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ABSTRACT Engagement of a–b T cell receptors (TCRs)
induces many events in the T cells bearing them. The proteins
that transduce these signals to the inside of cells are the
TCR-associated CD3 polypeptides and z–z or z–h dimers.
Previous experiments using knockout (KO) mice that lacked
z (zKO) showed that z is required for good surface expression
of TCRs on almost all T cells and for normal T cell develop-
ment. Surprisingly, however, in zKO mice, a subset of T cells
in the gut of both zKO and normal mice bore nearly normal
levels of TCR on its surface. This was because z was replaced
by the Fc«RI g (FcRg). These cells were relatively nonreactive
to stimuli via their TCRs. In addition, a previous report
showed that z replacement by the FcRg chain also might occur
on T cells in mice bearing tumors long term. Again, these T
cells were nonreactive. To understand the consequences of z
substitution by FcRg for T cell development and function in
vivo, we produced zKO mice expressing FcRg in all of their T
cells (FcRgTG zKO mice). In these mice, TCR expression on
immature thymocytes was only slightly reduced compared
with controls, and thymocyte selection occurred normally and
gave rise to functional, mature T cells. Therefore, the nonre-
activity of the FcRg1 lymphocytes in the gut or in tumor-
bearing mice must be caused by some other phenomenon.
Unexpectedly, the TCR levels of mature T cells in FcRgTG
zKO mice were lower than those of controls. This was par-
ticularly true for the CD41 T cells. We conclude that FcRg can
replace the functions of z in T cell development in vivo but that
TCRyCD3 complexes associated with FcRg rather than z are
less well expressed on cells. Also, these results revealed a
difference in the regulation of expression of the TCRyCD3
complex on CD41 and CD81 T cells.

Expression of the a–b antigen receptor on the T cell surface
(TCR) and TCR signal transduction are effected by a number
of polypeptides. These include the TCR-associated CD3 g, d,
and « chains, the z homodimer, and a number of intracellular
proteins (1–9). The signals transduced by these molecules can
lead to several different responses by the cell (10–14). Al-
though the cytoplasmic tails of the TCRyCD3 g, d, «, and z all
include immunoreceptor tyrosine-based activation motifs
[which can bind tyrosine kinases and participate in signal
transduction (1–9)], it is not clear that signaling via all of these
proteins has the same consequences for the T cell (6, 15, 16).
In addition, the g chain of the high affinity IgE receptor (FcRg
chain) and z chains are structurally homologous and can form
disulfide-linked homo- and heterodimers and associate with
other TCR chains (17–20). In attempts to study the functional

differences between these molecules in vivo, some of us and
other groups have generated knockout mice containing inac-
tivated z chain genes [zKO mice, (21–24)]. Thymocytes and T
cells in these mice expressed very low levels of surface TCR,
confirming the contribution of z to TCR expression on the cell
surface. Also, the zKO mice had very few mature thymocytes,
suggesting that z is crucial to T cell maturation.

zKO mice do not completely lack T cells bearing high levels
of TCR. A novel population of intestinal T cells in both normal
and zKO mice expresses TCR in which the FcRg chain
substitutes for the z chain (21, 23). This population is charac-
terized by expression of CD8 comprised only of CD8 a chains,
rather than the a–b CD8 dimers expressed on most mature T
cells. This population also is relatively nonresponsive to stim-
uli, such as anti-CD3 antibodies. The reasons for these differ-
ences are unknown. However, some T cells in animals carrying
solid tumors also express FcRg instead of z and are relatively
nonresponsive to stimulation via their TCRs (25). Therefore,
substitution of FcRg for z may lead to the nonresponsive
properties of the T cells in which this has occurred.
To test this idea and to examine from another perspective

the role of z in TCR expression and thymocyte development,
we produced mice transgenic for the FcRg chain and lacking
z (FcRgTG zKOmice). The results showed that substitution of
FcRg for z allows T cell development and does not inevitably
create nonresponsive T cells. Unexpectedly, however, mature
CD41 T cells in FcRgTG zKOmice bore less TCR than CD81

T cells did. The difference in effect between mature CD41 and
CD81 T cells suggests that the structure of the TCR and its
associated proteins and signal transduction cascades is not the
same in these two cell types.

MATERIALS AND METHODS

Mice. FcRg cDNA was fused downstream to the promoter
and enhancer elements of the mouse CD3 d gene derived from
a previously described DNA cassette (26). The transgenic mice
of C57BLy6 background were then bred with zKO mice (21)
to obtain FcRgTG1 zKO mice. The presence of the transgene
and deficiency in z were confirmed in these mice by anti-z
antibody (H-146; ref. 27) staining and by PCR of genomic
DNA. Six- to 12-week-old animals were used for experiments.
Except when otherwise noted, FcRgTG2 z1/2 (z1) and
FcRgTG2 zKO (zKO) animals served as controls. B10.BR and
BalbycnSn mice were purchased from The Jackson Labora-
tory. Mice deficient in b2-microglobulin and expressing H-2k
were bred in the Animal Care Facility, National Jewish Center,

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

Copyright q 1997 by THE NATIONAL ACADEMY OF SCIENCES OF THE USA
0027-8424y97y94616-6$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: TCR, T cell receptor; FcRg chain, g chain of the high
affinity IgE receptor; zKOmice, knockout mice containing inactivated
z chain genes; FcRgTG zKOmice, mice transgenic for the FcRg chain
and lacking z; SP, single-positive; MHC, major histocompatibility
complex.
†To whom reprint requests should be addressed.

616



from the F1 progeny of b2-microglobulin-deficient H-2b ani-
mals (Taconic Farms, Germantown, NY) and B10.BR mice.
Cell Purification. Cell suspensions were prepared as de-

scribed (28).
Quantitative Examination of FcRg mRNA Levels. Total

RNA was prepared from thymocytes or T cells as described
(29) and was converted into first strand cDNA using a kit
(GIBCO). A comparative semiquantitative PCR was done to
compare the amounts of FcRg gene message in the various cell
populations. The PCR conditions used were 958C for 30 sec,
608C for 50 sec, and 728C for 60 sec, for a total of 35 cycles. A
ubiquitous gene, GaS, was used as an internal control message
for the cDNA synthesis and PCR (30). The 59 primer for both
the GaS and the FcRg genes was conjugated with fluorescein.
The intensity of the amplified DNA bands from 2-fold serial
dilutions of cDNA templates was quantitated using a fluoro-
imager (Molecular Dynamics). The intensities of the FcRg
bands at cDNA dilutions of CD4 and CD8 T cells (which gave
rise to comparable intensities of the reference GaS cDNA
bands) were compared.
Western Blot Analysis. Cells were lysed in 0.5% Triton

X-100 (Pierce) lysis buffer (150 mM NaCly1 mM EDTAy20
mM Trisy10.8 mM iodoacetamidey1 mM phenylmethylsulfo-
nyl f luorideypeptidase inhibitors). Proteins were separated by
electrophoresis on 15% nonreducing SDSypolyacrylamide gels
and transferred to poly(vinylidene difluoride) membranes
(Immobilon; Millipore). Membranes were blocked by incuba-
tion in 5% nonfat milk or BSA buffer and then blotted with
anti-FcRg antiserum (18) or anti-CD3 « antiserum (Dako).
Proteins were detected using an enhanced chemiluminescent
detection kit (Amersham).
Staining with Antibodies. Staining of thymocytes and lymph

node cells was done as described (28).
Mouse Immunization and Production of T Cell Hybrid-

omas.Mice were immunized in the base of the tail with chicken
ovalbumin 323-339 or mouse Ea 52-68. Both of these peptides
are known to bind to I-Ab, the class II major histocompatibility
complex (MHC) protein expressed in the mice used for these
experiments (31, 32). Seven days later, cells were harvested
from the draining nodes of these animals and incubated for 4
days with the appropriate antigenic peptide and then 3 days
with interleukin 2 before fusion with an a2–b2 TCR variant
of the thymoma BW5147. Hybrids were selected, grown, and
tested for response to I-Ab or antigenic peptide plus I-Ab by
standard techniques (33). Spleen cells from C57BLy10 mice
were used as presenting cells.
In Vitro Responses and Cytotoxic T Cell Assays. T cells

were titrated for their proliferative response to peptide
antigens or anti-TCR antibody bound to plastic or to allo-
geneic spleen cells by standard techniques (34). The Ea
52-68 or chicken ovalbumin peptide 323-339 was used as
antigen at 10 mM. Antibodies used for stimulation were fixed
to Immulon 4, 96-well, f lat-bottomed plates (Dynatech) at a
concentration of 10 mgyml during an overnight incubation at
48C or for 4 h at 378C. Cells were cultured in these wells for
72 h at 378C and incubated with 1 mCi (1 Ci 5 37 GBq) of
[3H]thymidine (Amersham) per well during the last 16–18 h
of incubation. Cells were harvested on a Harvester 96 Mach
III M (Tomtec, Orange, CT), and incorporation was deter-
mined on a Microbeta PLUS liquid scintillation counter
(Wallac, Turku, Finland).
Primary mixed lymphocyte reactions were done using

splenocytes from B10.BR (H-2k) and B10.BR mice lacking
functional b2-microglobulin genes as class I positive and
negative allogeneic stimulators, respectively. Splenocytes from
C57BLy10 (H-2b) mice were used as syngeneic stimulators.
Responder splenocytes (5 3 105ywell) were incubated with
irradiated stimulators (53 105ywell) for 4 or 5 days. During the
last 16–18 h of incubation, 1 mCi of [3H]thymidine was added
and cells were harvested.

Allospecific cytotoxic effector T cells were generated by
culturing responder splenocytes (5 3 106yml) with irradiated
splenocytes from Balbyc H-2d mice as allostimulators (2–5 3
106yml). Exogenous interleukin 2 was added at 10 unitsyml to
the culture after the first 2 days of the 6-day culture. Tumor
target cells were labeled with Na51Cr (100 mCiy106 cells in 200
ml medium) for 2 h at 378C, washed, and incubated (5000
cellsywell) with effector cells at various ratios in V-bottom
plates. Effector cells were then incubated at 378C with tumor
target cells with or without the anti-CD8 antibody YTS-169.4.2
(1 mgy106 effectors; ref. 35) in a standard 4-h 51Cr release
assay. The percentage of specific lysis was calculated as
described (34).

RESULTS

The FcRg Chain Allows Thymocyte Maturation. Expression
of the FcRg transgene in thymocytes and T cells of FcRgTG
zKO mice was demonstrated using PCR. Expression of the
FcRgTG transcript could be detected in the thymuses and
mature peripheral CD41 or CD81 T cells of FcRgTG zKO
mice but not in those of the same cell populations from
nontransgenic z1 or zKO mice (data not shown). Analysis of
the thymuses showed, as described before, that the thymuses
of zKO mice contained very few cells. Expression of the FcRg

FIG. 1. The FcRg transgene restores T cell development in zKO
mice. (a) The FcRg replaces z in allowing normal development in
thymus. Thymuses were removed from various types of mice. Their
cellularities were as follows: zKO, 306 123 106; FcRgTG zKO, 1106
21 3 106; and z1, 140 6 18 3 106. Thymocytes were stained with
fluorescein isothiocyanante–anti-CD8, phycoerythrin–anti-CD4, and
biotin–anti-TCR plus cychrome–streptavidin. (b) Double-positive thy-
mocytes from FcRgTG zKO mice express nearly normal levels of
TCR, but these levels are reduced on SP thymocytes, particularly the
CD41 SP thymocytes. (c) Mature peripheral T cells in FcRgTG1 zKO
mice express TCR at lower levels than those of thymocytes and mature
T cells in z1 mice.
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transgene restored the cellularity of thymuses in mice lacking
z to relatively normal levels (Fig. 1a). The thymocytes from
these animals were stained for CD4, CD8, and TCR expres-
sion. As shown in Fig. 1a, the thymuses from zKO mice
contained very low percentages of mature CD41CD82 and
CD42CD81 single-positive (SP) thymocytes, indicating, as
previously shown, that thymocyte maturation was very ineffi-
cient in these animals (21–24). As suggested by its effects on
thymus cellularity, however, expression of the FcRgTG re-
stored the population of SP thymocytes. Hence, the FcRg
chain could substitute for z in allowing relatively normal
development of mature thymocytes.
The FcRg Partially Restores TCR Levels on Thymocytes

and T Cells in zKOMice. Previous experiments have suggested
that z is important for thymocyte development not because it
is involved in signal transduction during positive selection but
rather because it contributes to the appearance of the TCR at
high levels on the surface of immature thymocytes (36). This
was shown by introduction of a z transgene lacking its cyto-
plasmic tail into zKO animals. The tailless z transgene restored
the levels of TCR on thymocytes from the undetectable
amounts in zKOs to higher amounts and restored nearly
normal thymocyte maturation patterns to the zKO animals.
Therefore, the finding described above (that FcRg could
substitute for z in allowing thymocyte maturation) suggested
that this polypeptide facilitated the appearance of TCR on the
surfaces of thymocytes.
To test this idea, we measured the TCR levels per cell on

various thymocyte and mature T cell populations in the
different types of mice. The levels of TCR on the immature,
double-positive thymocytes of FcRgTG zKO animals were
higher than on the same cells from zKO mice but were lower
than on those of z1 mice (Fig. 1b; Table 1). It is difficult to
estimate exactly how much lower these levels were because the
levels were estimated as the average of all double-positive
thymocytes, even though some of these cells in both types of
mice bore no TCR.
In normal mice, TCR levels per cell increase during

thymocyte maturation and then remain approximately con-
stant after the cells enter peripheral lymph nodes and spleen.
Mature CD41 thymocytes and T cells bear somewhat more
TCRs per cell than mature CD81 cells. In FcRgTG zKO
animals, the TCR levels per cell also increased during
thymocyte maturation, except that, unlike the situation in z1

animals, CD81 cells expressed higher TCR levels than CD4
cells. Although TCR levels per cell dropped when thymo-
cytes became mature peripheral T cells in control mice,
unexpectedly, in FcRgTG zKO mice, TCR levels per cell fell
even more markedly after the cells had left the thymus. This
was particularly true for CD41 cells. Thus, in these mice, the
TCR levels on CD81 lymph node cells were 50% of those on
CD81 thymocytes, but TCR levels on CD41 T lymph node
T cells were 25% of those on CD41 thymocytes. In fact, the
levels of TCR on peripheral CD41 T cells in FcRgTG zKO

mice were only slightly higher than those of CD41 cells in
zKO animals (Fig. 1 b and c; Table 1).
The upshot of these phenomena was 2-fold. First, TCR

levels were higher on CD41 cells than on CD81 cells in z1mice
whereas they were higher on CD81 cells than on CD41 cells
in FcRgTG zKO mice. Second, the difference between TCR
levels in FcRgTG zKOmice and z1mice becamemore marked
as the cells matured. For example, CD81 SP thymocytes from
FcRgTG zKO animals stained on average about one-third as
intensely as their z1 counterparts, with some overlap in the
staining of these cells from the two types of mice. For mature
CD81 lymph node T cells, on the other hand, FcRgTG zKO
cells stained only one-fifth as well as their z1 counterparts, and
there was virtually no overlap between the two staining profiles
(Fig. 1 b and c; Table 1).
Comparative semiquantitative PCRs and Western blot

analyses were done to find out whether the difference in
TCR level between mature CD41 and CD81 T cells was due
to low expression of the FcRg transgene in these cells. After
normalization for expression of GaS, a ubiquitous gene, the
results of PCR showed that the FcRg transgene was ex-
pressed well in mature T cells and, in fact, was expressed
slightly better in mature CD41 T cells than it was in mature
CD81 cells (Fig. 2a). Western blot analyses were done to
check that mRNA levels ref lected protein expression in the
cells. These analyses revealed that whole cell lysates from
CD4 and CD8 T cells contained comparable amounts of
FcRg protein per cell as well as comparable amounts of a
control protein, CD3 « (Fig. 2b).
Low TCR expression on mature T cells was not due simply

to expression of the FcRg transgene because cells from z1mice
that were also positive for the transgene did not have unex-
pectedly low levels of TCR on their surfaces. On the contrary,
the levels of TCR on T cells from z1 (actually z1/2, see above)
mice, usually about half of those on z1/1 cells, were almost
doubled by coexpression of FcRg (data not shown).
Staining experiments also revealed that the CD8 protein on

the mature T cells in FcRgTG zKO mice was made up of CD8
a–b heterodimers (data not shown). Therefore, CD8 on these
cells did not have the CD8 a–a composition found on other T
cells that have been found to express FcRg instead of z (data
not shown; ref. 37).
The Mature T Cells in FcRg zKO Mice Are Functional.

CD41 T cells isolated from the FcRg zKO mice proliferated
as vigorously as cells from z1 animals in response to stimula-
tion by anti-TCR antibodies (Fig. 3a). The CD41 T cells also
were tested in experiments in which spleen and lymph node T
cells from the mice were challenged with allogeneic spleen
cells bearing either allogeneic class I and class IIMHCproteins
or only allogeneic class II. Although the T cells from FcRgTG
zKO mice responded well to stimulation with cells bearing
allogeneic class I and class II proteins, they did not respond
significantly to spleen cells bearing only allogeneic class II (Fig.
3c). These results suggested that the CD81T cells of these mice
were fully functional but that the CD41 T cells might not be.
To test the latter idea in greater detail, FcRgTG zKO, zKO,
and z1 mice were primed with peptide antigens mouse Ea
peptide 52-68 or chicken ovalbumin peptide 323-339. Both of
these peptides are known to bind to I-Ab, the class II MHC
protein expressed in the mice used for these experiments (31,
32). After priming, T cells from FcRgTG zKO and z1 mice
responded well to the antigen in vitro (Fig. 3b), and functional
CD41 T cell hybridomas could be produced with ease from
these cells (see below). T cells from zKOmice did not respond
well and did not give rise to antigen-specific T cell hybridomas
after fusion (see below).
The idea that CD81 T cells from FcRgTG zKO animals

could respond was confirmed by the generation of cytotoxic T
cells. Spleen and lymph node T cells from the various types of
mice were stimulated in vitro with allogeneic spleen cells from

Table 1. TCR levels are low on thymocytes and T cells in
FcRgTG zKO mice

Cell type

Mean channel staining with
anti-Cb in mice

zKO FcRgTG zKO z1

CD41CD81 thymocytes* 4.0 6 1.0† 6.4 6 1.6 13.7 6 2.5
CD41 thymocytes 4.6 6 0.5 27.1 6 5.1 215.6 6 15.0
CD81 thymocytes 4.4 6 0.4 49.7 6 9.4 152.8 6 19.9
CD41 lymph node T cells 4.7 6 0.7 6.5 6 1.3 133.6 6 4.7
CD81 lymph node T cells 5.6 6 1.2 24.6 6 3.2 124.2 6 6.0

*Gated on all CD41CD81 thymocytes even though some are TCR2

because the TCR1 and TCR2 populations could not be distinguished
clearly (see Fig. 2b).
†Data are given as the mean 6 SE of five independent assays.
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H-2d mice. After the mixed lymphocyte reactions, the T cells
were tested for their ability to kill M12.C3 and P815 cells, cells
that bear class I proteins of the H-2d type. As shown in Fig. 3d,
T cells from the FcRgTG zKO mice, after stimulation, could
kill class I MHC1 target cells specifically in a CD8-dependent
fashion.
T Cells in FcRgTG zKO Mice Are Tolerant to Self. Several

hypotheses can be suggested to account for the low levels of
TCR on mature T cells in FcRgTG zKO mice. Some of these
invoke the mechanisms of tolerance. For example, if substi-
tution of FcRg for z was to interfere somehow with deletion
of potentially autoreactive T cells in the thymus, low levels of
TCR on their descendants, once mature, might be induced by
constant exposure to self antigen in the periphery. We set out
to test the notion directly in two ways.
First, we examined the use of Vb by mature T cells in the

FcRgTG zKO mice. Unfortunately, this analysis could only be
done for CD81 T cells because their very low levels of TCR

precluded such an examination of CD41 mature T cells. The
results showed that the percentages of CD81 T cells bearing
various Vbs were not deleted by the C57- and 129-derived
mouse mammary tumor virus 8, 9, and 17 superantigens
expressed in these mice nor by virus superantigens 3 and 13,
which might have been inherited from the 129 parent (data not
shown). All of the animals in these experiments expressed
I-Ab, which participates in only weak reactions between mouse
mammary tumor virus superantigens and their targets, so the
assay was not very sensitive to low levels of rescue from
deletion by substitution of z by FcRg.
To test the idea that thymus tolerance might be defective in

the experimental mice, the animals were primed with antigens.
T cell hybridomas were produced from the antigen-specific T
cell blasts and tested for their ability to respond to self class II
MHC, I-Ab, in the absence or presence of antigenic peptides.
T cell hybridomas produced from FcRgTG zKO mice ex-
pressed TCR and CD4 at the same high levels as those
produced from z1 or wild-type animals (data not shown).
Thus, the lower TCR expression on the CD41 T cells in
FcRgTG zKO mice could be restored by fusion to BW5147,
which expresses z. Although some of the T cell hybridomas
produced from FcRgTG zKO did respond to syngeneic spleen
cells in the absence of antigenic peptides, the frequency of
these autoreactive hybridomas was not particularly higher
among the hybrids produced from FcRgTG zKO T cells than
it was among the hybrids produced from z1 T cells (Table 2).
On the other hand, although only five T cell hybridomas were
obtained from zKOmice, one of the five T cell hybridomas was
autoreactive. Therefore, this experiment did not support the
idea that the T cells in FcRgTG zKO mice bear potentially
autoreactive TCRs.

DISCUSSION

As we have shown previously, thymus cellularity is greatly
reduced, and TCR expression on thymocyte surfaces is at
almost undetectable levels in mice lacking z (21). The exper-
iments in this study showed that FcRg can substitute, to some
extent, for z in allowing expression of surface TCR in vivo, a
result that is consistent with previous in vitro studies (5, 18, 20,
38). As far as this function is concerned, the FcRg chain
operates quite effectively in immature thymocytes but less well
in mature thymocytes and even less effectively in mature T
cells, particularly those bearing CD4. The reasons for this
interesting phenomenon remain obscure. It is unlikely that
FcRg availability caused the lowered TCR expression. The
FcRg transgene is well expressed in bothmature CD4 and CD8
T cells and easily can be detected using PCR and Western blot
analysis. The phenomenon does not appear to be driven by an
immune response, for example, by reactivity of the mature T
cells with their hosts. It may not be due to interference in
TCRyCD3 assembly by FcRg because TCR levels actually
increased on T cells from z1/2 mice that also expressed the
FcRg transgene.
The phenomenon may be due to some altered biochemical

events associated with FcRg expression in the absence of z in
mature T cells. The fact that the ratio of TCR expression on
cells in FcRgTG zKO mice and z1 animals decreased as the
cells matured might provide a clue to the alteration. For
example, the phenomenon might be related to differences in
the half-life of TCRs on the surfaces of different types of cells.
FcRg-bound TCRs might have a shorter half-life than TCRs
engaged with z, and double-positive thymocytes, with their
short half-lives and relatively active TCR synthetic machinery,
may be able to compensate for this more easily than the
longer-lived, mature thymocytes and peripheral T cells.
Alternatively, the phenomenon may be related to changes in

the intracellular signaling pathways that are unique to the
FcRg chain. It is possible that the fall in TCR expression

FIG. 2. (a) Mature CD41 T cells expressed more transcripts of the
transgene than mature CD81 T cells. Comparison of the amount of
PCR-amplified cDNA of CD41 and CD81 T cells from FcRgTGmice
was made at three different cDNA dilutions, at which the amplified
DNA band intensities of a reference cDNA, GaS, were comparable.
The FcRg PCR product is the lower band. The y axis represents
arbitrary units of the ratio of DNA band intensity of FcRg and GaS.
(b) Mature CD41 T cells expressed the same, if not more, FcRg
protein as CD81 T cells. Whole cell lysates of 5 3 106 CD41 or CD81

cells were run on reducing SDSyPAGE, blotted, and probed with
anti-FcRg antibody as described. After detection, the membranes were
stripped and reblotted with anti-CD3 « antisera.
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observed during thymocyte maturation in FcRgTG zKO an-
imals may be due to changes in the tyrosine kinases associated
with the TCR as the cells develop. If so, the fact that the
consequences are more profound for CD41 T cells than they
are for CD81 cells may reflect differences in TCR-associated
tyrosine kinases between the two cell types, an idea that has

already been suggested in ZAP-70-deficient individuals, al-
though admittedly only in humans and not in mice (39–42). In
addition, p56lck, a Src family kinase, may play a role in the
differential expression of the TCR. For example, it has been
shown that p56lck, which associates with a larger proportion of
CD4 than with CD8, may regulate TCR expression levels
(43–45). It is possible that the preferential association of p56lck
with CD4 may result in CD41 thymocytes and T cells express-
ing lowered levels of TCRs containing FcRg but not z. Our
future experiments will test these hypotheses.
This study was based on previous findings that intraepithe-

lial T lymphocytes from the gut of zKO and normal mice or T
cells from tumor-bearing animals in which z has been replaced
by FcRg lack reactivity to stimuli via their TCRs (21, 25). Of
interest, the experiments shown above demonstrate that the
nonreactivity of the novel population of T cells from normal
mouse intestine or from tumor-bearing animals is not due
solely to this substitution. Clearly, cells with such substitution

FIG. 3. T cells from FcRg zKO mice are functional. (a) CD41 T cells from FcRg zKO mice respond to anti-TCR antibody. Purified CD41 T
cells from FcRg zKO, zKO, and z1 mice were titrated for response to anti-TCR Cb antibody bound to plastic as described. In addition, T cells
from FcRg zKO and z1 mice showed similar proliferative responses to various amounts of anti-TCR antibody after antibody titration whereas T
cells from zKO did not respond well to the antibody at the tested concentrations (data not shown). (b) T cells from FcRg zKO mice respond well
to an antigenic peptide. Mice were primed with the mouse Ea peptide 52-68, and T cells from these animals were titrated for their activity to respond
to in vitro challenge with Ea 52-68 as described. (c) CD81 but not CD41 T cells from FcRg zKO mice respond in primary mixed lymphocyte
reactions. Spleen and lymph node cells from FcRg zKO, zKO, and z1 mice were titrated for their ability to respond to stimulator cells bearing
the allogeneic class I and class II proteins of H-2k (Left), allogeneic class II of H-2k without class I (Center), and syngeneic class I and class II of
H-2b (Right). Cultures were set up as described. The target and responding cells in the various reactions are indicated. (d) CD81 T cells from FcRg
zKO mice can become cytotoxic effector cells. H-2d-specific cytotoxic T cells were generated from FcRg zKO, zKO, or z1 mice by culture with
spleen cells from H-2d mice as described. Cytotoxic T cells generated in these cultures were assayed by killing H-2d-bearing M12.C3 and P815 target
cells. Stimulators and responding cells are indicated.

Table 2. Frequency of T cell hybridomas reactive to self MHC
with or without exogenous antigen

Source of T
hybridomas

Responds to C57BLy10, % (n)

Without OVA 323-339 With OVA 323-339*

zKO 20 (1y5) 0 (0y5)
FcRgTG zKO 7 (10y144) 75 (108y144)
z1 4 (4y96) 80 (77y96)

OVA, ovalbumin.
*Similar percentages of autoreactive and antigen-reactive hybridomas
were obtained from mice primed with Ea 52-68 peptide.

620 Immunology: Liu et al. Proc. Natl. Acad. Sci. USA 94 (1997)



in their TCR can respond vigorously to many stimuli. The lack
of reactivity of the FcRg1 intraepithelial lymphocytes or cells
from tumor-bearing animals must therefore be caused by some
other phenomenon.
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