UC Berkeley
UC Berkeley Previously Published Works

Title
Class | dependence of the development of CD4+ CD8- NK1.1+ thymocytes.

Permalink
https://escholarship.org/uc/item/4rx8z8s1

Journal
Journal of Experimental Medicine, 180(1)

ISSN
0022-1007

Authors

Coles, MC
Raulet, DH

Publication Date
1994-07-01

DOI
10.1084/jem.180.1.395

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4rx8z8s1
https://escholarship.org
http://www.cdlib.org/

Brief Definitive Report

Class I Dependence of the Development
of CD4+*CD8-NK1.1* Thymocytes
By Mark C. Coles and David H. Raulet

From the Department of Molecular and Cell Biology, Division of Immunology, and Cancer
Research Laboratory, University of California, Berkeley, California 94720

Summary

A small subset of functionally active CD4*CD8 "~ thymocytes express the NK1.1 marker, as do
most CD4-CD8 NK1.1* thymocytes. Previous studies have failed to implicate a role for major
histocompatibility complex (MHC) or related molecules in the selection of the CD4*CD8~
NK1.1* subset. We report here that the development of most of these cells is sharply reduced
in class I-deficient mice, but not in class II-deficient mice. Hence, some CD4* T cells are class
I dependent and not class IT dependent. Unlike conventional T cells, however, the development
of NK1.1* thymocytes in both the CD4+*CD8~ and CD4~CD8~ subsets is dependent on class
I MHC expression by hematopoietic cells and not thymic epithelial cells. We propose that these
populations are selected by nonpolymorphic class Ib or CD1 molecules.

ittle is known concerning the development of two recently
defined TCR-a/B* T cell subsets, TCR-a/3* CD4~
CD8-NK1.1* cells and CD4+*CD8-NK1.1* cells. These
populations represent small subsets of late-arising thymocytes
and peripheral T cells, which are characterized by 2 mature
phenotype (heat-stable antigen [HSA~]) and functional
capabilities (1-9). A relationship between these two subsets
is suggested by the shared expression of NK1.1 and Ly6C,
ag well as the expression of relatively low cell surface levels
of TCR-a/f receptor by most cells in both subsets. Pur-
thermore, both subsets secrete relatively high levels of IL-4
and IFN-y upon stimulation with immobilized anti-TCR
mAbs, unlike naive conventional CD4*CD8" thymocytes
which produce predominantly IL-2 (8-10).

Interestingly, these subsets exhibit a strongly increased fre-
quency of expression of V38 genes, particularly V(38.2, com-
pared with conventional TCR-a/B8* T cells (1-3, 6, 8, 9).
Previous studies have addressed whether CD4-CD8-V38+*
cells are subject to MHC-dependent positive and negative
selection in their development, and have generated conflicting
results. However, we recently demonstrated that these cells
are sharply diminished in class I-deficient mice, suggesting
that class I molecules play a role in their selection and/or
expansion (11). Based on the similarities of CD4*CD8~
NK1.1* cells and CD4-CD8 TCR-3* cells, we have in-
vestigated the development of CD4*CD8 NK1.1* thymo-
cytes. Here we report that the CD4*CD8 NK1.1* popu-
lation is largely dependent on the expression of class I molecules
by hematopoietic cells, but not on the expression of class II
molecules.

Materials and Methods

Mice. C57BL6/] (B6) and BALB/cBy]J mice were purchased
from The Jackson Laboratoties (Bar Harbor, ME). 3, microglo-
bulin (B,m) mutant mice (8;m /") (12) had been backcrossed five
times to the B6 strain. Class II-deficient mice harboring a mutated
AP’ gene (13), had also been backcrossed five times to B6, and
were purchased from GenPharm International (Mountain View,
CA) or were gifts of Dr. Laurie Glimcher (Harvard Medical School,
Boston, MA) or Dr. Virginia Papaioannou (Tufts Medical School,
Boston, MA). Double mutant AB~/~, 8;m~/~ mice were bred
from the single mutant animals. Mice were used between 8-10 wk
of age.

Antibodies. H57.597-2.1 (antiTCR-B [14]), F23.1 (anti-V(38.1,
8.2, 8.3 [15]), and PK136 (anti-NK1.1 [16]), purified from culture
supernatants, were biotinylated or fluoresceinated. RM4.4-PE (anti-
CD4; PharMingen, San Diego, CA), M1/69-FITC (anti-HSA; Phar-
Mingen), 53.67.2-Biotin (anti-CD8a; PharMingen) and 53.67.2-
Red613 (anti-CD8a; GIBCO BRL, Gaithersburg, MD) were pur-
chased. Second step reagents included tricolor-streptavidin (Tri-SA)
(Caltag Laboratories, S. San Francisco, CA) and APC-streptavidin
(APC-SA) (Molecular Probes, Inc., Eugene, OR).

Cell Preparation and Flow Cytometry. Thymocytes were depleted
of CD8" T cells by double antibody and complement treatments
(11). The resulting population was routinely >99% devoid of
brightly staining CD8* cells. The CD8-depleted cells (10°) were
incubated in the first step with CD4-PE, a biotinylated reagent
and a fluoresceinated reagent, and in the second step with APC-
SA. 5 x 10* total events were analyzed. Gated CD4* or CD4"~
cells were analyzed on a dual laser modified FACS IV® (Becton
Dickinson & Co., Mountain View, CA). For four-color analysis,
unfractionated thymocytes were stained in the first step with anti-
CDA4-PE, anti-CD8-Red613, NK1.1-FITC, and anti TCR-3-biotin,
and in the second step with Tri-SA. 3 x 10° events were analyzed
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on an XL flow cytometer (Coulter Corp., Hialeah, FL), using for-
ward and side scatter to exclude dead cells and debris.

Production of Irradiation Fetal Liver Chimeric Mice. Chimeras were
produced by inoculating irradiated 8-wk-old mice (980 rad from
a ¥Cs source) with 1.5 x 107 E16 fetal liver cells (11), and were
analyzed at 8 wk after reconstitution. Recipients were depleted
of NK1.1* cells before irradiation and reconstitution by inocula-
tion with 200 ug i.p. of anti-NK1.1 mAb (PK136), in order to
prevent NK-mediated rejection of the fetal liver transplants (17).
B.m* recipients and donors were inbred B6é mice.

Results

Phenotypic Analysis of NK1.1* Defined Thymocyte Popula-
tions. 7-15% of double-negative thymocytes expressed
NK1.1, of which 50-75% also expressed TCR-8 (Fig. 1 A).
4-7% of CD4*CD8"~ thymocytes expressed NK1.1, and
essentially all of these cells were TCR-3+, though the level
of TCR-( on these cells was lower than seen on “conven-
tional” CD4*CD8-NK1.1~ thymocytes (Fig. 1 B). The
large majority of both types of NK1.1* thymocytes had a
mature HSA - phenotype, half or more expressed V38 (Fig.
1), and most were also Ly6C* (data not shown), corrobo-
rating the extensive overlap of the NK1.1* subsets with the
TCR-a/3* and Ly6C* thymocyte populations (18-20).
Closer scrutiny of the NK1.1* “CD4-CD8~” and “CD4*
CD8- thymocyte populations revealed that these cells ex-
press low but significant levels of CD8, as shown by the
slightly increased CD8 staining of these cells relative to
CD8- NK1.1- thymocytes (Fig. 1 C). Therefore, cells
in the NK1.1* thymocyte populations will be referred to

CD4°CD8”

CD4*CD8"

Figure 1. Phenotypic analysis of CD4-CD8~ and CD4+CD8- thy-
mocytes from B6 mice. For A-C, thymocytes were depleted of CD8*
cells and gated CD4 - (CD4-CD8~) thymocytes (4) or CD4+ (CD4+
CD8-) thymocytes (B) were analyzed by three-color staining. (C) Ex-
pression of CD8 on NK1.1+ vs. NK1.1- thymocytes determined by three-
color analysis of total thymocytes (leff), gated CD4* thymocytes (middle),
and gated CD4- thymocytes (right).

hereafter as CD4-CD8°NK1.1* or CD4*CD8PNK1.1+
thymocytes.

Selection of NK1.1* Thymocytes by MHC Molecules. We
compared thymocytes from wild-type mice with those from
Bzm~ (class I-deficient) mice, AB~ (class II-deficient) mice,
or Bam~AfB~ (class I~ and class II-deficient) mice (Fig. 2
and Table 1). The number of thymocytes and the propor-
tion of double-negative cells did not differ significantly among
these mice (Table 1 and data not shown). The frequency
of CD4*CD8°NK1.1* thymocytes was reduced in class
I-deficient mice by nearly 90% compared with wild-type
mice, whereas class II deficiency did not diminish the
CD4*CD8PNK1.1* population; if anything there was a
slight increase in this population (Fig. 2 and Table 1). Mice
deficient for both class I and class II expression had low fre-
quencies of TCR-3*CD4+CD8PNK1.1* cells, similar to or
slightly higher than observed in mice deficient for class I alone.

The CD4-CD8°NK1.1*TCR-8* population was re-
duced by 70-75% in class I-deficient mice or in mice deficient
for both class I and class II (Fig. 2 and Table 1). A smaller
reduction in total CD4~-CD8°NK1.1* cells was observed
due to the existence in some mice of a substantial population
of CD4-CD8°NK1.1* cells that does not express TCR-
and that is mostly unaffected by class I deficiency (Table 1
and data not shown). Class II deficiency by itself had little
or no effect on the frequency of CD4-CD8°NK1.1*
thymocytes (p >0.2 by Student’s ¢ test) (Fig. 2 and Table 1).
This data contrasts with our previous results, which suggested
that the frequency of CD4-CD8 TCR-a/B* cells was
modestly decreased, by ~40%, in class II-deficient mice (11).
In the earlier study, TCR-3* “double-negative” thymocytes
were enriched by anti-CD4 and C treatment. This treatment
may have depleted some of these cells, which in class II-de-
ficient mice appear to express low levels of CD4 (data not
shown). In conclusion, class I but not class II deficiency causes
a sharp reduction in NK1.1* thymocytes of the CD4*CD8v
and CD4-CD8P phenotypes.

Development of NK1.1* Thymocyte Populations Is Dependent
on Class I Expression by Hematopoietic Cells. To investigate
the contribution of class I expression by hematopoietic cells
or thymic epithelial cells to the development of NK1.1+
T cell populations, we constructed fetal liver chimeras be-
tween class I deficient (82m~) and normal mice. In these
chimeras the fetal liver donor contributes most of the he-
matopoietic cells and the host contributes the thymic epithe-
lial cells. As we had previously found for V38+CD4-CD8-
thymocytes (11), both the TCR-8*CD4~-CD8°NK1.1* and
the CD4*CD8°NK1.1* populations were strongly dimin-
ished in Bam~ — B:m* fetal liver chimeras, but not in
B:m* — B,m~ chimeras (Fig. 3). The 8;m~ — B8;m~ and
Bxm* — B;m* control chimeras yielded NK1.1* popula-
tions similar in frequency to unmanipulated wild-type and
B2m~ mice, respectively. The results indicate that the devel-
opment of both of these NK1.1* populations is dependent
primarily on class I expression by hematopoietic cells rather
than by thymic epithelial cells. Conventional CD8* T cells,
in contrast, were diminished in 8om* — B:m~ chimeras
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Figure 2. NK1.1 and TCR-8 expression on thymocyte subsets from B6, B2m =/~ (class-I-deficient), AB -/~ (class II deficient), and AB-/~B,m~/~
(class I and class II deficient) mice. The top row depicts CD4 vs. CD8 staining for unfractionated thymocytes. NK1.1 and TCR-§ expression on gated
CD4-CD8l thymocytes (middle) and gated CD4+CD8le thymocytes (bottom) was determined by four-color analysis. The numbers represent the per-
centage relative to the population under analysis, whereas the numbers in parentheses represent the percentage relative to the total thymocyte population.
BALB/c mice are NK1.1-, and these thymocytes thus serve as a control for the specificity of the NK1.1 reagent.

and not in the 8;m~ — Bym™* chimeras (data not shown  ecules but not on the expression of class II molecules. Fur-

[11, 17}). thermore, the development of these cells depended on class
I expression by hematopoietic cells and not by thymic epi-
Discussion thelial cells.

Recent studies describe a subset of CD4*CD8" thymo-

The primary conclusion of the present study is that a subset
of CD4* T cells, characterized by NK1.1 expression, is de-
pendent for its development on the expression of class I mol-

cytes presumed to be intermediates in the development of
conventional CD4* T cells. The cells were present in class
II-deficient mice but not in class I and class II double-deficient

Table 1. Frequencies of NK1.1-defined Thymocyte Populations in MHC-deficient Mice

Thymic cell no. TCR-8*NK1.1+

VB8+NK1.1+

Percent

NK1.1+CD4+CD8-

Percent
NK1.1+*CD4-CD8-

Strain (10%) (Percent of CD4-CD8-) (Percent of CD4-CD8-)  (Percent of thymus)  (Percent of thymus)
B6 150 + 18 74 £ 1.3 54+ 1.9 0.33 + 0.03 0.26 + 0.02
B:m- 176 + 20 2.0+ 05* 0.4 £ 0.2 0.19 + 0.04" 0.03 + 0.01*
AB- 178 + 31 5510 ND 0.40 = 0.12 0.42 = 0.09"
B.m-AfB- 133 £ 19 2.6 ND 0.25 + 0.03 0.08 + 0.01*

Values represent means and standard errors of three to nine individual determinations, except in the instance where no standard error is shown, which
represents a single determination. All mice were 8-10 wk old. For the second and third columns, CD8-depleted thymocytes, gated on the CD4~
population, were analyzed. Columns 4 and 5 represent determinations on unfractionated thymocytes by three-color analysis.

*p <0.02 by Student’s ¢ test compared with the values for wild-type (B6) mice.
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Figure 3. Class [ expression on hematopoietic cells is necessary for the
appearance of NK1.1+*CD4-CD8" and NK1.1+CD4+CD8l cells. Fetal
liver chimeras were analyzed at 8 wk post reconstitution. Gated CD4~
CD8Y/- (A), and CD4*CD8"/~ (B) thymocytes were analyzed for
NK1.1 and TCR expression by four-color staining. Separate three-color
staining analysis with an anti-class I (K") reagent, anti-CD4, and anti-
CDS8 showed that in all of the chimeras analyzed, >95% of CD4-
CD8/~, or CD4*CD8/ - thymocytes were of donor origin.

mice (21). A two-step positive selection model was proposed
in which initial TCR engagement by class I or class I MHC
leads to the stochastic downregulation of CD8 or CD4. Sub-
sequently, successful selection may occur if the MHC specificity
of the retained coreceptor matches that of its TCR. The
CD4*CD8°NK1.1* thymocytes are unlikely to correspond
to these putative CD4 *CD8P intermediate cells for several
reasons: (a) the CD4*CD8°NK1.1* cells arise in ontogeny
significantly after the appearance of fully mature conventional
CD4*CD8" T cells (6, 7); (b) they have a fully mature
phenotype, and produce cytokines when stimulated with anti-
TCR mAb (8-10); and (¢) they have a distinct repertoire with
high usage of V38. Furthermore, it seems unlikely that an
intermediate in CD4* cell differentiation would be dimin-
ished by class I deficiency but not by class II deficiency, as
shown here for the CD4+*CD8°NK1.1* thymocytes. It ap-
pears more likely that the putative intermediate corresponds
to the CD4*CD8°NK1.1" cells, which are the majority of
CD4+*CD8b cells in class II-deficient mice (Fig. 2), and
which express relatively high levels of TCR-@, similar to the
levels found on mature CD4*CD8~ cells (Fig. 2). The
CD4+*CD8PNK1.1" cells are nearly absent in the class
I-class II~ thymus (Fig. 2 and reference 21), but the avail-
able methods preclude a determination of whether they are
present in the class I~ thymus.

It was initially suggested that the production of IL-4 and
IEN-y by thymic CD4*CD8" cells might be a consequence
of recent positive selection of conventional CD4* cells (10).
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However, direct evidence indicates that the CD4*CD8l
NK1.1* population is responsible for the high level of IL-4
and IFN-y production by CD4* thymocytes from normal
mice (9). Because the evidence suggests that NK1.1* thy-
mocytes are probably not intermediates in the development
of conventional CD4*CD8~ cells, and CD4+*CD8-NK1.1-
thymocytes reportedly fail to produce IL-4 and IFN-y (9),
it now appears unlikely that production of IL-4 and IFN-y
is a consequence of recent positive selection.

The use of class I deficient mice has allowed us to identify
class I molecules as selecting elements for both NK1.1-defined
populations. Because earlier studies as well as our own have
failed to identify MHC polymorphisms affecting the NK1.1-
defined populations, we suggest that the relevant class I mol-
ecule(s) may correspond to a nonclassical class I molecule,
such as the class 1b or CD1 molecules, most of which are
relatively nonpolymorphic (22). Selection by a highly specific
class I molecule could also account for the V(38-skewing in
these populations, especially as it has been reported that some
class Ib molecules present a highly specific set of peptides (23).

Both NK1.1* populations studied here have characteris-
tics of activated cells or memory cells, including high expres-
sion of CD44. It might therefore be suggested that the class
I-dependent selection of these cells results from antigen-
dependent expansion of the cells after their maturation, rather
than representing class I-dependent maturation of the cells.
The late appearance of the cells is consistent with this possi-
bility. Furthermore, the high frequency of V38 usage is report-
edly not evident in the TCR-8*CD4~CD8 population at
the earliest time the cells can be detected, but rather occurs
gradually with time after birth (20). Finally, the observed
dependence of the development of both NK1.1* thymocyte
populations on class I molecules expressed by hematopoietic
cells, but not thymic epithelial cells, is consistent with the
possibility that the cells accumulate as a consequence of APC-
dependent expansion (11). If the NK1.1* T cell populations
are expanded by stimulation with antigen(s) associated with
MHC class I, the nature of the responsible antigen remains
an open question. One candidate is an antigen(s) associated
with intracellular bacteria, which may represent common en-
vironmental antigens. Perhaps the NK1.1* T cells are spe-
cialized for recognition of common bacterial pathogens
presented by class Ib molecules (23, 24).

Neither the CD4*CD8°NK1.1* population nor the
TCR-3*CD4-CD8°NK1.1* population is significantly di-
minished by class II deficiency. Furthermore, the appearance
of these cells does not depend on normal class I expression
by thymic epithelial cells in the Bzm* — B;m~ fetal liver
chimeras. In contrast, the development of CD8* T cells is
reduced by ~85% in such chimeras (17). Therefore, either
the maturation of NK1.1* thymocytes involves a distinct
positive selection mechanism compared to conventional o/ 8
T cells, or the cells mature without positive selection and
are subsequently selectively expanded by interaction with class
I molecules or class I-bound antigens.

Class I-dependent CD4+CD8- Thymocytes
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