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Summary

We demonstrate here the presence of a distinct mature CD4+8~ T cell subset in mouse thymus.
This subset, termed “Thy0,” is delineated by the absence of 3G11 expression from about half
of the 6C10~/HSA*/~ fraction of CD4*8~ thymic cells. ThyO is detectable from the neonatal
period and largely contributes the ThO-type diverse cytokine production previously reported for
the HSA*/-CD4* thymic population. Further, cells expressing the T cell receptor V38 gene
family are found at increasing frequency in Thy0 with age, comprising 40-60% of Thy0 in adult
BALB/c mice. This alteration of VB8* cell frequency is unique to Thy0, since no other CD4*
subset in thymus or spleen shows such V38 overusage. All functional CD4* T cell subsets,
including Thy0, show appropriate V3 clonal deletion associated with endogenous superantigens.
Thus, it appears that ThyO is an intrathymically generated secondary cell subset produced after

CD4* T cell selection.

he thymus is the primary site for T lineage differentia-

tion, and is responsible for generating functionally com-
petent T cells. After initial generation of CD4* and CD8*
T cells, further cell differentiation takes place in the thymus,
during which time the functional competence to respond to
antigen is increasing. This progression of cells into an im-
munocompetent state can be recognized by phenotypic al-
terations, such as loss of the heat-stable antigen (HSA) (1-3).
However, it has never been established whether all (or any)
HSA*/~ cells in thymus are comparable to peripheral naive
T cells (3). Distinctive cytokine production similar to ThO
type cells by this mature thymic CD4* T fraction was re-
cently demonstrated by Bendelac and Schwartz (4, 5), dis-
tinguishing them from the majority of peripheral T cells.
Thus, the question has arisen whether this intrathymic ThO
cell stage is an authentic intermediate in the pathway for pe-
ripheral CD4* T cell generation, or instead, whether such
cells are generated from naive cells in the thymus by secondary
events (3, 4). Data we present here show that the HSA"/ -
cell fraction of thymic CD4* T cells can also be identified
as 2 6C10~ population and, further, that it is comprised of
two subsets resolvable by expression of 3G11: one that
resembles peripheral T cells and another that possesses a unique
cell surface phenotype, cytokine potential, and TCR V@3 gene

family representation.

Materials and Methods

Mice. BALB/cAnN, C57BL/6, and SJL mice were bred and
maintained in our animal facility. 2-4-mo-old female BALB/c mice
were used in most experiments, except where noted.

Immunofluorescence Staining and Flow Cytometry Analysis and
Sorting.  Cell preparation for immunofluorescence staining has been
described previously (6). Antibodies used here for analysis and sorting
are as follows: CD4 (GK1.5), CD8 (53-6), CD3 (500A-A2), HSA
g11d), 3G11 (SM3G11), 6C10 (SM6C10), VB8.1,2,3 (F23.1),
V88.1,2 (KJ16), VB3 (KJ25), V11 (RR3-15), and V6 (RR4-7).
Most were purified in our laboratory and then fluorochrome la-
beled as described previously (7). FL-RR4-7 was purchased from
PharMingen (San Diego, CA). Staining data analysis and cell sorting
were carried out using a FACStar Plus® (Becton Dickinson Im-
munocytometry Systems, San Jose, CA) equipped with two lasers,
the second laser being a tunable dye laser. Most data were obtained
by four-color immunofluorescence analysis as described to the
legends to the figures. To quantitate the frequencies of V3* cells
in the rare HSA~3G11-CD4*8" cell subset in the thymus, 2 x
107 cells were stained for each group, and data on 10° cells within
the CD4*CD8~(HSA + 3G11)~ cell gate were collected to the
computer, so that 0.1% cells correspond to 100 positive cells (im-
proving statistical validity).

Anti-CD3 Stimulation and Cytokine Assay. 1-2 x 10° sorted
cells were deposited into an anti-CD3 precoated 96-well culture
plate (500A-A2, 0.1 pg/0.1 ml/well; no. 3598; Costar, Cambridge,
MA) together with 10° irradiated (2,500 rad) syngeneic spleen
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cells. Supernatant was harvested at 2 and 4 d after initiation of cell
culture and then used for cytokine assay as described elsewhere (6, 8).

Results and Discussion

3G11 ganglioside expression increases as T cells mature in
the thymus (9). As shown in Fig. 1 a, after selection into
the CD4*8~ stage in the thymus (referred to here as CD4*
T cells), a large fraction of CD4* T cells (>80%) express
3G11 regardless of HSA levels. However, in contrast to pe-
ripheral CD4* T cells, which are HSA~ and mostly 3G11+
(6), we found that between 30 and 50% of cells in the thymic
HSA-CDA4* T cell fraction are 3G11~ (Fig. 1 a). Further,
the level of several other cell surface molecules also differs
within the HSA - fraction depending on 3G11 expression.
The HSA~3G11~ subset exhibits a unique phenotype; that
is, Mel-14%, Thy-10%, CD44 (Pgp-1)"s", and heterogeneous
for CD3, often including cells with low CD3 expression.
CDA45RB levels are similar to (or slightly higher than) those
seen on peripheral native T cells. In contrast, the HSA~
3G11* subset bears the closest resemblance to the periph-
eral native CD4* T cell phenotype with comparable levels
of expression for all these molecules (not shown).

During the neonatal period when the generation and
emigration of the peripheral naive T cell pool is expected to
be most active, HSA™ T cells are rare in the thymus (Fig.
1 b), while functional HSA~ T cells are already present in
the periphery. In contrast with HSA, analysis for 6C10 ex-
pression clearly resolves a discrete functional cell population
in the thymus at this time. We found that only 6C10 cells,
the majority of which are HSAl*Y with some HSA - (Fig.
1 ¢, boxed regions), respond to anti-CD3 stimulation whereas
6C10* cells do not respond, consistent with a previous re-
port using HSA fractionation (3). As Fig. 1 d demonstrates,
two subsets, 3G11* and 3G11-, within this functionally
mature 6C10- (HSA®" -) cell population can be resolved

in the neonatal thymus, similar to adult. These two subsets
were identifiable as early as day 1 after birth. Thus, our anal-
ysis reveals the continuing presence of two subsets within
the functionally mature CD4* cell population in the
thymus from the neonatal period to the adult.

We next investigated the cytokines produced by these ma-
ture thymic 6C10~ (and HSA ") subsets (Table 1). As pre-
viously shown (5), stimulation of the HSA*/~ fraction of
thymic CD4* T cells resulted in secretion of high levels of
IL-4, IL;5, and IFN-y, unlike peripheral T cells. We found
that this striking ability to secrete diverse cytokines is largely
contributed by the 3G11- fraction. Upon anti-CD3 stimu-
lation, 6C10~3G11~ cells rapidly secrete diverse cytokines,
regardless of the animal’s age. IFN-y and IL-5 were also de-
tected in 2-d culture supernatant. Based on this consistent
Tho-like cytokine profile for the thymic 6C10~ (HSAlY/-)
3G11-CD4* subset, we propose to name it “Thy0” (for
thymic ThO). In comparison, predominant IL-2 secretion was
obtained from the 6C10~3G11* cell subset in neonatal mice.
However, I1-4 was also detected from this fraction in adult
mice. Further, some II-5 (and IFN-y) was also detectable,
although only at later times after stimulation. Sorting for
HSA ™ cells, which are present at increased numbers in adult
thymus, yielded essentially similar results (Table 1), distin-
guishing them from peripheral naive T cells.

A question arises whether the ThyO subset might repre-
sent an intermediate differentiation stage between HSA-
3G11* cells in the thymus and those in the periphery. One
approach to determining the relationships of T lymphocyte
subsets is to examine their respective TCR repertoires. If Thy0
is the direct precursor for the vast majority of peripheral
CD4* T cells, then its TCR gene usage would be expected
to be similar and stable with age. However, we found (Fig.
2 and Table 2) that ThyO in adult mice shows an increasing
frequency of TCR V[38* cells with age. In the thymus of
adult BALB/c mice, 40-60% of Thy0 (3G11-) are V(38+,
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Figure 1. Presence of two subsets in the mature thymic CD4* T cell fraction resolved by 3G11. All figures display data of the CD4*8 - analytically

gated fraction in thymus of either 3-mo-old (adult; 4) or 4-d-old (neonatal; b~d) BALB/c. (@) Adult thymocytes were stained with APC-anti-CD4,
PE-anti-CD8, FL-anti-HSA, and Bi-SM3G11 + Texas Red® (TR)-avidin. A histogram showing 3G11 expression within the HSA - cell fraction (marked
on the plot) of adult thymus is shown in the inset. The thymic CD4+HSA-3G11- subset comprises 1-2% of total thymocytes. (b) The same analysis
with neonatal thymus is shown. (c) Cells were stained with APC-anti-CD4, Bi-anti-CD8 + TR-avidin, FLHSA, and SM6C10 + PE-anti-IgM. HSAlw
and HSA - regions are boxed. (d) FL-SM6C10 was used in place of FI.HSA. Most CD4+8~ cell subsets express similar levels of CD3 except for the

6C10*3G11~ cells which are CD3-.
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Table 1. Diverse Cytokine Secretion from Thymic CD4* Cells Predominantly Derives from 6C10~

(HSA™/~)3G11-CDA4* Subset (Thy0)

Day 2 Day 4
Age CD4* cell fractions IL-2 IL-4 IFN-y IL-5
U/ml U/ml U/ml pg/ml
7d 6C1073G11* thymus 35 <10 <20 <40
6C1073G11" thymus 153 215 165 1200
3 mo (Exp. 1) 6C10-3G11* thymus 123 192 <20 440
6C10°3G11~ thymus 113 229 707 8000
(Exp. 2) HSA-3G11* thymus 490 280 210 890
HSA"3G11~ thymus 130 440 1010 5700
HSA-3G11* spleen* 900 <10 <20 <40

3G11+ or 3G11- cells in the 6C10~ (or HSA~) CD4*8~ fraction in thymus of BALB/c mice were sorted (see Fig. 1) and stimulated with anti-
CD3. 2- and 4-d culture supernatants were tested for the presence of indicated cytokines. Representative data are shown. Exclusive IL-2 secretion
from the 6C10-3G11+ fraction was consistently found in eight experiments with young (<2-wk-old) mice. More than 20 experiments were per-
formed with adult (>3 mo) thymus, where the thymic HSA-3G11- cell subset consistently showed the highest levels of IL-4, IFN-y, and IL-5

secretion compared with cultures of HSA-3G11+ fraction.

* Data with HSA - spleen cells were obtained by sorting for 6C10-3G11+ cells (6, 9).

whereas only 25-30% of either 3G11* thymic or splenic
CD4* T cells are V38+. Reciprocally, the relative frequency
of V(36 is decreased in Thy0. VB3* or VB11* cells, with
potential for binding to self-ligands on BALB/c cells (en-
dogenously expressed retroviral genome products) (10-12),
are not detectable in any cell fraction. No other CD4* or
CD8* cell subset in the thymus or peripheral lymphoid
organs showed such a bias, with the exception of the thymic
CD4-8-TCR-a/3* subset, as reported previously (Table 2,
legend). The recently described Ly-6C* CD4* cell popula-
tion with V38+ cell overrepresentation (13) is contained

within the ThyO subset since we found that these cells are
HSA-, 6C10~, and 3Gl11-, consistent with the Thy0
phenotype (our unpublished observations).

Table 2 also indicates that the frequency of V38* cells is
dependent on strain background. In comparison with BALB/c,
C57BL/6 mice show less increase of VB8* cells in Thy0.
Further, in SJL mice, which have a deletion of the V38 gene
family (14, 15), ThyO frequency is reduced (10% of HSA -
cell fraction in adult mice) and V38* cells are undetectable
(as expected). Furthermore, we found that V38 overrepresen-
tation by ThyO is age dependent (Fig. 3). In neonatal (<1
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Figure 2. Elevated frequency of VB8+ cells in Thy0. Adult BALB/c thymocytes and spleen cells were stained with the PE-labeled anti-V( anti-
bodies shown (except for RR4-7) together with APC-anti-CD4, FL-anti-CD8 plus FL-anti-HSA, and Bi-3G11+TR-avidin. PE histograms of the 3G11+
or 3G11- cells in the CD4*CD8-HSA - fraction are shown. For V36+* cell analysis, FI-RR4-7 was used together with APC-anti-CD4, PE-anti-
CD8, and either Bi-SM3G11 plus Bi-HSA (for HSA-3G11- cell gate) or Bi-SM3G11 alone (for 3G11+ cell gate). The frequencies of V3+* cells in
the 3G11*CD3* thymic CD4* cell fractions are the same regardless of HSA levels.
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Table 2. Frequency of Expression of Various V@ TCR Gene Families in HSA~3G11* and 3G11~ Thymic CD4* T Cell Subsets

Thymic Vg8 Vp8.1,2 V86 VB3 Vg1t
Strain (n) (CD4*HSA") (F23.1) (KJ16) (RR4-7) (KJ25) (RR3-15)
BALB/c (16) 3G11* 27.4 + 45 20.0 + 2.5 10.3 + 0.9 <1.0 <1.0
3G11° 51.9 + 7.6 38.0 + 6.7 5.0 + 0.8 <1.0 <1.0
C57BL/6 (6) 3G11+ 219 + 2.8 14.8 + 0.9 10.3 + 3.9 45+ 06 5.0 + 0.1
3G11- 31.4 + 3.7 25.0 + 2.6 6.3 = 1.3 3.8 % 0.5 4.0 = 0.1
SIL (4) 3G11* <1.0 <1.0 9, 8 6.0 = 0.0 <1.0
3G11- <1.0 <1.0 23, 13 5.5 + 0.6 <1.0

2-4-mo-old BALB/c, C57BL/6, and SJL mouse thymocytes (numbers of mice in parenthesis) were stained as described in Fig. 2. V86 in SJL is
based on two animals. Data shown indicate standard deviation. V38+* cell frequency of other cell subsets in BALB/c mice (data with seven adult
mice) are: thymic CD8* cells (HSA+, 32 + 4%; HSA-, 35 * 4%), thymic CD4-8-TCR-a/8* cells (67 + 7%), and splenic CD4* subsets

(Fr. 1-V, 25-29%) (6).

wk) mice, the frequency of ThyO itself is low, and the fre-
quency of V38 within ThyO is similar to any other CD4*
cell subset. At ~1 mo of age, the increase in V38* cells be-
comes evident. The VB8* cell frequency peaks at 2-4 mo
of age and declines thereafter. In contrast, the percentage of
VB8* cells in the 6C10-3G11* cell subset in the thymus
does not show any significant alteration with ontogeny (Fig.
3). In addition, the distinctive surface phenotype of Thy0
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Figure 3. Age-dependent alteration of V38+ frequency in Thy0. BALB/c
thymocytes of different ages were stained to obtain the VB8+ cell fre-
quency (using F23.1) in the HSA-3G11- (Thy0) and 3G11* cell frac-
tions as described in the legend to Fig. 2. For analysis of neonatal mice
(<1 wk), FI.SM6C10 staining (in place of FL-anti-HSA) was also carried
out. In both analyses (HSA and 6C10) the same results were obtained;
i., no increase of V38+ cells in the neonatal ThyQ fraction.
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described above is not clear during the neonatal period, but
becomes increasingly evident with age. ThyO in aged mice
shows the lowest levels of TCR. In all cases, ThO type cytokine
activity is associated with the ThyO subset.

Taken together, these data suggest that while V38+* over-
representation is not an inherent character of Thy0, the mech-
anism for generating ThyO is consistent regardless of age or
mouse strains. It appears likely that Thy0 accumulates in the
thymus due to secondary event(s) starting early in develop-
ment; thereafter, further cell differentiation continues within
this subset. Ontogenic and strain variation could be explained
if this Thy0 fraction is comprised of cells at various stages
after activation, responding to stimulation by different en-
vironmental antigens depending on genetic background. Thy0
is already present early in ontogeny but shows increased levels
of VB38* cells only in adult mice. This could be accounted
for either by preferential stimulation of V38* cells in the
adult thymus or else by generation of ThyO cells earlier in
development followed by preferential survival of V38* cells.

Whichever alternative holds, it is interesting to note the
phenotypic and functional resemblance of Thy0 to the CD4~
8 TCR-a/f* cell subset (double-negative [DN]a/f3) in the
thymus. DNa/B cells are HSA~ (16, 17) and 3G11~ (our
unpublished observations), with characteristic levels of ex-
pression of cell surface molecules similar to ThyO described
above. Significantly, DNt/ exhibits age-dependent V38+
overrepresentation (17-19) with the appropriate deletion of
self-reactive Vs similar to Thy0 (17), and with a potential
to secrete II-4 and IL'5 cytokines (4). The CD8 gene is de-
methylated in DN/ cells, suggesting its previous expres-
sion (17). If DNea/B* cells have progressed through a
CD4+*8* stage, then it is reasonable to speculate that Thy0
represents a transient stage in the maturation pathway of
CD4* T lineage cells to CD478~ cells induced by in-
trathymic stimulation. V38* overrepresentation is more
stable, and often is more profound, in the DNa/f3 subset
than in the CD4* subset. This could be explained by
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progressive loss of CD4 expression and selection for V38*
cells with time, perhaps due to continual stimulation. In this
regard, our finding may carry implications for the study of
autoimmune lpr mice since T-lineage cells proliferating in mice
with this defect (lpr cells) share features with DNa/ cells,
as described elsewhere (18, 20).

CD4* T cells play a key role in the immune system. Re-
cent findings of their functional heterogeneity have evoked
considerable attention as to how such subsets are generated
and how they relate to CD4* T cell differentiation and
maturation (9). In these studies, defining the precursor popu-
lation in the thymus that provides the naive CD4* T cell
repertoire in the periphery is an important goal. As yet, our
data do not completely exclude the possibility that cells
differentiate through the ThyO stage, wherein the bias of TCR
V{8 usage is contributed by only a fraction of cells within

Thy0. However, it appears more likely that the 6C10-
3G11* subset represents the immediate precursor population
for the peripheral naive cell pool. Although data from the
thymic 6C103G11* subset in adult mice did not show ab-
solute IL-2 predominance, this could be explained by con-
tamination of naive cells with an increasing proportion of
secondary cells that have yet to lose 3G11. Finding II-5 or
IFN-y during the later stage of HSA-3G11* cell culture
may imply a rapid progression of such cells into the Thy0
fraction. These arguments will be clarified by analysis at the
single cell level by work that is in progress. Finally, as recent
data have demonstrated, Thy0 can also be exported into the
periphery while retaining CD4 expression (21). The func-
tional significance of ThyO poses an interesting puzzle for
further investigation.
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