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ABSTRACT The majority of T cells develop in the thymus
and exhibit well characterized phenotypic changes associated
with their maturation. Previous analysis of intestinal intra-
epithelial lymphocytes (IEL) from nude mice and a variety of
experimentally manipulated models led to the view that at
least a portion of these cells represent a distinct T cell
population that matures extrathymically. The IEL that are
postulated to mature within the intestine include both T cell
receptor (TCR) ab- and gd-bearing subpopulations. They can
be distinguished from conventional thymically derived T cells
in that they express an unusual coreceptor, a CD8a ho-
modimer. In addition, they can utilize the Fc receptor g-chain
in place of the CD3-associated z-chain for TCR signaling and
their maturation depends on the interleukin 2 receptor
b-chain. Moreover, TCRab1CD8aa1 IEL are not subject to
conventional thymic selection processes. To determine
whether CD32CD8aa1 IEL represent precursors of T cells
developing extrathymically, we examined IEL from knockout
mice lacking the recombination activating gene-1 (rag-1),
CD3«, or both Lck and Fyn, in which thymic T cell develop-
ment is arrested. CD32CD8aa1CD161 IEL from all three
mutant strains, as well as from nude mice, included cells that
express pre-TCRa transcripts, a marker of T cell commit-
ment. These IEL from lck2/2fyn2/2 animals exhibited TCR
b-gene rearrangement. However, CD32CD8aa1CD161 IEL
from «-deficient mice had not undergone Db-Jb joining,
despite normal rearrangement at the TCRb locus in thymo-
cytes from these animals. These results revealed another
distinction between thymocytes and IEL, and suggested an
unexpectedly early role for CD3« in IEL maturation.

Most T cells mature in the thymus and use several polypeptide
chains to transmit signals from their T cell receptors (TCRs)
to the cell interior, including the CD3 g, d, and « chains and
the associated z homodimer. Intestinal intraepithelial lympho-
cytes (IEL) of the small intestine contain a complex mixture of
T cells that includes both TCRab- and TCRgd-bearing pop-
ulations. A subset of these cells is unique in that the cells within
that subset express an unusual form of the CD8 coreceptor, a
CD8a homodimer (1, 2). This property distinguishes these IEL
from conventional CD8ab-expressing T cells that mature
within the thymus. In addition, CD31CD8aa1 IEL, which can
utilize the Fc receptor g-chain in place of the CD3-associated
z-chain for TCR signaling, develop in mice deficient for z,
whereas no mature CD41 or CD8ab1 T cells expressing high
TCR levels emerge from the thymuses of these animals (3–6).
Moreover, TCRab1CD8aa1 IEL are not subject to conven-
tional thymic positive and negative selection processes (1,

7–12) as are their thymically derived counterparts. These
differences, as well as their dependence on the interleukin 2
receptor b-chain for development (13), have led to the view
that at least a portion of IEL represents a distinct T cell
population that matures extrathymically within the gut epithe-
lium (14, 15). The detection of recombination activating gene
(RAG-1) and pre-TCRa (pre-Ta) transcripts in IEL from
severe combined immunodeficient (SCID) and nude mice,
respectively (16, 17), supports this scenario and suggests that
immature IEL rearrange their TCR genes and express pre-
TCRs in situ.

Phenotypic changes associated with thymopoiesis have been
documented extensively. It is proposed that a signal emanating
from the pre-TCRyCD3 complex results in maturation of
CD42CD82 thymocytes to the CD41CD81 stage and the
subsequent proliferation of these cells (18–21). Genetically
manipulated mice deficient for pre-TCRa or TCRb only
inefficiently generate CD41CD81 thymocytes and exhibit a
10- to 100-fold reduction in thymocyte number (18, 20).
During thymocyte development, the pre-TCR signal is thought
to be mediated by the nonreceptor protein tyrosine kinase
p56lck (Lck) or, in its absence, by p59fyn (Fyn). In mice lacking
both these src-family protein tyrosine kinases, maturation of
TCRab1 thymocytes is blocked at the CD44loCD251

CD42CD82 stage (22, 23). Finally, positive selection of
CD41CD81 thymocytes into mature CD41 or CD81 cells
generally requires a TCRab signal resulting from recognition
of a complex of self-peptide and major histocompatibility
complex product expressed in the thymic cortex (24).

Although signals that regulate thymopoiesis thus are well
characterized, little is known regarding the development of
TCRab1 intestinal IEL maturing in situ. CD32CD8aa1 IEL
are abundant in RAG-deficient and SCID mice (2, 15) and are
enriched in young, wild-type mice (25, 26), suggesting that
these cells are precursors of CD31 IEL. Kinetic studies suggest
that these IEL might arise from CD32CD8a2CD441 IEL
precursors and yield TCRgd1CD8aa1 IEL (25). These im-
mature IEL may derive from lymphoid progenitors, expressing
CD117 (c-kit) and interleukin 7R, resident in cryptopatches
within the lamina propria (27). Such cells recently have been
shown to repopulate the IEL and mesenteric lymph nodes in
irradiated SCID mice (28).

Our recent study of IEL in mice deficient for both Lck and
Fyn demonstrated that inefficient maturation of
TCRgd1CD8aa1 IEL could proceed, whereas appearance of
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mature TCRab1CD8aa1 IEL was completely abrogated (29).
IEL from these mice were slightly enriched for
CD32CD8a2CD441 and CD32CD8aa1CD161B2201 cells,
which may be precursors of CD31 IEL. To determine whether
CD32CD8aa1 IEL represent committed T cells, we evaluated
the expression of pre-Ta transcripts and TCR b-gene rear-
rangement in these IEL sorted from nude mice and mutant
mice in which T cell development is arrested. The data
presented indicate that the CD32CD8aa1CD161 IEL popu-
lation includes T cell progenitors. Moreover, analyses of IEL
from z-deficient mice revealed a unique maturation interme-
diate for TCRab1CD8aa1 IEL that expresses CD8a ho-
modimers and cytoplasmic TCR b-chains, but lacks detectable
surface TCR expression. Overall, these data are consistent
with the view that extrathymic T cell maturation in the small
intestine proceeds with TCR gene rearrangement within the
gut environment.

MATERIALS AND METHODS

Mice. Mice deficient for CD3« or z (3, 21) or both Lck and
Fyn (22) have been reported previously. RAG-1-deficient (30)
and C57BLy6J mice were purchased from The Jackson Lab-
oratory. All mice were maintained under specific pathogen-
free conditions.

Cell Preparation and Staining. IEL were isolated and
purified as described (29, 31) and were surface-stained as
reported (29). For cytoplasmic staining, surface-stained cells
were washed and fixed by incubation in 100 ml of 4% para-
formaldehyde in PBS for 20 min in the dark. After three
washes, the cells were permeablized in FACS buffer (balanced
salt solutiony2% fetal calf serumy0.8% sodium azide) plus
0.1% saponin and blocked for 5 min on ice with anti-FcgRIIy
III in saponin. Intracellular staining for TCRb was performed
by incubation on ice with anti-TCRb-f luorescein isothiocya-
nate (FITC), followed by three washes in 0.1% saponin in
FACS buffer.

Flow Cytometric Analysis and Sorting. Multiparameter
cytometric analysis was performed on a FACScan flow cy-
tometer with LYSIS II software (Becton Dickinson), and flow
cytometric analyses were plotted by using REPROMAN software
(Truefacts Software, Seattle, WA).

Cells for analysis of pre-Ta expression and TCRb gene
rearrangement were stained by using anti-CD3-FITC, anti-
CD16-PE, and anti-CD8a-TC. They were sorted on a FACStar
Plus (Becton Dickinson) into two populations, by first gating
on the CD3-negative lymphocytes and then collecting individ-
ually the CD32CD8a1CD161 cells and the remaining CD32

cells.
DNA–PCR Assay for Detection of TCR Gene Rearrange-

ment. High-molecular-weight DNA was prepared from frozen
cell pellets by using a QIAmp Blood Kit (Qiagen, Chatsworth,
CA). For unsorted cells, quantitation of DNA was performed
by spectrographic analysis. For sorted cells, starting cell num-
ber was used to equilibrate the input template between sam-
ples. Parallel analyses using Db2 and Jb2 PCR primers, which
amplify even the germ-line, unrearranged DNA, were used to
approximate the relative amount of template DNA in each
sample. Analysis of TCR b-chain gene rearrangement was
performed by using PCR primers, oligonucleotide probes, and
the conditions described previously (32, 33). Detection of TCR
g- and d-gene rearrangement using Vg5 and Jg1, Vd4 and Jd1,
and Vd5 and Jd1 primer pairs was as reported previously (34).

Reverse Transcription–PCR (RT-PCR) for Detection of
Pre-Ta Transcripts. Total cellular RNA was isolated from
sorted and unsorted cell populations by using RNAzol B
(Tel-Test, Friendswood, TX). cDNA was generated by using
random hexamers and reverse transcriptase, AMV-RT
(GIBCOyBRL), at 37°C for 1 hr. Primers used for PCR
amplification were: 59 primer, 59-TAGCGGATCCCTG-

CAACTGGGATCATGCTTC-39, which recognizes the extra-
cellular end of pTa, and 39 primer, 59-CAGAGGATCCTCA-
GAGGGGAGGGTAAGATC-39, which recognizes the cyto-
plasmic portion of pTa (35). Thirty-five cycles of PCR
amplification were performed (2 min at 94°C, 2 min at 58°C,
3 min at 72°C) in 50-ml reactions. PCR products were hybrid-
ized with a 32P-end-labeled oligonucleotide probe, 59-CAGA-
GGATCCCTACTTGCAGGTCAGGAGCACATCGA-39
(17), which spans the transmembrane region of pTa.

Amplification of cDNA for hypoxanthine-guanine phospho-
ribosyltransferase was performed in parallel reactions as de-
scribed previously (36).

RESULTS

Small Numbers of CD32CD8aa1 IEL Expressing Cytoplas-
mic TCR b-Chains Are Present in z2/2 Mice. Development of
thymocytes of the TCRab lineage is blocked at the
CD42CD82 stage in mice unable to express the components
of the pre-TCR or transmit its downstream signals because of
gene ablation (18, 20–23). Our previous analyses of the cell
surface phenotype of IEL from mice lacking RAG-1, or both
the src-family protein tyrosine kinases Lck and Fyn, suggested
that the maturation of TCRab IEL is arrested in these animals
(29). IEL lacking surface TCRab but expressing CD8a, B220,
and CD16 were readily detected in rag-12/2 mice (Fig. 1a and
ref. 29) and in lck2/2fyn2/2 animals (29). IEL with a similar
surface phenotype also were seen in mice lacking the CD3
component « (Fig. 1b). It has been suggested that such
CD32CD8aa1 IEL represent precursors of CD31CD8aa1

IEL (14, 15, 25).
Previous studies of z2/2 mutant mice demonstrated that

CD3-associated z-chains are needed for normal levels of TCR

FIG. 1. Some CD32CD8aa1 IEL from z2/2 mice express cyto-
plasmic TCR b-chains. IEL were isolated from the indicated mice and
stained for three-color flow cytometry by using anti-CD8a-TC, anti-
B220-PE, or anti-TCRb-PE, and anti-CD16-FITC. (a) IEL from 4- to
8-week-old mice were analyzed. Data are shown for lymphocytes
pregated on CD8a expression and are presented on a logarithmic
scale. cTCRb and sTCRb represent cytoplasmic and surface TCRb
expression, respectively. The percentage of CD8a1 cells falling within
each rectilinear gate is shown. (b) The data shown are for 6-week-old
«2/2 and z2/2 mice. Similar results were seen for 4- to 16-week-old
z-deficient mice analyzed in at least four independent experiments.
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surface expression and for normal development or survival of
CD41CD81 thymocytes (3–6). Although no CD41 or CD81

thymocytes are detectable in these animals, a few CD32CD41

or CD81 T cells are present in their peripheral lymph nodes.
In contrast, TCRab1CD8aa1 IEL development is diminished
but not eliminated in mice deficient for the CD3-associated
z-chains, with a few mature TCRab1 cells present (3–5). We
reasoned that z2/2 mice, which substitute the perhaps less
efficient TCR signaling via FcR g-chains, would provide a
source of IEL precursors uncontaminated with conventional T
cells and might allow us to identify additional intermediates of
IEL maturation.

As previously reported, comparison of IEL from z2/2 mice
with those from their heterozygous littermates revealed a lack
of TCRab1CD8ab1 and TCRab1CD41 cells, as well as a
paucity of TCRab1CD8aa1 and TCRgd1CD8aa1 IEL (data
not shown and refs. 3– 6). The small number of
TCRab1CD8aa1 IEL in z2/2 mice expressed only low levels
of surface TCRab (Fig. 1b and ref. 3). CD8a1 IEL in the z2/2

animals fell largely into two populations based on CD16 and
B220 expression: one expressing both, and the other lacking
expression of these markers (Fig. 1b). Furthermore, the ma-
jority of the CD8aa1CD162B2202 IEL express cytoplasmic
TCR b-chains but lack detectable surface TCRb expression
(Fig. 1b), indicating that these cells may represent intermedi-
ates along the TCRab1CD8aa1 IEL maturation pathway.
Such cells were not detected in mice lacking « (Fig. 1b),
consistent with the existence of an early developmental block
in these animals. One possible scheme for the developmental
pathway of TCRab1CD81 IEL is shown in Fig. 2a.

CD32CD8aa1CD161 IEL Express Pre-Ta Transcripts.
There has been much speculation that CD32CD8aa1 IEL

represent precursors of mature IEL (14, 15); however, because
these cells lack surface TCR but express CD8aa and CD16, the
FcR a-chain, it is formally possible that these cells are natural
killer or dendritic cells, or their progenitors. To determine
whether the CD32CD8aa1 IEL population includes T cell
precursors, we investigated whether these cells express tran-
scripts for pre-Ta. This surrogate TCR a-chain is expressed by
immature CD42CD82 thymocytes, but not by TCRgd thymo-
cytes, splenic NK cells, or other nonlymphoid tissues (17).
Recently, Bruno and coworkers demonstrated expression of
pre-Ta transcripts among bulk IEL prepared from nude mice
(17), but these studies did not focus on the CD32CD8aa1

possible precursor population.
To detect pre-Ta mRNA in sorted IEL subpopulations from

nude mice, we used a sensitive RT-PCR technique. Pre-Ta
transcripts were detected in CD32CD8aa1CD161 IEL (Fig.
3), indicating that this subpopulation includes T cell precur-
sors. Consistent with earlier reports (17), pre-Ta transcripts
were abundant in the immature thymocytes from the RAG-
1-deficient mice but were not detected in the mature T cells
among the C57BLy6 splenocytes (Fig. 3). Subsequent analyses
of sorted IEL from several mutant mouse strains that exhibit
a block in T cell maturation demonstrated pre-Ta transcripts
in CD32CD8aa1CD161 IEL from «2/2, lck2/2fyn2/2, and rag-
12/2 mice (Fig. 4). This indicated that the CD32CD8aa1CD161

IEL include committed T cells, although the pre-Ta message
levels were markedly lower than in thymocytes from these mice.

TCR Gene Rearrangement in CD32CD8aa1CD161 IEL.
TCR gene rearrangements are detected among thymocytes as
early as fetal day 11 and are a prerequisite for the expression
of TCR chains (37). Variable gene assembly is a lymphocyte-
specific process, in part because expression of products en-
coded by the recombination activation genes (rag-1 and rag-2)
is restricted to lymphoid precursor cells (38). To test further
the hypothesis that CD32CD8aa1CD161 IEL include lym-
phoid precursors committed to the T cell lineage, we used a

FIG. 2. Models of lineage relationships for developing
TCRab1CD8aa1 IEL. (a) This model is based on published studies
(2, 15, 25, 29) and the data for surface and cytoplasmic staining shown
in Fig. 1. Arrows indicate postulated developmental transitions. Cell-
size relationships are depicted relative to wild-type IEL. (b) This
model, where the surface phenotypes are as depicted in a, also
incorporates the data for pre-Ta expression and TCRb gene rear-
rangement presented in Figs. 4 and 5.

FIG. 3. Pre-Ta transcripts are expressed in CD32CD8aa1CD161

IEL from nude mice. RNA was extracted from sorted
CD32CD8aa1CD161 and CD32CD8a2 IEL isolated from nude
mice, and from thymocytes from rag-12/2 mice and splenocytes from
wild-type C57BLy6 mice. RT-PCR was performed by using pre-Ta-
specific or hypoxanthine phosphoribosyltransferase (HPRT)-specific
primers. Pre-Ta PCR products were detected by Southern blot analysis
with an oligonucleotide probe specific for the pre-Ta transmembrane
region. HPRT reaction products were visualized by ethidium bromide
staining.
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DNA–PCR strategy to examine the status of TCR gene
rearrangements among these cells. Vg-Jg and Vd-DdJd rear-
rangements were detected in sorted CD32CD8aa1CD161

IEL from «-deficient mice (data not shown). It should be noted
that a few mature TCRgd1 IEL were present in lck2/2fyn2/2

mice (29).
Although both Db-Jb and Vb-DbJb joining at the TCRb

locus occur predominantly in T cell precursors (39), detection
of Db-Jb but not Vb-DbJb rearrangements among B cells
suggests that Vb segment recombination to a DbJb complex
is a regulated, T lineage-specific step in TCRb gene rearrange-
ment (40, 41). Thymocytes from both lck2/2fyn2/2 and «2/2

mice are blocked at the CD42CD82 stage, and undergo both
Db-Jb and Vb-DbJb gene rearrangements (Fig. 5; data not
shown and refs. 21 and 42). However, sorted
CD32CD8aa1CD161 IEL from lck2/2fyn2/2 and «2/2 mice
exhibited distinct gene rearrangement patterns at the TCRb
locus. Both Db-Jb and Vb-DbJb gene rearrangements were
readily detected among CD32CD8aa1CD161 IEL from
lck2/2fyn2/2 mice (Fig. 5). In contrast, as with sorted IEL from
RAG-deficient mice that are unable to rearrange their TCR
genes, Db-Jb gene rearrangement was not detected among
purified CD32CD8aa1CD161 IEL from «2/2 mice (Fig. 5).
These data suggest that TCRb gene rearrangement is con-
trolled differentially in the thymus and intestine. Moreover,
they imply that CD3« may have an unexpectedly early role in
IEL maturation.

DISCUSSION

The data reported here confirm that CD32CD8aa1CD161

IEL include cells that exhibit characteristics of T cells that
distinguish them from natural killer and dendritic cells. We
demonstrated that pre-Ta transcripts are expressed in
CD32CD8aa1CD161 IEL (Figs. 3 and 4), extending the
earlier finding that pre-Ta-expressing cells are present in
bulk IEL from nude mice (17). Both Db-Jb and Vb11-DbJb
gene rearrangements were readily detected among

CD32CD8aa1CD161 IEL from lck2/2fyn2/2 mice (Fig. 5),
confirming that this IEL population includes T cell precursors.
However, we have not excluded the possibility that this entire
population, as defined by its surface phenotype, may also
include natural killer cells, dendritic cells, or their precursors.
Indeed, one interpretation of our data, indicating a low level
of pre-Ta transcripts in CD32CD8aa1CD161 IEL relative to
that seen for thymocytes from the same mice (Fig. 4), would
be that only a small subset of these IEL is expressing pre-Ta.

Surprisingly, although TCRb gene rearrangement was
readily observed among sorted CD32CD8aa1CD161 IEL
from lck2/2fyn2/2 mice, it was not detected in similar cells from
«2/2 animals (Fig. 5). In contrast, the block in thymocyte
development in these mice appears to be equivalent, because
CD42CD82 thymocytes from lck2/2fyn2/2 and «2/2 mice are
CD44loCD251 and have undergone TCRb gene rearrange-
ment (Fig. 5; refs. 21–23 and 42 and data not shown). We
cannot rule out the possibility that a small proportion of the
cells in these purified cell populations from «2/2 animals has
undergone TCRb gene rearrangement. However, the strong
germ-line band in the «2/2 lanes (Fig. 5), which demonstrates
ample DNA template for PCR amplification in this experi-
ment, and the fact that we could easily detect Db-Jb DNA
rearrangements among bulk «2/2 IEL that had been spiked
with 2% «2/2 thymocytes (data not shown), suggest that this is
an unlikely explanation for these results. Thus, at the level of
TCRb gene rearrangement, CD32CD8aa1CD161 IEL from
lck2/2fyn2/2 and «2/2 mice are not equivalent populations.

It is possible that CD32CD8aa1CD161 IEL may include at
least two distinct intermediates along the T lineage pathway,
the more mature of which has undergone TCRb gene rear-
rangement. The developmental block manifest in IEL from
«-deficient mice may be earlier than that in lck2/2fyn2/2 mice,
before the onset of Db-Jb rearrangement, but after expression
of pre-Ta (Fig. 2b) and TCRg and d gene rearrangement (ref.
29 and data not shown). It was surprising that expression of a
component of the TCR-signaling complex, CD3«, should
influence DNA rearrangement at the TCRb locus. However,

FIG. 4. Pre-Ta transcripts are expressed in CD32CD8aa1CD161 IEL from mice exhibiting a block in T cell development. RNA was extracted
from sorted CD32CD8aa1CD161 and CD32CD8a2 IEL isolated from pools of six 5- to 10-week-old mice of the indicated genotypes. Thymocytes
from the same animals and splenocytes from wild-type C57BLy6 mice served as positive and negative controls, respectively. RT-PCR and detection
of the amplification products were performed as for Fig. 3.
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this is not without precedent, because analyses of knockout
mice deficient for Igb, one of the signaling molecules associ-
ated with Ig heavy chains, have indicated that B cell develop-
ment is blocked at the immature CD431B2201 stage, after
DH-JH recombination but before VH-DHJH joining (43).

Analyses of thymocytes from mice deficient for both CD3«
and z carrying a constitutively active Lck transgene
(«2/2z2/2LckF505) indicate that expression of the transgene
results in the maturation of CD42CD82 thymocytes to the
CD41CD81 stage (K. Forbush, M.M., and R.M.P., unpub-
lished data). However, our studies of IEL subsets in these
«2/2z2/2LckF505 mice indicate no evidence for the LckF505

transgene driving IEL maturation (data not shown), whereas
in similar mice expressing CD3« («1/2z2/2LckF505), cells ma-
ture to the CD32CD8aa1 stage expressing cytoplasmic TCRb
chains (S.T.P., L.Y.B., J.A.H., M.M., R.M.P., and A.M.P.,
unpublished data). Taken together these studies further sup-
port our contention that CD3« expression influences early IEL
maturation.

The nature of the signal that drives the appearance of
CD32CD8aa1CD161 IEL that have undergone Vb-DbJb
gene rearrangement in lck2/2fyn2/2 mice, but that is absent in
their «2/2 counterparts, is not immediately apparent. These
more mature IEL that have completed TCRb gene rearrange-
ment are unlikely to arise from CD42CD82 thymocytes that
have undergone TCRb gene rearrangement, because thymo-
poiesis appears to advance to an identical point in both strains

of mice and such an explanation would predict, therefore, that
such cells should also be found in the intestine of CD3«-
deficient mice. Because TCRgd1 IEL are present in
lck2/2fyn2/2 but not «2/2 animals (ref. 29 and data not shown),
it is conceivable that these IEL may facilitate this maturation
step, perhaps via an unidentified mechanism similar to that
exhibited when TCRgd1 T cells drive the CD42CD82 to
CD41CD81 transition of host thymocytes upon injection into
SCID hosts (44).

The above data demonstrated the T cell commitment of at
least a subset of the CD32CD8aa1CD161 IEL, and our
examination of IEL from z2/2 mice revealed more mature IEL
committed to the TCRab lineage. Evidence suggests that
z-deficient IEL substitute the FcR g-chain for TCR signaling
(3–6), and perhaps because g includes only one immune
receptor tyrosine-based activation motif (ITAM) whereas z
has three, these z2/2 IEL mature only inefficiently (45). We
report here that z2/2 animals include significant numbers of
CD32CD8aa1cytoTCRb1 IEL lacking CD16 and B220 ex-
pression (Fig. 1b), which may represent developmental inter-
mediates of the TCRab lineage maturing within the intestinal
epithelium. Terhorst and coworkers (46) have reported recently
the maturation of IEL accompanied by the loss of CD16 and
B220 in response to anti-CD3« treatment or transfer of CD161

IEL into rag-22/2 mice. IEL from wild-type mice include negli-
gible numbers of these CD32CD8aa1cytoTCRb1 IEL lacking

FIG. 5. TCRb gene rearrangement is detected in CD32 IEL from lck2/2fyn2/2 but not «2/2 mice. DNA was purified from the indicated sorted
cell type and amplified in parallel reactions by using a 59 Db2- or Vb11-specific primer paired with a 39 primer immediately downstream of Jb2.6.
PCR products were detected by Southern blot analysis using a Jb2-specific oligonucleotide probe.
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CD16 and B220 expression, which might rapidly rearrange their
TCRa genes and mature to express surface TCRs. Cells with
a similar phenotype are found neither in the thymus nor
peripheral lymph nodes (data not shown). Moreover, these
IEL do not appear to be derived from CD41CD81 thymocytes
that have extinguished CD4 and CD8b expression because
they are not present in ZAP702/2 mice (S.T.P., Q. Kong, A. C.
Chan, and A.M.P., unpublished observations), which include
abundant populations of CD41CD81 thymocytes. This view is
supported further by analysis of the methylation state of the
CD8b gene among CD8aa1 IEL, which suggests these cells do
not arise from CD8b-expressing precursors (47).

Overall, these data support the existence of discrete devel-
opmental steps, identifiable by TCR gene rearrangement
status and cell surface phenotype, in the extrathymic matura-
tion sequence that underlies the emergence of
TCRab1CD8aa1 IEL from CD32CD8aa1 cells within the
small intestine. Although a body of evidence indicates distinct
T cell differentiation pathways operate in the intestine and
thymus, our data highlight an additional difference between
IEL maturation and thymocyte development and suggest an
unexpectedly early role for CD3« in IEL maturation.
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