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The T-200 (CD45R) family of molecules are expressed with selective isoforms
through a process ofexon splicing on functionally distinct T cell subsets (1-3). Ex-
pression of the higher molecular weight (200,000-220,000Mr) isoforms on the sur-
face of resting CD4+ T cells has been associated with downregulation of immune
responses (4-7), which may relate to the tyrosine phosphatase activity of the CD45R
complex (8-11) . Whether the expression of the higher molecular weight isoforms
recognized by anti-CD45RA (2144) mAbs represents different lineages of T cells
and/or a stage in the sequential pathway of T cell differentiation remains unknown
(4-7) . The decreased expression of CD45RA with T cell activation of bulk T cell
populations and the inability ofinvestigators to identify a stable human T cell clone
expressing cell surface CD45RA molecules has been evidence suggestingthat CD45RA
expression may represent a marker of naive T cells, while expression of the lower
molecular weight isoforms of the T-200 complex recognized by anti-UCHL-1 mAb
represents memory T cells (5-7) .
We now report the characterization of a smaller subpopulation of T cell clones

that were induced to express the CD45RA molecule with activation by ionomycin .
This CD45RA expression was also upregulated in a specific manner by the cytokines
IL-1 and IL-6. These results indicate CD45RA expression can define T cell lineages
in a subpopulation of activated T cells.
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Materials and Methods

BriefDefinitive Report

Cloning.

	

PBMC were directly cloned at less than one cell per well with 105 autologous,
irradiated (5,000 rad) PBMC and purified PHA (PHA.P) (1 .0 jg/ml) (Wellcome Diagnostics,
Beckenham, UK) in 96-well Vbottomed plates in standard media consisting of 10% pooled
human AB serum in RPMI (Whitaker M. A. Bioproducts, Walkersville, MD), 2% gluta-
mine (Gibco Laboratories, Grand Island, NY), and 1% penicillin/streptomycin (Gibco Labora-
tories). 48 h later, 0 .1 ml ofmedia containing 10% IL-2 (ABI, Columbia, MD) and 50 U/ml
of rIL-4 (Genzyme, Boston, MA) was added to each well . Cultures were fed with IL-2 and
IL-4 every 3-5 d until approximately day 12, when all the wells were passed to 96-well U-bot-
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tomed plates . Growth-positive wells were scored macroscopically and transferred into Vbot-
tomed plates with 5,000 cloned T cells per well with 10 5 allogeneic, irradiated (5,000 rad)
mononuclear cells and PRAT with IL-2 plus IL-4 . When there were 2-10 x 10 4 T cells per
Vbottomed well (usually 3-5 d), clones were transferred to flasks . T cell clones were restimu-
lated every 10-14 d, as above .

Resting T cell clones (stimulated 7 d earlier with PRAT and feeder cells) were activated
with ionomycin (Calbiochem-Behring Corp ., La Jolla, CA) (100 ng/ml) and PMA (Sigma
Chemical Co., St. Louis, MO) (1 ng/ml) and incubated for 3 or 12 h . Cytofluorographic anal-
ysis after staining of resting and activated clones was performed by means of either direct
immunofluorescence with phycoerythrin (PE)-conjugated anti-CD45RA' (2H4) mAb (Coul-
ter Immunology, Hialeah, FL) with background fluorescent reactivity determined using PE-
conjugated mouse Ig of the same isotype as a control, or in some experiments, by indirect
immunofluorescence (4) . Flow cytometric analysis was performed using an Epics C flow cyto-
meter (Coulter Electronics, Hialeah, FL) . All incubations were for 30 min with two washes
between steps and before analysis .

Immunoprecipitation.

	

T cells were labeled by lactoperoxidase-catalyzed iodination, (1) washed,
and solubilized in lysis buffer (1°Jo NP-40 [wt/vol] in 20 ml Tris-HCL buffer, pH 8.0, con-
taining 100 mM NaCl and 1 mM PMSF) . The lysate was then incubated with 5 pl of the
mAb 9.4 (a kind gift of Dr. P Martin, Seattle, WA) before precipitating with 50 pl of 10%
(wt/vol) protein A-Sepharose (12) . Immunoprecipitates were washed three times in lysis buffer
before analysis on a 5-7% gradient gel .

Cytokines.

	

T cell clones were purified by density centrifugation on a Ficoll/Hypaque gra-
dient after being stimulated between 7 and 14 d earlier with PHAT and accessory cells ir-
radiated with 5,000 rad . This population consists of only T cells with no viable accessory
cells . 10 6 T cell clones were incubated with complete media for 18 h at 37'C with IL-1 (3
U/ml; Genzyme), rIL-2 (10 U/ml), rIL-4 (10 U/ml; Genzyme), rIL-5 (1 U/ml), rIL-6 (10
U/ml), and IFN-y (1,000 U/ml ; Genzyme) (rIL-2, rIL-5, and rIL-6 were gifts from Drs .
Steven Clark and Ken Jacobs, Genetics Institute, Cambridge, MA), and stained with anti-
2H4 mAb and mouse Ig as described above .

Results
A total of 81 T cell clones were derived from two subjects for examination of

CD45RA expression. In subject Ar, 7/41 T cell clones expressed CD45RA with acti-
vation . Of these, 4/9 (44%) were CD8', and 3/32 (9%) were CD4' . Another series
of T cell clones were generated from subject Re; of which, two offour CD8+ clones
expressed CD45RA with activation while none of the CD4+ clones were positive
(Fig . 1) . All ofthe clones expressed high densities of cell surface CD45RO (UCHL-
1) and CDw29 (4B4) molecules both at rest and with activation .
A number of T cell clones expressing CD45RA from subject Re were expanded

to large numbers to further investigate CD45RA regulation . The kinetics of the
CD45RA expression was examined by activating clone Re.F with ionomycin and
PMA. Re.F expressed high densities of cell surface CD45RA within 12 h after acti-
vation, which was not observed among the other T cell clones (shown is clone Re.I,
Fig. 1) . Similarly, CD45RA expression in clone Re.F could be induced by ionomycin
alone without PMA. In some experiments, CD45RA expression persisted throughout
the cell cycle without further augmentation by reactivation, though it was most prom-
inent in the T cell population with the greater forward angle and 90° light scatter
further indicating that activated cells were preferentially induced to express the
CD45RA' complex . These clones were carried in culture for -11 mo before losing
expression of the CD45RA molecule .
The specific isoforms expressed on the cell surface can be identified by immuno-
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FIGURE 1 .

	

Activation of clone Re.F induces the expression ofCD45RA (2H4) molecule . Clone
Re.F and a representative clone, Re .I, were analyzed for the expression of CD45RA' (2H4) at
rest or after stimulation with ionomycin and PMA for varying lengths of times . Cell numbers
are represented on the vertical axis, and fluorescence, on a logarithmic scale, is on the horizontal
axis . Background staining with ascites did not change after activation .

precipitation using anti-CD45R mAbs (1). As shown in Fig. 2, an additional band
at 200,000 Mr was seen in activated clone Re.F compared with other anti-2H4 - T
cell clones corresponding to the specific isoform of CD45RA+ , confirming the
phenotypic characterization . Expression of the 200,000 Mr isoform on the surface
ofclone Re .F appeared identical to that observed in resting peripheral blood Tcells .
There was no expression of the highest (220,000 Mr) molecular weight isoform of
the T-200 complex on clone Re.F.
As activation by ionomycin alone could induce CD45RA+ expression, the higher

molecular weight isoform expression recognized by anti-2H4 mAb may have been
induced by the autocrine release of cytokines . This was directly investigated by cul-
turing the resting clones Re.F and RE.9, 7 d after last stimulation, with either IL-1,
IL-2, IL-4, IL-5, IL-6, or IFN- ,y for 18 h. It was found that IL-1 and IL-6 directly
upregulated CD45RA+ expression, while the other cytokines did not (shown is Re.F
in Fig. 3) . Similarly, five of the seven clones from subject Ar that could express
CD45RA+ were induced to express CD45RA after incubation with IL-1 (data not
shown) . This demonstrates that IL-1 induction of CD45RA expression is a property
of a significant subset of human T cell clones .

FIGURE 2. Phenotypic expression of CD45RA
(2H4) molecule on Re.F correlates with 200,000Mr
isoform of T-200 complex. Three T cell clones and
PBMC, activated as described in Fig. 1 for 12 h, were
labeled by lactoperoxidase-catalyzed iodination and
lysed in NP-40 lysis buffer forimmunoprecipitation
as previously described (1) . Each sample was precipi-
tatedwith either normalmouse serum or antiT200 .
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FIGURE 3.

	

Incubation ofclone Re.F with IL-1 or IL-6 induces CD45RA (2114) expression . Clone
Re.F, 7-10 d after stimulation, was incubated with the lymphokines as indicated for 18 h at 37 °C
and stained with anti-2114 mAb as described in Fig. 1 . rIL-5 and IFN--y had noeffect onCD45RA
expression and are not shown. Cell numbers are represented on the vertical axis, and fluores-
cence, on a logarithmic scale, is on the horizontal axis.

TCR genes were examined on genomic DNA to examine whether the CD45RA+
clones expressed TCRa/S or TCRy/& Southern blot analysis showed a normally
rearranged (3 chain ofthe TCR, indicating a TCRa/l#heterodimer (data not shown) .
The presence of a single rearrangement on Southern analysis also indicated the ab-
sence of contamination by second clones .

Discussion
T cells can be cloned directly from the peripheral blood before other in vitro ma-

nipulation with very high cloning efficiency usingPHA andgrowth factors, including
IL-2 and IL-4 . Using this method, a panel of T cell clones could be derived that
were representative ofcirculating Tcells without regard to preselection by function
or by kinetics of cell growth . This allowed us to identify a smaller population of T
cells that could be induced to express the higher molecular weight isoforms of the
T-200 complex, CD45RA, recognized by the anti-2114 mAb. These studies indicate
that CD45RA (2114) expression can define a T cell lineage in a subpopulation of
T cells that can at times be regulated by IL-1 and IL-6 .

Recent evidence has indicated that the CD45 T-200 complex expresses tyrosine
phosphatase activity (8). In addition, CD4 and CD8 molecules are known to as-
sociate with p56Ick protein kinase (9, 10), which can phosphorylate members of the
CD3 complex (13) . CD45 is thought to function in the regulation of immune re-
sponses by dephosphorylating tyrosine residues in target proteins, such as the 'chain
of the CD3/TCR complex (11, 14). It may be speculated that the ability of IL-1,
IL-6, or ionomycin to induce CD45RA expression is linked to tyrosine phosphatase
activity, which then impinges on CD4/Ti/CD3 interactions . Further studies of tyro-
sine phosphatase activity induced by IL-1 or IL-6 signaling in relationship to func-
tional suppression are presently under investigation.

Clear parallels have been demonstrated between the activities of IL-1 and IL-6,
potentially explaining why both cytokines could regulate CD45RA expression in
the present investigation . It is also possible that IL-1 or ionomycin induced CD45RA
expression indirectly by autocrine secretion of IL-6, as IL-1 is a potent inducer of
IL-6 secretion in many cell types (15) . This possibility is consistent with the presence
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ofinducible IL-6 mRNA in clone Re.F (data not shown), though the lack of induc-
ible IL-1 mRNA indicates that the effect of IL-6 is not mediated through IL-1 secretion.

Previous studies by some laboratories examining bulk T cell populations suggested
that expression of the CD45RA molecule disappears with T cell activation (5, 6).
In the present studies, direct single cell cloning has allowed for a more detailed an-
alysis of less frequent cell populations. Moreover, recent work by Rothstein et al .
(16) has shown that 30-50% of 2H4+ T cells stimulated with Con A express the
CD45RA isoforms in a stable fashion (16) . These CD45RA+ cells remain function-
ally distinct as suppressor cells, in contrast to CD45RA- cells, which provide
increased levels of help . Nevertheless, these studies in total do not exclude the possi-
bility that CD45RA expression mayalso represent asequential differentiation pathway
in certain T cell subsets.
Taken together, these investigations indicate that CD45RA (2H4) expression can

be observed on asubpopulation of long-term T cell clones that can at times be regu-
lated by the cytokines IL-1 and IL-6 . Moreover, these results may have implications
regarding the regulatory actions of IL-1 and IL-6, with their ability to increase
CD45RA expression in subpopulations of human T cells.

Summary

Whether the expression ofhigher molecular weight isoforms ofthe T-200 complex
represents different lineages of T cells and/or a sequential stage of the differential
pathway ofT cells has been unclear. Understanding Tcell expression ofhigher mo-
lecular weight isoforms of the T200 complex (CD45R) may be important because
oftheir association with regulation of immune responses. By direct single cell cloning,
we observed a number of long-term T cell clones that expressed CD45RA (2H4).
CD45RA expression couldbe further regulated by ionomycin or the cytokines IL-1
and IL-6, but not IL-2, IL-4, or IFN-y . These results indicate that CD45RA ex-
pression may define T cell lineages of activated T cells partially controlled by the
cytokines IL-1 and IL-6. Further, these results may associate regulatory actions of
IL-1 and IL-6 with their ability to increase CD45RA expression in subpopulations
of human T cells .

We thank Drs. D. Rothstein,J.W. Sleasman, C. Morimoto, H. Weiner, andS. F Schlossman
for helpful discussions; Drs. S. Clark and K. Jacobs for gifts of cytokines; Coulter Immu-
nology, Hialeah, FL, for gifts of mAbs ; and Ms . Debbie Benjamin for valuable technical
assistance .

Receivedfor publication 25 July 1989 and in revised form 18 September 1989.

References
1 . Rudd, C. E., C. Morimoto, L. L. Wong, and S. F Schlossman. 1987 . The subdivision

of the T4 (CD4) subset on the basis of the differential expression of L-C/T200 antigens .
J. Exp. Med. 166:1758.

2. Thomas, M. L., A. N. Barclay, J. Gagnon, and A. F Williams. 1985 . Evidence from
cDNA clones that the rat leucocyte-common antigen (T200) spans the lipid bilayer and
contains a cytoplasmic domain of 80,000 Mr. Cell. 41:83.

3. Streuli, M., T Matsuyama, C. Morimoto, S. F. Schlossman, and H. Saito. 1987 . Iden-



2152

	

BROD ET AL.

	

BRIEF DEFINITIVE REPORT

tification ofthe sequence required for expression ofthe 2H4 epitope on the human leu-
kocyte common antigens . J. Exp. Med. 166:1567.

4. Morimoto, C., N. L. Letvin, J. A. Distaso, W. R. Aldrich, and S. F. Schlossman . 1985 .
The isolation and characterization of the human suppressor inducer T cell subset . J.
Immunol. 134:1508.

5 . Akbar, A. A., L. Terry, A. Timms, P C. L. Beverley, andG. Janossy. 1988 . Loss ofCD45R
and gain of UCHL-1 reactivity is a feature of primed T cells . J. Immunol. 140:2171 .

6. Clement, L. T., N. Yamashita, and A. M. Martin . 1988 . The functionally distinct sub-
populations of human CD4' helper/inducer Tlymphocytes defined by anti-CD45R an-
tibodies derive sequentially from a differential pathway that is regulated by activation-
dependent post-thymic differentiation. J. Immunol. 141:1464.

7. Sanders, M. E., M. W. Makgoba, S. O. Sharrow, D. Stephany, T. A. Springer, H. A.
Young, and S. Shaw. 1988. Human memory T lymphocytes express increased levels of
three adhesion molecules (LFA-3, CD2, and LFA-1) and three other molecules (UCHL-1,
CDw29, and Pgp-1) and have enhanced IFN--y production . J. Immunol. 140:1401 .

8 . Tonks, N. K., H. Charbonneau, C. D. Diltz, E. F Fischer, andK. A. Walsh. 1988 . Demon-
stration that the leucocyte common antigen CD45 is a protein tyrosine phosphatase . Bio-
chemistry. 27:8695.

9. Rudd,C. E., J. M. Trevillyan, J. D. Dasgupta, L. L. Wong, andS. F. Schlossman . 1988 .
The CD4 receptor is complexed in detergent lysates to a protein-tyrosine kinase (pp58)
from human T lymphocytes. Proc. Nail. Acad. Sci. USA. 85:5190.

10 . Veillette, A., M. A. Bookman, E. M. Horak, and J. B. Bolen. 1988 . The CD4 and CDS
T cell surface antigens are associated with the internal membrane tyrosine-protein ki-
nase p56mk. Cell. 55:301 .

11 . Ledbetter, J. A., N. K. Tonks, E. H. Fischer, and E. A. Clark. 1988. CD45 regulates
signal transduction and lymphocyte activation by specific association with receptor mol-
ecules on T and B cells. Proc. Nail. Acad. Sci. USA. 85:8628.

12 . Goding, J . W. 1980 . Structural status of murine lymphocyte surface IgD. j Immunol.
124:2082 .

13 . Barber, E. K., J. D. Dasgupta, S. F. Schlossman, J . M. Trevillyan, and C. E. Rudd .
1989 . The CD4 andCD8 antigens are coupled to a protein tyrosine kinase (p56") that
phosphorylates the CD3 complex. Proc. Natl. Acad. Sci. USA. 86:3277.

14 . Rudd,C . E., P Anderson, C. Moriomto, M. Streuli, and S. F. Schlossman . 1989 . Molec-
ular interaction, T cell subsets and a role of the CD4/CD8:p56iak complex in human T
cell activation . Immunol. Rev. 111 :225 .

15 . Wong, G. G., and S. C. Clark. 1988 . Multiple actions ofinterleukin 6 within a cytokine
network. Immunol. Today. 9:137 .

16 . Rothstein, D., S. Sohen, S. F. Schlossman, and C. Morimoto. 1989 . CD4' CD45R' and
CD45R- subsets in man remain distinct after activation with Con A. FASEB (Fed. Am .
Soc. Exp. BioL)J. 3:A1272 .


