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Pina M. Cardarelli, 1. Nicholas Crispe,* and Michael D. Pierschbacher

Cancer Research Center, La Jolla Cancer Research Foundation, La Jolla, California 92037; and
* Department of Immunology, Research Institute of Scripps Clinic, La Jolla, California 92037

Abstract. Fibronectin-adherent (FNR*) thymocytes are
enriched for immature (CD4-8") and large (CD4+8*)
cells, and depleted of mature (CD4-8* and CD4*8")
and nonmature small (CD4+8%) cells. Among purified
CD4-8- thymocytes, cells with the surface marker Jlid
and the IL-2 receptor, which can give rise to all other
thymocyte subsets, showed selective attachment to
fibronectin. Analysis of FNR* thymocytes showed that

such cells are greatly enriched for cells in cycle. Addi-
tionally, FNR* cells expressed low levels of T cell
receptor. These results suggest a role for the fibronec-
tin receptor during the early, proliferative phase of
thymocyte differentiation. The data suggest that loss of
the fibronectin receptor is a hallmark of cells that have
become committed either to functional maturation or
to programmed cell death.

where they undergo proliferation and differentiation
before their entry into the peripheral circulation.
The cell surface molecules CD4 and CD8 define two subsets
of peripheral T lymphocytes. Cells with the CD4-8* sur-
face phenotype recognize antigens in association with class
I major histocompatibility complex molecules, and cells that
are CD4*8~ recognize antigens plus class II major histo-
compatibility complex molecules. On thymic lymphocytes,
however, the same two surface markers occur in all four pos-
sible combinations. The earliest (“immature”) thymocytes
lack both markers, and can recolonize the thymus of an ir-
radiated host upon adoptive transfer. These CD478~ cells
are a minor subpopulation which make up 2-5% of normal
thymocytes. Included in the immature subpopulation are
large CD4+*8* blast cells which constitute ~10-15% of the
total thymocyte pool. The thymus also contains minor sub-
populations of cells that share the CD4 8" and CD4*8§
phenotypes with peripheral T cells, and among these cells
are found thymocytes that exhibit “mature” T cell function.
The majority of thymocytes however, can be classified as
“nonmature.” These small cells express the surface pheno-
type CD4*8*, and have not been conclusively shown to
have either precursor activity or mature T cell function. The
role of both CD4*8" subsets in T cell differentiation is not
known; two main hypotheses suggest that they are either in-
termediates in differentiation or alternatively, dead-end cells
that all die in the thymus leaving no progeny (Ceredig and
MacDonald, 1985; Fowlkes and Mathieson, 1985; von
Boehmer, 1986; Adkins et al., 1987).
One key role of the thymus in T cell differentiation is the
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modification of the T cell antigen specificity repertoire,
yielding a population of T cells depleted of self-reactive
cells. Such a selective effect clearly depends on the expres-
sion of antigen-specific receptors, and the rearrangement of
T cell receptor genes and the surface expression of their
products first occurs within the thymus (Born et al., 1985;
Haars et al., 1986). Surface staining for the T cell receptor
B chain and the receptor-associated, clonally invariant CD3
complex shows two distinct levels of expression. Low-level
expression is found on CD4*8* nonmature cells, while high-
level expression occurs on the CD4*8~ and CD4-8* subsets
which include functionally mature cells (Roehm et al., 1984;
Crispe et al., 19875). The transition from low- to high-level
expression of T cell receptor may be required for differentia-
tion and selection of mature T cells.

We have previously identified a subpopulation of thymo-
cytes that bind specifically to fibronectin but not to a num-
ber of other extracellular matrix molecules (Cardarelli and
Pierschbacher, 1986). The interaction between this group of
thymocytes and the fibronectin molecule appears to be medi-
ated by the same arginine-glycine-aspartic acid (RGD)' se-
quence (Pierschbacher and Ruoslahti, 19844, b) that is rec-
ognized by many members of the superfamily of cell surface
proteins, collectively known as the integrins, which include
the fibronectin receptor, vitronectin receptor, gp IIb/Ifla of
platelets, Mac-1, gp 150/95, and LFA-1 (Pytela et al., 1986;
Hynes, 1987; Ruoslahti and Pierschbacher, 1987; Springer et
al., 1987). Fibronectin-adherent (FNR*) thymocytes express
on their surface an integrin-type receptor for fibronectin that
is composed of two polypeptides having molecular masses

1. Abbreviations used in this paper: FNR, fibronectin receptor; FNR*,
fibronectin adherent; FNR™, fibronectin nonadherent; [*H]TdR, [*H]thy-
midine; IL-2R, interleukin-2 receptor; RGD, arginine-glycine-aspartic
acid.
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of 150 and 175 kD under nonreducing conditions (Cardarelli
and Pierschbacher, 1987). We have proposed previously that
the interaction of thymocytes with fibronectin may be impor-
tant in directing migration of the developing cells or in
stabilizing conjugates between thymocytes and epithelial
cells. Fibronectin receptor (FNR) expression may play a role
in localizing cells in the thymus. Alternatively, the interac-
tion with this matrix protein may play an instructive or a per-
missive role in allowing the immature cells to respond to
soluble mediators or other mitogenic signals. Indeed, the im-
portance of extracellular matrix molecules in differentiation
has been established for other systems (Grobstein, 1975;
Gospodarowicz et al., 1978; Pennypacker et al., 1979; Bissell
et al., 1982; Watt, 1986; Savagner et al., 1986).

In the present study, we analyze the subset distribution of
functional FNR on thymocytes. We find that FNRs are pref-
erentially expressed on the proliferating subpopulations
within the CD4-8~ and CD4'8* subsets of thymocytes.
Based on the data presented here, it appears that the FNR
is important during the early phase of thymocyte develop-
ment involving cell proliferation and antigen receptor gene
rearrangements, and is lost after cell fate has been deter-
mined.

Materials and Methods

Reagents

The mAb 3.168 (rat IgM), anti-Lyt-2 (Sarmiento et al., 1980) was grown
as ascites, purified by boric acid precipitation, and coupled to FITC by stan-
dard methods. The F23.1 antibody (mouse IgG2a), anti-T cell receptor B
chain (Staerz et al., 1985) was purified from ascites by protein A chromatog-
raphy and biotinylated according to the method of Katona et al. (1983). The
hybridoma J1ld (rat IgM) anti-B cell and cortical thymocyte (Bruce et al.,
1981) was grown in vitro, and antibody was concentrated by ammonium sul-
fate precipitation. Anti-L3T4-phycoerythrin conjugate was purchased from
Becton Dickinson & Co. (Mountain View, CA), and Streptavidin-
phycoerythrin was from Bio-Meda (Foster City, CA). Antibody RLI172.4
(rat IgM) anti-L3T4 (Ceredig et al., 1985) was prepared and used in ascites
form. Guinea pig serum was purchased from Pel-Freeze (Rogers, AK).
P*H)Thymidine (*H]TdR; 2.0 Ci/mmol) was purchased from Néw England
Nuclear (Boston, MA). Fibronectin was prepared from mouse plasma ac-
cording to Engvall and Ruoslahti (1977). BSA was purchased from Sigma
Chemical Co. (St. Louis, MO). Peptides were synthesized on a peptide syn-
thesizer (model 430A; Applied Biosystems, Inc., Foster City, CA) and
purified on a Bio-gel TSK-SP-5PW column (Bio-Rad Laboratories, Rich-
mond, CA) at the La Jolla Cancer Research Foundation.

Thymocyte Attachment to Fibronectin

Thymocytes were isolated by mechanical disruption of young (5-wk)
BALB/c thymuses. Attachment to fibronectin-coated polystyrene was assessed
after a 2-h incubation at 24°C, as described (Cardarelli and Pierschbacher,
1986). FNR* cells were detached by adding 1 mg/ml glycine-arginine-
glycine-aspartic acid-serine-proline peptide for 10 min. As described previ-
ously (Cardarelli and Pierschbacher, 1987), this method detaches all adher-
ing thymocytes. Fibroblastic cells and macrophages were resistant to this
brief detachment period and did not appear in our analysis. The cells were
then washed and analyzed.

Incorporation of FH]TdR

FNR*, FNR", or unselected thymocytes (1 X 10° cells per well) were cul-
tured in microwells (96-well, Linbro, Flow Laboratories, Hamden, CT)
containing 1 uCi/well of PHJTdR. Periodically, the cpm in each fraction
was assessed. Proliferation was assessed by the incorporation of [*H]TdR
(1 uCi/well). The mean + SEM of six wells is expressed.
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Surface Staining

Aliquots of 10°-10° unselected or selected thymocytes were suspended in
50 pl of Hanks' balanced salt solution (HBSS) containing 2.5% FCS (Flow
Laboratories, Inc., McLean, VA). Staining reagents were added to predeter-
mined saturating concentrations, and cells were stained on ice for 45 min.
(This time was required for saturating F23.1 staining, although supraoptimal
for the other stains). Each aliquot was diluted in 3 ml of HBSS plus 2.5%
FCS, cells were pelleted and resuspended in either 0.5 ml of 1% paraform-
aldehyde fixative or 50 pl of second-layer staining reagent. After two-step
staining, cells were again washed and fixed. Flow cytometric analysis was
performed on a FACS IV (Becton Dickinson & Co.) using the Consort 30
data analysis package. Intact cells were demarcated from dead cells and de-
bris using forward and sideways light scatter, and 10,000 particles were ana-
lyzed for one- or two-color fluorescence. Results are presented either as
single-color histograms or as contour plots using logarithmic contour inter-
vals (3, 9, 27, and 81 cells per pixel). For F23.1 staining, the division into
TCR~, TCRP, and TCR" thymocytes was chosen on unselected thymocytes
where three discrete staining intensities were obtained. These gates were
maintained for analysis of FNR* and fibronectin-nonadherent (FNR")
cells.

Cell Cycle Analysis

Cells were classified into the cell cycle stages Gy, G;, S, or G/M based
on flow cytometric measurement of DNA and RNA content according to
the method of Darzynkiewicz et al. (1980). Briefly, cells were permeabilized
in a buffer containing 0.1% Triton and 10~ M EDTA, then acridine orange
(Polysciences Inc., Warrington, PA) was added to a final concentration of
10 pug/ml. After 2-5 min of equilibration, cells were analyzed for green
DNA fluorescence (using 515-530-nm-band pass filters) and red RNA
fluorescence (using a 630-nm-long pass filter). Contour plots were used to
establish markers that separated cells with baseline RNA and DNA levels
(Go); cells with baseline DNA but more RNA (G,); cells with intermediate
DNA levels (S); and cells with twofold baseline DNA levels (G,/M). Dead
cells and debris were excluded from analysis as in surface fluorescence mea-
surements.

Isolation of CD4-8 Thymocytes

Cells were suspended at 2-4 X 10’/ml in HBSS plus 2.5% FCS. The cyto-
toxic antibodies 3.168 and RL.172.4 were added to saturating concentra-
tions. After 30 min on ice, guinea pig serum was added as a source of com-
plement, and cell suspensions were warmed to 37°C to allow lysis. Two
complete killing cycles were performed to give CD4-8" thymocytes, which
were routinely ~99% pure on restaining and two-color FACS analysis.

Separation of Cells by Velocity Sedimentation

Thymocytes, 1 x 107 cells/ml in 40 ml of 0.25% BSA, were isolated and
separated by size using the technique of velocity sedimentation (Miller and
Phillips, 1969; Miller, 1973). Fractions of large and small cells were col-
lected and pooled separately, while the fractions that contained both large
and small cells (constituting €10% of the cells) were discarded. The cells
were analyzed for [PH]JTdR incorporation in overnight culture or stained
for cell surface markers CD4 and CDS8.

Results

FNR* Thymocytes Are Mostly CD4-8 and CD4*8*

In preliminary experiments, we found the cell surface pheno-
type of unselected BALB/c thymocytes to be mostly (78%)
CD4*8*, with a minor (3%) CD4-8~ subpopulation and
clear-cut CD4*8~ (13%) and CD4-8* (5%) subpopulations
as assessed by two-color FACS analysis. In these FACS anal-
yses we also saw a distinct CD4-8%!' subset, very infre-
quent (<2 %) in unselected thymocytes but more prominent
in the subpopulations selected by FNR-mediated adhesion.
In the analyses presented here we have chosen to regard these
cells as distinct from “mature” CD4-8* thymocytes and we
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will discuss them separately. Fig. 1 shows that adhesion
to fibronectin enriches for immature, “double-negative”
(CD478") cells. The FNR* cells were also slightly enriched
for a subpopulation of cells that express both CD4 and CD8§
(“double-positive” cells) and depleted of thymocytes that
have the more mature “single-positive” phenotypes, CD4*8~
or CD4-8*. Transfer of FNR™ cells to a second fibronectin-
coated dish showed that the FNR* cells had been quantita-
tively removed in the first incubation. It remains to be deter-
mined whether a subpopulation of FNR* single-positive
cells exists, or whether this is a contamination due to the
limits of the panning technique used. The antibodies cur-
rently available (anti-human fibroblast fibronectin receptor)
stain mouse cells poorly by immunofluorescence, so flow
cytometric reanalysis of the selected FNR* and FNR™ cells
is not possible. Overall, fibronectin adhesion selected for
cells with a more immature phenotype and selected against
mature thymocytes. To verify that FNR* cells were depleted
of mature thymocytes, we also assessed expression of T cell
antigen receptor.

Expression of T Cell Antigen Receptor 3 Chain (F23.1)
on FNR* Thymocytes

The antibody F23.1 recognizes an epitope on the B chain of
the T cell antigen receptor (Epstein et al., 1985; Sim and Au-
gustin, 1985). High-level B chain expression appears pre-
dominantly on CD4*8~ and CD4-8* cells, and expression at
low levels is mainly on a subpopulation of CD4+8* cells
(Roehm et al., 1984; Crispe et al., 1987b). Therefore, FNR*
cells from total thymus were stained with the F23.1 anti-
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antibodies against CD4 and CDS8.
The percentage of positive cells in
each quadrant are indicated.

body. When compared to unselected thymocytes, high-level
(F23.1") expression on the FNR* thymocytes was signifi-
cantly reduced (Fig. 2) with 1.7% expressing high levels of
F23.1 as compared to 5.6 % of unselected thymocytes. In con-
trast, the FNR* subpopulation contained a proportion of
F23.1% cells similar to that of unselected thymocytes. These
data show that fibronectin adherence is associated with thy-
mocyte subsets that are TCR™ or TCRY. Since FNR* cells
are enriched for immature cells by several phenotypic cri-
teria, we tested them for their proliferative capability.

Cell Cycle Analysis of FNR* Thymocytes

It has been reported that ~15 % of all young adult thymocytes
are proliferating with an average cell cycle time of 9 h (Met-
calf, 1966; Rothenberg and Lugo, 1985). Thymic lympho-
blasts fall mainly into two subpopulations, CD4-8~ and
CD4+8*, and fibronectin adherence selects for these thymo-
cyte subsets. Because this suggests an association between
FNR expression and proliferation, we carried out cell cycle
analysis using acridine orange staining on the total and
FNR* cells (Table I). Among unselected thymocytes, 83 %
were in Gy. In contrast, FNR* cells were much more fre-
quently in cycle. Thus, there is a strong bias towards prolifer-
ation in the FNR* thymocyte population.

[PH]TdR Incorporation by FNR* Thymocytes

Because enrichment of proliferating cells was obtained by
panning on fibronectin, we next asked whether adherence to
fibronectin directly delivers a mitogenic signal. To address
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Table 1. Cell Cycle Analysis of FNR* Thymocytes

Table 11. Cell Cycle Analysis of FNR* CD4-8 Thymocytes

Cell cycle stage (AO): % of cells

Cell cycle stage (AO): % of cells

Thymocytes Gy G S G/M CD478 Thymocytes Go G, S G,/M
Unselected 82.8 4.3 5.1 5.0 Unselected 61.3 13.2 14.4 9.6
FNR* 55.7 12.6 12.1 15.6 FNR* 48.8 16.4 19.0 13.6

this, the FNR*, FNR-, and unselected thymocytes were
first incubated for various time intervals in the presence of
[PH]TdR, and incorporation was assessed (Fig. 3). At all
time points studied, PH]TdR incorporation was significant-
ly higher in the FNR* subpopulation. Even after 24 h, thy-
midine incorporation was threefold higher in the FNR*
group when compared to FNR™ cells. Neither addition of
recombinant interleukin-2 nor culturing thymocytes on fibro-
nectin-coated substrates had an effect on the proliferative ca-
pacity in all three groups (data not shown). Additionally, by
microscopic evaluation the number of cells present after
overnight incubation was greater in the FNR* fraction.
These data are in agreement with the cell cycle analysis data
which showed that FNR* thymocytes are enriched for pro-
liferating cells. Furthermore, fibronectin itself does not ap-
pear to provide a mitogenic signal.

Attachment of CD4-8 Thymocytes to Fibronectin

Since FNR* thymocytes are enriched for cells with the
CD4-8~ phenotype (see Fig. 1), purified double-negative
cells were made by two cycles of antibody and complement

FNR*
110,000 |~
3
90,000 I~
70,000 - Unfractionated
= -
& FNR™
50,000 |-
30,000 |-
ol
10,000 -
1 1 1 1
0 1 2 3 4
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Figure 3. Time-course of [PH]JTdR incorporation of FNR* and
FNR- thymocytes. FNR* thymocytes, FNR~ thymocytes, or un-
fractionated thymocytes (1 X 10° cells per well) were incubated
for 30 min, or 1, 2, 3, or 4 h in the presence of 1 uCi of [*H]TdR.
Each point represents the mean + SEM, n = 4. The correlation
coefficient for each line was >0.99.
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treatment, and these cells were 99% pure CD4-8" cells as
judged by two-color FACS analysis (data not shown). These
double-negative cells were then assessed for their ability to
bind to fibronectin-coated dishes. An estimated 20 + 5%
of CD478" cells bound specifically to fibronectin-coated
dishes (compared to 10% of total thymocytes) (Cardarelli
and Pierschbacher, 1986). After detachment of the FNR*,
double-negative cells with the RGD-containing peptide, the
cells were stained with antibodies directed against interleu-
kin-2 receptor (IL-2R) and J11d, which define functionally
distinct subsets of CD478~ cells (Crispe et al., 1987a;
Shimonkevitz et al., 1987). We found that 74% of these
FNR* CD48" cells were positive for J11d and 36% carried
IL-2R on their surface (Fig. 4), whereas the FNR™ subset
was 45 % positive for J11d and 22 % positive for IL-2R. Thus,
the fibronectin panning enriched for cells that express J11d
and IL-2R.

Cell Cycle Analysis of FNR*, CD4-8 Thymocytes

Table II shows that, based on acridine orange cell cycle anal-
ysis, CD4-8" cells are more often in cycle than are total
thymocytes (Table I). Selection of CD4-8" cells by virtue of
their adhesion to fibronectin enriches further for cells in
Gy, S, and Go/M. This enrichment could not account for
the increase obtained from thymidine uptake data and cell cy-
cle analysis of total FNR* thymocytes, because CD4-8~
make up such a small proportion of total thymocytes. This
fact, together with the observation that total FNR* thymo-
cytes are not depleted of CD4+8* cells, strongly suggests
that FNR* CD4*8* cells also contain a subpopulation of
blast cells.

The preceding data on unselected thymocytes and isolated
CD4-8" cells indicate that FNR* cells are greatly enriched
for cells in cycle. To determine whether FNR expression is
associated with all thymic blast cells or only with subpopula-
tions of blast cells, it was necessary to examine blast cells
in isolation.

Cell Surface Phenotype of FNR* Blast Cells

Large thymocytes were separated from small cells by veloc-
ity sedimentation using a BSA density gradient (Miller and
Phillips, 1969; Miller, 1973). In the experiment shown, 17%
of the thymocytes were large blast cells. Two-color FACS
analysis of the isolated blast cells (Fig. 5) showed that all four
major subpopulations of thymocytes were represented, but
CD478 cells were highly enriched (14%). Both “single-
positive” populations were present and there was a significant
proportion (4%) of CD4-8%! cells. Of the total isolated
large cells, ~50% attached to fibronectin; this reflects exten-
sive enrichment for FNR* cells by this procedure (Table
III). The large cells were greatly enriched for cells in cycle,
as judged by [PH]TdR incorporation; and both FNR* and
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FNR™ blast cells incorporated thymidine equally (data not
shown). In contrast, the isolated small cells did not incor-
porate [*H]TdR, nor did they attach well to fibronectin.
This suggests that while not all blast cells are FNR*, most
FNR* cells are blast cells (Table III). In comparison to the
total blast cells, however, the isolated FNR* blast cells were
mostly CD4-8~ and CD4+*8*, and CD4*8" cells were strik-
ingly absent (the boundaries used to define the subpopula-
tions scored 3% of cells as CD4*8~ in this analysis, but the
contour plot shows that most of this is overlap from other
subsets and bona fide CD4*8~ cells were much rarer). Both
CD478* and CD4-8!" cells were present, although the
former were slightly depleted (6%). In the FNR™ blast
cells, CD4*8~ cells were prominent (9%) and CD4-8* cells
(8%) were a little more prominent than CD4 8%! cells
(3%). Thus, the selection of blast cells on the basis of FNR
expression had only a subtle effect on CD4-8* cells, but
completely altered the proportion of CD4*8~ cells. This
distinction between the two categories of “single-positive”
thymocytes has parallels in a number of other phenotypic and
functional characteristics (see Discussion).

Discussion

We have proposed that the extracellular matrix protein,
fibronectin, plays a role in T cell differentiation (Cardarelli
and Pierschbacher, 1986, 1987). In this study, we have exam-
ined the distribution of FNR on subpopulations of mouse
thymocytes. RGD-dependent fibronectin-binding activity is
found mainly on immature thymocytes with the phenotypes
CD4-8 and CD4+8*, while it is rare among mature cells of
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centage of cells that were positive
for the antibodies are indicated in
each quadrant.

the CD4-8* and CD4*8~ phenotypes. In contrast, thymo-
cytes with high surface density of antigen receptors, detected
by the F23.1 antibody against a family of Vy gene products,
segregate in the FNR~ subpopulation.

Previous studies have suggested that most proliferative ac-
tivity in the thymus occurs in the CD4-8~ and CD4*8*
thymocytes subsets (Scollay et al., 1984) where we have de-
tected FNR* cells. By using acridine orange cell cycle anal-
ysis as well as [P'H]TdR incorporation, we found that FNR*
thymocytes were indeed greatly enriched for cells in cycle.
Thymidine incorporation of FNR* cells was not affected by
any of the substrates on which they were cultured even in the
presence of exogenous interleukin-2; this suggests that
fibronectin itself was not delivering a mitogenic signal to
thymocytes during overnight culture. Gospodarowicz et al.
(1986) have shown that the ability of fibroblast growth factor
to promote cell proliferation correlates with its ability to
modulate synthesis of extracellular matrix components such
as fibronectin. They propose that the effect of the matrix on
cell proliferation may be a permissive one resulting in an in-

Table 1ll. Adhesion of Thymocyte Blast Cells to Fibronectin

FNR* FNR™ Adherent cells*
n n %
Blast cells 6.55 x 10° 6.85 x 108 48.9
Small cells 0.70 x 10¢ 47.5 x 10 1.4

* Numerical addition of FNR* blast cells and small cells shows that ~11.7%
of the cells attach to fibronectin, which is in good agreement with what we find
when unselected thymocytes are fractionated by panning on fibronectin.
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Figure 6. Model of FNR expression during thymocyte differentia-
tion. The model proposes that FNRs (4) are expressed on early
CD478 cells that are J11d*. After transiently expressing the IL-
2R, the cells reach a branch point at which their developmental fate
is determined. The cell labeled Intermediate cell? indicates that it
is still not clear whether the functionally mature cells and the small
CD4*8* cells both derived from CD4*8* blasts or from some
common precursor that is not CD4*8*. We propose that the cells
of this branch point are FNR* and lack high-level expression of T
cell antigen receptor (V). These cells can become small CD4+*8*
cells that are believed to be committed to cell death (). Alterna-
tively, they can give rise to CD4*8~ or CD4-8* cells which lack
FNR and express high levels of T cell antigen receptor. We propose
that the loss of both FNR and J11d is associated with maturation of
functional T cells that are then competent to leave the thymus.

creased cell sensitivity to plasma factors. Whether FNR*
thymocytes are more sensitive to soluble factors within the
thymus has yet to be determined.

The earliest thymocytes are CD478~ (Ceredig et al.,
1983), and these cells appear to give rise to all thymocyte
subsets in vitro (Fowlkes et al., 1984; Kisielow et al., 1984)
and in vivo (Fowlkes et al., 1985). However, the CD4-8-
subpopulation of thymocytes is itself heterogeneous (Scollay
et al., 1984; Fowlkes and Mathieson, 1985; Ceredig et al.,
1985; Raulet, 1985; Scollay and Shortman, 1985). Recent
studies of the recolonization potential of some of these sub-
sets show that early T cells express the marker J11d (Crispe
et al., 1987a) but lack the IL-2R, while their immediate
differentiation products are IL-2R* (Shimonkevitz et al.,
1987). Because we found a greatly increased proportion of
CD4-8" cells among FNR* thymocytes, we correlated FNR
expression with the subset markers J11d and IL-2R on iso-
lated CD4-8 thymocytes. The FNR*CD4-8" cells were en-
riched for the J11d*IL-2R~ and J11d* IL-2R* subsets, both
of which are early stages in T cell differentiation. On the
other hand, the FNR™CD4-8~ cells were enriched for the
Ji1d"IL-2R" subset, a cell population which lacks precursor
function in fetal organ culture and in vivo (Crispe et al.,
1987a), lacks voltage-gated K* channels (McKinnon and
Ceredig, 1986), and expresses antigen receptors using the
V38 gene family on a uniquely high proportion of cells
(>50%) (Budd et al., 1987; Fowlkes et al., 1987). In parallel
with the surface staining, acridine orange cell cycle analysis
showed that the FNR* subpopulation of CD478~ thymo-
cytes was enriched for cells in cycle.
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To determine whether FNR expression was associated
with cell size per se or with particular subpopulations of
blast cells, we prepared a thymocyte fraction greatly en-
riched for large cells using velocity gradient sedimentation,
and then separated the cells into FNR* and FNR-. The
blast cells were enriched for CD4 8 cells, but all of the
other cell populations were well represented (including
the CD4-8* and CD4*8"). Strikingly, the FNR* subset of
the blasts were essentially devoid of CD4*8" cells, and was
composed mainly of CD478~ and CD4*8* cells.

Previous work suggests an asymmetry between CD4 8%
and CD4*8~ thymocytes. Only the CD4-8* contain func-
tionally distinct subsets defined by the progenitor and corti-
cal thymocyte marker J11d; the J11d*CD4-8* cells are func-
tionally incompetent while the J11d-CD4-8* cells share the
activation characteristics and cytotoxic T cell precursor ac-
tivity of peripheral CD8* T cells (Crispe and Bevan, 1987).
In a three-color flow cytometric analysis of CD3 expression,
CD478* but not CD4*8~ thymocytes contained distinct
CD3* and CD3%- subpopulations (Bluestone et al.,
1987). Similarly, the J11d*CD4-8* cells lack TCR B chains
(Crispe et al., 1987b). We now find another sharp distinc-
tion; CD4-8* blast cells can be readily divided into FNR*
and FNR- cells although the FNR* cells express lower
overall levels of CD8. In contrast, no FNR*CD4*8~ blast
cells were found.

Fibronectin has been shown to promote cell migration,
particularly during embryonic development (Thiery et al.,
1985). Either RGD-containing peptides or antibodies to the
integrin complex inhibit embryonal cell migration (Boucaut
et al., 1984; Bronner-Fraser, 1985). Additionally, the ex-
pression of fibronectin receptors on erythroid and myeloid
progenitor cells have been postulated to be involved in main-
taining the cells anchored in the bone marrow until their re-
lease at which time they lose their ability to bind to fibronec-
tin (Patel and Lodish, 1984; Patel et al., 1985; Giancotti et
al., 1986; Patel and Lodish, 1986). In an analogous manner,
loss of FNR on the developing thymocyte may be essential
for the release of mature T cells from the thymus. However,
this hypothesis should be approached with caution, as small
CD4*8* thymocytes which die intrathymically do not ex-
press FNR. We have found, however, that resting peripheral
blood lymphocytes, both T and B cells, do not attach to
fibronectin (unpublished observation). Our studies also
show that many FNR* thymocytes express TCR at a low
level, indicating that at least the majority of FNR* cells are
cortical and at early stages of development (Kyewski et al.,
1984; Farr et al., 1985; Kingston et al., 1985). However, the
overlap in time between the first expression of antigen-
specific molecules and loss of the fibronectin receptor might
be explained by the need for extensive modification of the T
cell repertoire before cells attain functional competence.

In the present study, we have found FNR expressed pret-
erentially on early (J11d*CD4-8") precursor cells and on
CD4*8* blast cells, and selectively lacking on functionally
mature (CD4-8" and CD4*87) cells and cells committed to
intrathymic death (small CD4*8* cells). On this basis we
propose that FNRs may play a role in early differentiation
events before lineage commitment occurs. Then, after some
critical branch point(s) in the differentiation pathway, the
cells down-regulate the FNR, and those which are destined
to exit as functional T cells also upregulate the TCR (Fig. 6).
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Although the exact surface phenotype of the selectable cells
remains unknown, it is probable, based on the data presented
here, that they express FNRs. Such receptors would provide
a means of obtaining purified populations of these selectable
cells. In addition, an understanding of the adhesive interac-
tions that take place in the thymus may be vital in our under-
standing of the events that dictate cell commitment.
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