Requirement for CD8 3 Chain in Positive
Selection of CD8-Lineage T Cells

Kei-ichi Nakayama,* Keiko Nakayama,* Izumi Negishi,
Keisuke Kuida, Marjorie C. Louie, Osami Kanagawa,
Hiromitsu Nakauchi, Dennis Y. Loht

CD8 is either an aa homodimer or an ap heterodimer, although most peripheral CD8-
lineage T cells express only the CD8af heterodimer. The physiological function of CD8B
was elucidated with mice that were chimeric for the homozygous disruption of the CD8B
gene. The CD8B~/~ T cells developed normally to CD4*CD8* stage, but did not efficiently
differentiate further, which resulted in few peripheral CD8* T cells. The number of pe-
ripheral CD8* T cells was restored by transfer of an exogenous CD8pB gene into CD8B-
deficient T cells. Thus, CD8B is necessary for the maturation of CD8* T cells.

CD8 and CD4 are glycoproteins, expressed
on both thymocytes and mature T cells,
that act as coreceptors for the T cell antigen
receptor (TCR) (I). CD8 binds to the
nonpolymorphic regions of class I major
histocompatibility complex (MHC) mole-
cules, whereas the TCR recognizes peptide
antigens in conjunction with the polymor-
phic regions of MHC molecules (2, 3).
CD8 can be expressed as’an aa homodimer
or an aff heterodimer; surface expression of
the CD8 B chain is dependent on expres-
sion of the CD8 a chain (1). Most periph-
eral T cells exclusively express the CD8«B
heterodimer (4, 5). Functional and devel-
opmental studies of the CD8 molecule have
focused primarily on the « chain. The
CD8aa homodimer is sufficient for the
binding to the a3 domain of class | MHC
and for reconstitution of T cell response
when hybridoma systems are used (6).
Transfection experiments with T cell hy-
bridomas suggested that CD8B may in-
crease the avidity between T cells and
antigen-presenting ‘cells, or broaden the
specificity for the binding to MHC mole-
cules under certain limiting conditions (7).
However, little is known about the physio-
logical function of CD8B and its role in the
development of T cells.

We evaluated the function of CD8B in
lymphocyte development. We made ho-
mozygous mutations (8) in exon 2 of the
CD8B gene that eliminated most_ of the
immunoglobulin-like domain that is impor-
tant for the binding to MHC molecules (9).
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In rodents and humans, aberrant splicing
connecting exons 1 and 3 has never been
detected (3, 10). These constructs were
introduced into embryonic stem (ES) cells
by sequential homologous recombinations
(Fig. 1, A to C) (11). Homologous recom-
bination events were screened by polymer-
ase chain reaction (PCR) and verified by
Southern (DNA) blot analysis (Fig. 1D).
Independent ES cell lines (from mouse
strain 129) bearing homozygous mutations
at the CD8B locus (CD8B~/~) from two
distinct parental ES cell lines, E14 and D3,
were obtained. We injected the mutant ES

A pepo- NEOW

cells (CD8B™'") or parental ES cells
(CD8B*'*) into mouse strain C57BL/6
blastocysts (CD8B*/*) and generated chi-
meric mice (designated as knockout chime-
ra or control chimera, respectively). Blas-
tocyst-derived cells provide an experimen-
tal internal control from the same animal as
long as they are phenotypically distinguish-
able from the ES-derived cells. The ES
cell- and blastocyst-derived T lymphocytes
in the chimeric mice could be distinguished
with a monoclonal antibody (mAb) to Ly-
9.1, a cell surface marker that is found on
129, but not on C57BL/6, strain cells (8).

Cells from lymphoid organs of the chi-
meric mice were stained for three-color flow
cytometric analysis with antibodies to CD4,
CD8a, CD8B, and Ly-9.1 (12). We tested
for the surface expression of CD8B on
Ly-9.1% (ES-derived) and Ly-9.1~ (blasto-
cyst-derived) cells from control or knockout
chimeras (Fig. 2A). No expression of
CD8B was detectable on Ly-9.1* cells from
knockout chimeras, whereas CD8B was ex-
pressed normally on either Ly-9.1 cells or
Ly-9.1% cells from control chimeras which
were generated by the injection of
CD8B*'* ES cells. This indicates that the
deletion introduced in exon 2 abrogated the
expression of CD8B.

The Ly-9.1* thymocytes from control and
knockout chimeras were examined for CD4

and CD8a expression (Fig. 2B). The
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CD4*CD8a* thymocytes seemed to develop
normally in the absence of CD8B, suggesting
that CD8p is dispensable for early develop-
ment of thymocytes and that CD8a expres-
sion is independent of the presence of CD8p,
consistent with previous transfection studies
(13). The CD4*CD8a~ thymocytes also ap-
peared normal. In contrast, however, the
percentage of CD4~CD8a* B~ thymocytes in
the knockout chimeras were decreased com-
pared with CD4~CD8a*B™* thymocytes in
the control chimeras. In addition, Ly-9.1*
thymocytes from chimeric mice generated by
injection of CD8B */~ ES cells showed normal
development (14), suggesting that it is unlike-
ly that targeted allele of CD8B produced any
significant amount of “dominant negative”
molecules.

The reduction of CD4-CD8a* T cells
in the absence of CD8B was even more
evident in the periphery. Few CD8a™ cells
were detected in the absence of CD8B,
which increased the CD4:CD8 ratio (nor-
mally about 3:1 in 129 strain) to more than
40:1 (Fig. 3). The CD8a*B~ phenotype is
prominent among CD8* T cells from athy-
mic mice and rats, whereas CD8% T cells
from euthymic animals almost exclusively
express CD8a*B* (5, 15). This suggests
that the generation of CD8a*B* T cells is

B CDBﬁ+I+

CD8a

Fig. 2. (A) Flow cytometric analysis of Ly-9.1
and CD8B expression. Lymph node cells from a
control chimera (left panel) and a knockout
chimera (right panel) were stained and ana-
lyzed by flow cytometry. The Ly-9.1~ cells are
derived from blastocyst (C57BL/6 strain),
whereas Ly-9.1+ cells are derived from ES cells
(129 strain). Note that there are no Ly-9.1*/
CD8B+* cells in the knockout chimera. (B) Flow
cytometric analysis of CD4 and CD8a expres-
sion on Ly-9.1* (ES-derived) thymocytes. Thy-
mocytes from a control chimera (left panel,
CD8B*'*) and a knockout chimera (right panel,
CD8B~'~) were stained and analyzed by flow
cytometry. The data were gated on Ly-9.1+
cells. Note that the CD4*CD8a~:CD4~-CD8a*
ratio is 2:1 in the control chimera and 13:1 in
the knockout chimera.
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thymus-dependent, whereas CD8a*B~ T
cells can be generated by an extrathymic
maturation pathway that may not require
CD8B expression. The residual (<1%)
CD8a*B~ T cells in the CD8B knockout
chimeric mice were possibly from such an
extrathymic pathway (5, 15).

To test that the lack of CD8" T cells
was due to the absence of CD8B and not to
possible mutations occurring during the ma-
nipulation of ES cells, we did gene transfer
experiments to CD8B™/~ ES cells (16).
These CD8B™/~ ES cells carrying a single
copy of the transfected CD8B gene were
injected into C57BL/6 blastocysts, resulting
in the generation of chimeric mice. The
expression of CD8B on Ly-9.1" T cells was
restored (Fig. 3, A and B). The CD8" T
cells appeared in the periphery, so that the
CD4:CDS8 ratio became about 5:1 (Fig.
3C). The reason why the degree of
CD4:CD8 ratio was not fully restored to
normal (3:1) is probably because the ex-
pression of the transfected CD8B in the
thymus was lower than in normal cells (Fig.
3A). In contrast, the amount of CD8f
expressed on the peripheral T cells was
equivalent to normal cells (Fig. 3B). These
findings suggested that only thymocytes ex-
pressing CD8B over a certain threshold
were positively selected. On the basis of
these data, we conclude that CD8B is not
only necessary, but the amount of CD8
affects the maturation of CD8* T cells. The
CD8aa homodimer cannot efficiently me-
diate differentiation from CD4*CD8* to
CD4~-CD8™* thymocytes.

It has been suggested that the fate of
developing T cells is determined on the

basis of the affinity of the TCR for the
antigen-MHC complex (the affinity model)
(17). According to this model, immature
thymocytes expressing high-affinity TCRs
for self ligands presented by self-MHC mol-
ecules are deleted (negative selection),
whereas those with low-affinity TCRs are
allowed to mature (positive selection) (17).
In TCR transgenic mice, the amount of
CD8 expressed on peripheral CD8 T cells
varies with different MHC molecules for a
fixed TCR, which suggests that CD8 con-
tributes to the affinity between TCR and
peptide-MHC complexes (18). TCR trans-
genic mice that lack CD8 molecules need
CD8 for positive selection but differentially
require it for negative selection of T cells
during thymic development (19). This is
consistent with the hypothesis that CD8
contributes to the total avidity between T
cells and antigen-presenting cells during
thymic selection (20). Other evidence was
obtained by the overexpression of CD8 in
transgenic mice. In double transgenic mice
(TCR transgenic X CD8 transgenic mice),
the overexpression of CD8 alters the fate of
thymocytes from positive selection to neg-
ative selection (21). The threshold for the
alteration from positive to negative selec-
tion is different between CD8a transgenic
and CD8af transgenic mice. An increase
of the amount of CD8ap to two times that
of normal mice is sufficient for the switch-
ing to negative selection, whereas CD8a
requires a 6- to 10-fold increase for a similar
effect. These findings support the hypothe-
sis that CD8a has a potentially stronger
affinity for class I MHC molecules than
CD8aa.
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Fig. 3. Flow cytometric
analysis of CD4, CD8a,
and CD8B expression on

Ly-9.1* (ES-derived) thy-
mocytes and lymph node

cells. (A) CD8B expression
on thymocytes from a con-
trol chimera (solid line;
+/+), a knockout chimera

CD4/CD8o. 3.0

(coarse dotted line; —/=), and a chimeric mouse generated by injection of exogenous CD8B-
transfected EEH603 (fine dotted line; —/—, TF) is shown. (B) CD8B expression on lymph node T
cells from a control chimera (left panels; +/+), a knockout chimera (center panels; —/=), and a
chimeric mouse generated by injection of exogenous CD8B-transfected EEH603 (right panels; —/—,
TF) is shown. The data are gated on Ly-9.1*, TCRaB* cells. (C) The pattern of CD4/CD8«a
expression on Ly-9.1* lymph node cells (including T and non-T cells) is shown. Note the marked
decrease of CD4~-CD8a* cells in the knockout chimera and the recovery of the CD4-CD8a*
phenotype by the gene transfer of exogenous CD8B. The CD4:CD8a ratios were indicated below
the panels. Experiments were done three times with similar results.
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Qur data suggest that the amount of
CD8B expressed is also critical for positive
selection. One possible explanation for the
role of CD8B is that CD8af may bind to
class I MHC molecules with higher affinity
than that of CD8aa, and only CD8af-
MHC interaction is sufficient for positive
selection. Because positive selection proba-
bly requires a relatively weak interaction
between the TCR and the peptide-MHC
complex (stronger interactions result in
clonal deletion), it may be far more sensi-
tive to the relative contribution of the CD8
coreceptor than when studied in in vitro
functional assay systems.

In independent studies, we showed that
the lack of the CD8a cytoplasmic domain
resulted in a dramatically decreased effi-
ciency in positive selection, arguing that
not only binding to class I MHC a3 domain
but also signaling through the CD8a cyto-
plasmic region are required for positive
selection (22). Surprisingly, p56'*, which
binds to the cytoplasmic domain of CD4 or
CDS8a, is not necessary for positive and
negative selection (23). As for the role of
the cytoplasmic region of CD8, it is short
and there is no motif for the binding of any
known signaling molecules (24). In addi-
tion, experiments in hybridoma systems
have suggested that only extracellular but
not the cytoplasmic portion of CD8B is
critical for the augmentation of interleu-
kin-2 release (7). Taken together, it is
unlikely that CD8 contributes to positive
selection by signaling through its cytoplas-
mic region. We thus favor the hypothesis
that the significant difference between
CD8af and CD8aa molecules lies in their
extracellular domains. The mice generated
in this study should be useful in elucidating
the molecular requirements for positive se-
lection in the CD8 lineage.
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Persistence of Transients in Spatially
Structured Ecological Models

Alan Hastings* and Kevin Higgins

Simple discrete-time ecological models for a species with alternating reproduction and
dispersal are shown to have complex transient dynamics. If the density dependence
(nonlinearity) is strong enough, then the time required to reach the final dynamics is usually
very long, approaching thousands of generations, and there are typically very sudden
changes in the form of the dynamics. Apparent chaos can change to cycles or vice versa.
These results are consistent with observed sudden changes in the form of the dynamics
of a single species and imply that transient dynamics of ecological models may be more

relevant than long-term behavior.

Ecological theory has typically been based
on analysis of the long-term behavior of
ecological models, with stability analysis as
the primary tool (I, 2). Even studies of
nonequilibrium behavior, such as limit cy-
cles or chaos, have focused on long-term
behavior (3). We show that the long-term
behavior of a simple ecological model for a
species distributed along a one-dimensional
habitat can be essentially irrelevant to the
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understanding of natural ecological systems
because the form of the dynamics changes
over long time scales. The model we use, in
which juveniles (pelagic larvae) are redis-
tributed along the coast each generation,
has transient dynamics that are much long-
er than the time scale of significant envi-
ronmental perturbations. Moreover, the
transient dynamics can appear to be the
final behavior, either chaotic or cyclic, and
then the system can quickly change its
dynamics without any underlying change in
parameters.

These considerations have particular rel-
evance when one is trying to understand
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