Michaud and R. Reed, Genes Dev. 5, 2534 (1991).
P. Zuo and J. L. Manley, Proc. Natl. Acad. Sci.
U.S.A. 91, 3363 (1994).

SR proteins were prepared from Hela cells as de-
scribed (2) but with a second MgCl, precipitation. To
remove endogenous snRNAs, we treated SR pro-
teins and nuclear extract with micrococcal nuclease
for 30 min at 30°C, in the presence of 1 mM CaCl,.
The extent of degradation of the snRNAs was as-
sayed by Northern hybridization with snRNA-specific
riboprobes. The amounts of U2 snRNP-depleted
extract and SR proteins digested corresponded to
the amounts required to obtain equivalent levels of
complementing activity, as assayed by the ability to
restore splicing to a U1 snRNP-depleted extract.
After the incubation with nuclease, EGTA was added
to a final concentration of 3 mM.

Splicing reactions were performed essentially as de-
scribed [P. J. Grabowski, R. A. Padgett, P. A. Sharp,
Cell 37, 415 (1984)]. Splicing-complementation as-
says contained 30% nuclear extract, supplemented
with 20% of a second extract or 1 pg of SR proteins.
In complementation controls lacking extract or SR
proteins, buffer D [J. D. Dignam, R. M. Lebowitz, R.
G. Roeder, Nucleic Acids Res. 11, 1475 (1983)] con-
taining 5% glycerol was added instead. Splicing re-
actions were incubated for 2 hours.

RNA species from splicing reactions with Ad1 pre-
mRNA were extensively characterized by compari-
son of the mobility of the RNA products and by
complementary DNA (cDNA) cloning of the exon
product RNAs after elution from polyacrylamide gels.
The cDNA and second-strand synthesis was per-
formed with rTh polymerase (Perkin-Elmer Cetus) in
coupled reverse transcription-polymerase chain re-



action. The cDNAs were inserted into pBluescript—,
and the DNAs of several clones were sequenced.
23. The authors thank R. Cook and S. Schultz of the MIT
Biopolymers Facility for synthesizing the biotinylated
2’-O-methyl oligoribonucleotides. R. Issner and Y.
Qiu are thanked for their excellent technical assis-
tance. A. MacMillan, P. McCaw, J. Pomerantz, and
C. Query kindly made helpful comments on the
manuscript. Many thanks also to M. Siafaca for sec-

retarial support. Supported by U.S. Public Health
Service grant RO1-GM34277 and grant RO1-
Al32486 from NIH (P.A.S.) and partially by a Cancer
Center Support (core) grant P30-CA14051 from the
National Cancer Institute. B.J.B. was supported by a
Human Frontiers Science Program Organization
Long-Term Fellowship.

156 June 1994; accepted 24 August 1994

Regulation of IgE Responses to Inhaled Antigen
in Mice by Antigen-Specific y6 T Cells

Christine McMenamin, Carolyn Pimm, Michelle McKersey,
Patrick G. Holt*

Indirect evidence implicates yd T cells in the cross-regulation of CD4 a8 T cell responses.
Adoptive transfer of small numbers of.yd T cells from ovalbumin (OVA)-tolerant mice
selectively suppressed T,,2-dependent immunoglobulin E (IgE) antibody production with-
out affecting parallel IgG responses. Challenge of these y3 T cells in vitro with specific
antigen resulted in production of high levels of interferon v. The effects of the y3 T cells
may be mediated by direct inhibition of OVA-specific CD4* T2 cell proliferation or

selection for specific CD4 T,,2 cells.

The “normal” immune response to non-
pathogenic soluble protein antigens pre-
sented at the body’s major mucosal surfaces
is the selective suppression of antigen-spe-
cific delayed-type hypersensitivity (DTH)
and IgE production. The process occurring
in the gastrointestinal tract in response to
food antigens has been termed oral toler-
ance (1). We have described an analogous
tolerance process in the respiratory tract of
the rat in response to inhalation of antigen
(2, 3) and demonstrated the capacity of
purified CD8* T cells to mediate its adop-
tive transfer (4), a finding consistent with
later reports on oral tolerance (5, 6).

The CD8* T cells that mediate adop-
tive transfer of IgE-selective antigen-spe-
cific “tolerance” in the rat model are
major  histocompatibility complex
(MHC) class I restricted and are respon-
sive to soluble OVA antigen (7). Activa-
tion of these cells depends on interleu-
kin-2 (IL-2) which, at least in vitro, is
provided by MHC class [I-restricted
CD4* T cells responding to the same
antigen (8). The early phase of the re-
sponse occurs in the regional lymph nodes
draining the conducting airways; it in-
volves IgE production (4, 7, 8) as well as
IL-4 and IL-2 secretion by OV A-specific
CD4* T2 cells. This phase is halted by
the emergence of antigen-specific CD8*
T cells which release high levels of inter-
feron y (IFN-v) when cultured with OVA
(8). The OVA-responsive CD8" T cells
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express CD3, but surface a8 T cell recep-
tors (TCRs) were not detected with the
single TCR chain—specific antibody avail-
able for rat (9). Accordingly, the model
was reestablished here in the mouse, for
more detailed analysis.

IgE-selective “tolerance” to inhaled
OVA has:previously been demonstrated in
several strains of mice (7, 10), as has adop-
tive transfer of the phenomenon by splenic
Thy 1.2* T cells (7). Thus, repeated expo-
sure of C57Bl mice to aerosolized OVA
ablated their capacity to mount primary IgE
responses to parenteral challenge with
OVA plus aluminum hydroxide (AH) ad-
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juvant, without suppressing corresponding
IgG responses (7). Adoptive transfer of 10°
unfractionated splenocytes from such toler-
ized animals (11) inhibits IgE (but not IgG)
antibody responses to OVA (anti-OVA) in
the recipients (Fig. 1). Furthermore, the
CD8* splenocyte subpopulation mediated
inhibition of IgE (Fig. 1). The magnitude of
the overall IgG anti-OVA response did not
change significantly in aerosol-exposed
mice (Fig. 1). However, analysis of individ-
ual IgG subclasses (12) indicated that sup-
pression of the IgE response was accompa-
nied by decreased IgG1 reactivity and a
compensatory rise in [gG2a, whereas IgG2b
and IgG3 responsiveness remained essen-
tially unaltered.

The capacity of splenocytes to suppress the
IgE response was lost by depletion of yd+ T
cells (Fig. 2). In 10° splenocytes there are
roughly 3 X 10* y3 T cells. When this num-
ber of v8 T cells (purified to =98.5% by
positive selection) was transferred, suppres-
sion of IgE responses was comparable in mag-
nitude to that seen in animals receiving 10°
unfractionated cells.

Subsequent dose-response experiments
(Fig. 3) demonstrated that as few as 5 X 10?
positively selected y8 T cells are sufficient
for suppression of the IgE component of the
anti-OVA response. y8 T cells prepared by
negative selection [that is, depletion of af§
T cells (13)] from OVA-tolerant donors
yielded suppression of the IgE response
comparable to that achieved with positively
selected cells. We have shown previously
that adoptive transfer of splenocytes deplet-
ed of af™ T cells from OVA-tolerant rats
was capable of mediating antigen-specific
tolerance in the IgE isotype (9).

To test for the antigen specificity of ¥y T
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Fig. 1. Selective suppression of IgE anti-OVA responses by adoptive transfer of CD8* lymphocytes from
C57BI/6J mice rendered “‘tolerant” to OVA by repeated exposure (717). The CD8* population used here
was >99.5% pure, and the CD8~ population contained <0.4% of contaminating CD8" cells. Data
shown are the mean = SD (n = 5 to 10 per group) at day 21 (peak primary Ig response) and indicate
reciprocal log,(IgE and IgG) anti-OVA titers as determined by standard methods (8). Data from day 14 did
not alter interpretation of the results of these experiments. Open bars, IgE; hatched bars, IgG (asterisk,

<controls; P < 0.01).
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