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SUMMARY

Among peripheral T cells, the expression of CD4 and CD8 is almost mutually exclusive. However,

here we show, using ¯ow cytometric analysis, that ex vivo approximately 6% of rat T cells stained for

both CD4 and CD8. These double positive cells were also detected by confocal microscopy. Only

around 50% of double positive cells expressed the CD8b chain, the remaining cells expressed the

CD8a chain alone. Double positive cells were blast-like with a phenotype, distinct from that of

either CD4 or CD8 single positive cells, suggestive of an activated state. Previous reports of double

positive T cells have also suggested that coexpression of CD4 and CD8 is linked to the activation

state of the cell. There was an indication that priming animals with a hapten-carrier complex

increased the ratio of CD8aa : ab expressing double positive T cells, although we did not detect an

increase in the frequency of double positive T cells following priming. We also show that the

frequency of double positive cells was reduced following thymectomy and with age. In conclusion,

these studies show that peripheral T cells expressing both CD4 and CD8 can be detected in the rat

and that they are phenotypically distinct from CD4 and CD8 single positive T cells.

INTRODUCTION

On the majority of peripheral T cells, the expression of CD4

and CD8 is mutually exclusive and commonly CD4+ T cells

modulate the function of other cells while CD8+ T cells are

cytotoxic. However, it is becoming increasingly recognized that

these distinctions are not so clear cut, with reports in the

literature of cytotoxic CD4+ T cells,1 non-cytotoxic CD8+

T cells2 and T cells that express both CD4 and CD8.3±18 Double

positive cells have been observed in vitro following activation of

human,3,4 swine5,6 and rat7,8 T cells and also in vivo in healthy

humans3,9,10 and swine.5,11 Their frequency is increased during

conditions where the immune system is activated: bacterial

infection in mice12 and humans,13 viral infection in humans,9

hapten-carrier primed rats,14 autoimmune disease9,15,16 and

after transplantation in rats17 and humans.18 These reports

indicate that the coexpression of CD4 and CD8 may be linked

to the activation state of the T cell. Contrary to these ®ndings,

it has been suggested that murine and human double positive

cells, obtained after in vitro activation, could be artefacts

produced by the association of CD4 and CD8 single positive

cells during ¯ow cytometric analysis or the absorption of CD8

by CD4 single positive T cells.19 The origin of double positive

T cells is also unclear. It has been suggested that double

positive T cells are double positive thymocytes which have been

released from the thymus prematurely.20 In humans, thymect-

omy totally eliminated double positive T cells,15 however, in

rats, thymectomy had no effect on their number17 and, in

swine, thymectomy actually resulted in an increase in double

positive T cells.21

The purpose of this present study was to determine whether

double positive T cells exist in the periphery of normal rats and,

if so, to analyse the phenotype of these cells. The dependence of

double positive T cells on the thymus and the possible link

between T-cell activation and coexpression of CD4 and CD8

were also explored.

MATERIALS AND METHODS

Animals

PVG.RT1c rats were obtained from the speci®c pathogen-free

breeding facilities of the Sir William Dunn School of Pathology

(Oxford, UK). Animals were thymectomized (Tx) at 6 weeks of

age. Age- and sex-matched sham Tx (ShTx) animals had their

thymi exposed but not removed.
Correspondence: Dr F. Ramirez, Sir William Dunn School of

Pathology, University of Oxford, Oxford, OX1 3RE, UK.

Received 6 December 1999; revised 20 March 2000; accepted

4 April 2000.

Abbreviations: B, biotinylated; DAM, donkey anti-mouse; LN,

lymph node; mAb, monoclonal antibody; NMS, normal mouse serum;

NRS, normal rat serum; RTE, recent thymic emigrant; SA-QR,

streptavidin quantum red; ShTx, sham thymectomized; TDL, thoracic

duct lymphocytes; Tx, thymectomized.

Present address: *Department of Immunology, Hammersmith

Hospital, Du Cane Road, London W12 0NN, UK.

Immunology 2000 101 178±184

# 2000 Blackwell Science Ltd178



Monoclonal antibodies (mAbs)

The mouse mAb used in these studies were as follows: OX7

(anti-rat Thy-1),22 OX8 (anti-rat CD8a chain hinge region),23

OX21 (anti-human C3b inactivator),24 OX22 (anti-rat

CD45RC),25 OX39 (anti-rat interleukin (IL)-2Ra chain).26

These were produced in the Medical Research Council (MRC)

Cellular Immunology Unit. R73 (anti-rat T-cell receptor

(TCR)ab),27 341 (anti-rat CD8b chain),28 G28 (anti-rat

CD8a chain immunoglobulin fold)28 and 10.78 (anti-rat

NKR.P1)29 were kindly provided by Dr T. Hunig (University

of WuÈrzburg, Germany) and IA.29 (anti-rat intracellular

adhesion molecule-1 (ICAM-1))30 was a gift from Dr M.

Miyasaka (Osaka University, Japan). Puri®ed 341 immuno-

globulin (used in microscopy experiments), ¯uorescein iso-

thiocyanate (FITC)-conjugated OX8 (OX8-FITC) and R73

(R73-FITC) were from Serotec (Kidlington, UK), multiple

labelling grade indocarbocyanine (Cy3)-conjugated donkey

anti-mouse (DAM±Cy3) was from Jackson ImmunoResearch

Laboratories Inc. (West Grove, PA), streptavidin quantum red

(SA-QR) was from Sigma (Sigma Chemical Co., St Louis, MO)

and phycoerythrin (PE)-conjugated DAM (DAM±PE) was

from Chemicon (Temecula, CA). FITC-conjugated and

biotinylated W3/25 (anti-rat CD4, W3/25-FITC and W3/25-

B, respectively)31 were prepared in this laboratory by Mr S.

Simmonds, following standard techniques.

Antigens and priming

Dinitrophenol±bovine gamma globulin (DNP±BGG) was

prepared, as previously described.32 Animals were immunized

intraperitoneally (i.p.) with 0.5, 1 or 2 mg alum-precipitated

DNP±bovine serum albumin (BSA) in 0.5 ml phosphate-

buffered saline (PBS). Unprimed animals received 0.5 ml

PBS intraperitoneally.

Confocal microscopy

The thoracic ducts of animals were cannulated, as previously

described.33 Thoracic duct lymphocytes (TDL) were collected

over 24 hr and ®ltered with lens tissue to generate a single cell

suspension. Cells were incubated with either OX8, G28, 341 or

OX21 followed by DAM±Cy3 and then W3/25±FITC. CD4+

cells were puri®ed by incubating with anti-FITC coated

magnetic microbeads (Miltenyi Biotec, Gladbach, Germany)

and passing them down a magnetic-activated cell sorting

(MACS) column (Miltenyi Biotec), according to the manu-

facturer's instructions. Puri®ed, labelled cells were attached to

poly-L-lysine coated glass coverslips, ®xed with 2% parafor-

maldehyde in PBS and stored in 0.5% paraformaldehyde in

PBS overnight at 4u. Coverslips were mounted in Vectashield

(Vector Laboratories, Peterborough, UK) and sealed with nail

polish. Images were obtained using a BioRad MRC-1000/1024

hybrid confocal laser scanning microscope (Hemel Hempstead,

UK) (running under Comos 7.0a) equipped with an argon/

krypton laser and coupled to a Nikon Diaphot 200 inverted

microscope (60r PlanApo oil-immersion objective; numerical

aperture 1.4). Kalman-®ltered images (N=6±10) were collected

with iris aperture (1.2 mm) and the minimum laser power that

®lled the whole grey scale in the low-scan/low-signal mode. For

multiple labelling, sequential images were obtained and no

`bleedthrough' was detected between channels. The frequency

of double positive cells was calculated after merging red and

green pseudocoloured images. For each marker 1±1.5r103

cells were counted.

Flow cytometric analysis

One week after immunization with DNP±BSA (see Antigens

and priming) mesenteric lymph nodes (LNs) were removed,

pressed through wire mesh and ®ltered with lens tissue to
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Figure 1. Double positive cells are detected ex vivo. (a) Mesenteric LN

cells were triple labelled for TCRab (R73), CD4 (W3/25) and CD8a

chain (OX8) or a control mAb (OX21) and analysed by ¯ow cytometry.

R73+ cells were gated on and the expression of W3/25 against OX8 or

OX21 was analysed. (b) TDL were double stained for CD4 (W3/25) and

CD8a chain (OX8, row i, or G28, row ii), CD8b chain (341, row iii) or a

control mAb (OX21, row iv) before purifying CD4+ cells on a MACS

column, as described in Materials and Methods. Equatorial optical

sections were collected sequentially through labelled, ®xed cells on a

confocal microscope. W3/25 images were collected in the green channel

and OX8, G28, 341 and OX21 images were collected in the red channel.

Examples of cell staining for CD4 and CD8a or CD8b are indicated

with closed arrowheads, and for CD8a or CD8b alone with open

arrowheads. Bar=20 mm. Data are representative of three independent

experiments.
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generate a single cell suspension. Cells were incubated with

either OX8, 341 or OX21 followed by DAM±PE. Cells were

then incubated with R73±FITC and W3/25-B. Finally, SA-QR

was added. Data was acquired on a FACScan (Becton

Dickinson, Palo Alto, CA), after appropriate compensation

using single-labelled cells and control mAb. Viable lympho-

cytes were analysed using Cellquest software (Becton Dick-

inson), after gating on forward- and side-scatter pro®les.

TDL were used for the analysis of double positive cells from

normal, Tx and ShTx animals. The labelling and analysis of

TDL from Tx and ShTx animals was performed as described

above. For the phenotypic analysis of TDL from normal

animals, a panel of mAbs (see text) was developed with DAM±

PE. This was followed by OX8±FITC and W3/25-B together

with SA-QR.

RESULTS

Double positive cells are detected ex vivo

To determine whether double positive T cells exist in the

periphery of normal rats, mesenteric LN cells were triple

labelled for TCRab (R73), CD4 (W3/25) and CD8 (OX8) or a

control mAb (OX21). TCRab+ cells were gated on and the

expression of CD4 against CD8 or OX21 was analysed by ¯ow

cytometry (Fig. 1a). Only 0.3% of T cells stained with both W3/

25 and OX21, but 6.2% stained with both W3/25 and OX8.

To exclude the possibility that double positive cells are

artefacts produced by the association of CD4+ and CD8+ cells

during ¯ow cytometric analysis, confocal microscopy was used

to examine single cells labelled for both CD4 and CD8.

Figure 1(b) shows CD4+ cells, puri®ed from TDL, double

labelled for CD4 (W3/25) and CD8a chain (OX8, row i, or

G28, row ii), CD8b chain (34l, row iii) or a control mAb

(OX21, row iv). Cells were labelled with both OX8 and G28

anti-CD8a chain mAbs, as OX8 labels the hinge region, whilst

G28 labels the immunoglobulin fold. In the merged images,

examples of cell staining for CD4 and CD8a or CD8b are

indicated with closed arrowheads, and for CD8a or CD8b
alone with open arrowheads. Of W3/25+ cells, 2.6% stained

with OX8 and 2.7% with G28, but only 1.1% stained with 341.

No staining was seen with the control mAb, OX21. The

concordance of the results with OX8 and G28 mAbs indicates

that the CD8a chains on these cells express both OX8 and G28

epitopes, this was also observed by ¯ow cytometric analysis

(data not shown).

Double positive cells have a phenotype distinct from that of

CD4 and CD8 single positive cells

To determine whether double positive T cells have a phenotype

distinct from that of CD4 and CD8 single positive T cells, TDL

were triple labelled for CD4 (W3/25), CD8 (OX8) and one of a

panel of various other cell surface markers (Thy-1, CD45RC,

IL-2Ra, OX40, CD26, L-selectin, CD8b chain, TCRab,

ICAM-1, leucocyte-function associated antigen-1 (LFA-1),

very late antigen-4 (VLA-4) and NKR.P1). CD4 single positive

(Fig. 2, row A), double positive (Fig. 2, row B) and CD8 single

positive (Fig. 2, row C) cells were examined by ¯ow cytometry,

with gates set to de®ne these three cell types. As expected,

CD4+ CD8a± cells were negative for the CD8b chain,

approximately 60% of the CD4+ CD8a+ cells expressed the

CD8b chain (which correlates with the confocal data, shown in

Fig. 1b, row iii) and 85% of the CD4± CD8a+ cells were

positive for the CD8b chain. All CD4+ CD8a± and

CD4+CD8a+ cells expressed TCRab, but 17% of

CD4± CD8a+ cells were negative for TCRab. This percentage

was approximately the same as the percentage of CD4± CD8a+

cells that did not express the CD8b chain. Labelling cells for the

natural killer (NK) cell marker NKR.P1, with the mAb 10.78

(data not shown), showed that the few CD4± CD8a+ cells

which were positive (approximately 7%) were insuf®cient to
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Figure 2. Double positive T cells have a distinct phenotype from CD4 and CD8 single positive T cells. TDL were triple labelled for

CD8a chain (OX8), CD4 (W3/25) and CD8b chain (341), TCRab (R73), Thy-1 (OX7), IL-2Ra chain (OX39) or ICAM-1 (IA.29).

CD4 single positive (row A), double positive (row B) or CD8 single positive (row C) cells were gated on and the expression of CD8b

chain, TCRab, Thy-1, IL-2Ra chain and ICAM-1 on these three T-cell subsets was analysed by ¯ow cytometry. Numbers shown in the

top right represent either the percentage of cells within a de®ned subset (®rst column) or the percentage of cells within a subset that are

stained with each marker (all other columns). Data are representative of ®ve independent experiments.
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account for the total percentage of CD8b± TCRab± cells. The

remainder are likely to be TCRcd cells. Of the other cell surface

markers analysed, Thy-1, IL-2Ra and ICAM-1 were the most

informative (Fig. 2). A higher frequency of cells stained for

these three markers amongst the double positive subset

compared with either the CD4 or CD8 single positive subsets.

A small increase in the expression of OX40 was also observed

amongst double positive cells compared to CD4 and CD8

single positive cells (6.8% positive versus 0.7%, data not shown)

and NKR.P1 expression was increased on double positive and

CD8 single positive cells compared to CD4 single positive cells

(6.9% positive versus 0.4%, data not shown). No clear

differences in labelling of the three cell subsets, de®ned by

CD4 and CD8, was seen with CD45RC, CD26, L-selectin,

LFA-1 and VLA-4 (the majority of cells were positive for these

markers, data not shown).

To determine whether any of the three cell subsets described

above contained blast-like cells, their forward and side scatter

pro®les were analysed (data not shown). Both forward and side

scatter were greater for the double positive cells than for the

CD4 or CD8 single positive cells; forward scatter 58 versus 48

and side scatter 14 versus 11.

The frequency of double positive cells does not increase

following priming

To examine the link between T-cell activation and coexpression

of CD4 and CD8, the frequency of double positive T cells was

determined in primed animals. One week after in vivo priming

with alum-precipitated DNP±BSA, mesenteric LN cells were

triple labelled for TCRab (R73), CD4 (W3/25) and CD8a
(OX8), CD8b (341) or a control mAb (OX21) and analysed by

¯ow cytometry. Figure 3 shows the expression of CD4 against

CD8a chain (a and d), CD8b chain (b and e) or OX21 (c and f),

after gating on TCRab+ cells, from unprimed and primed

animals. Consistent with the confocal microscopy experiments

shown in Fig. 1(b) (row iii) and ¯ow cytometric analysis shown

in Fig. 2(B), approximately twice as many cells stained with

OX8 than with 341. However, there was no signi®cant

difference in the frequency of double positive T cells detected

in unprimed and primed animals (6.2% versus 6.3%). Similar

results were seen with spleen cells and at two weeks after

priming (data not shown). Less than 0.5% positive cells were

detected with the control mAb, OX21.

The ratio of CD8aa : ab expressing double positive T cells

increases following priming

Table 1 summarizes the data from the ¯ow cytometric analysis

of primed and unprimed animals, described above. Although

priming did not increase the frequency of double positive

T cells, the proportion of double positive T cells expressing

CD8ab decreased (also see Fig. 3b,e) and the proportion

expressing CD8aa increased signi®cantly in primed animals.

The frequency of double positive T cells decreases after

thymectomy and with age

To assess the dependence of double positive T cells on the

thymus and the effect of age on these cells, the frequency of

double positive T cells in Tx and ShTx animals was compared

at various time points after thymectomy. TDL from Tx and

ShTx animals were triple labelled for TCRab (R73), CD4 (W3/

25) and CD8 (OX8). TCRab+ cells were gated on and the
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Figure 3. The frequency of double positive T cells does not increase

following priming. Animals were primed i.p. with 2 mg alum-

precipitated DNP±BSA in 0.5 ml PBS and were left for 1 week,

unprimed animals received PBS alone. Mesenteric LN cells from

unprimed (a±c) and primed (d±f) animals were triple labelled for

TCRab (R73), CD4 (W3/25) and CD8a chain (OX8), CD8b chain

(341) or a control mAb (OX21). R73+ cells were gated on and the

expression of W3/25 against OX8, 341 or OX21 was analysed by ¯ow

cytometry. Numbers shown in the top right quadrants represent the

percentage of T cells that were double labelled. Data are representative

of two independent experiments.

Table 1. The ratio of CD8aa : ab expressing double positive T cells increases with priming

Amount of DNP±BSA used for priming

(mg)

0 0.5 1 2

CD8 aa+ and ab+ cells (OX8+) 6.0 6.1 5.7 6.0

CD8 ab+ cells (341+) 3.4 2.6* 1.5* 2.0*

CD8 aa+ cells 2.6 3.6* 4.3* 4.0*

Double positive cells are shown as a percentage of total T cells in unprimed and primed animals. Animals were immunized i.p. with 0.5, 1 or 2 mg alum
precipitated DNP±BSA in 0.5 ml PBS. Unprimed animals received 0.5 ml PBS i.p. One week after immunization with DNP±BSA, mesenteric LN cells were
stained for TCRab (R73), CD4 (W3/25) and CD8a chain (OX8), CD8b chain (341) or a control mAb (OX21). Labelled cells were analysed by ¯ow cytometry.
TCRab+ cells were gated on and the percentage of double positive T cells was calculated. The percentage of cells expressing CD8aa alone was calculated by
subtracting the percentage of 341 labelled cells from the percentage of OX8 labelled cells. Values given are the means from two independent experiments.

*Denotes values which are three SD or more different from the value for unprimed animals (n=20 000).
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expression of CD4 against CD8 was analysed by ¯ow

cytometry. Figure 4 shows that the frequency of double

positive T cells in animals that had been Tx at 6 weeks of

age was reduced for up to seven weeks after thymectomy, as

compared to ShTx animals (3.7 versus 6.4% 4 weeks after

thymectomy). Although, thymectomy did not eliminate this

population. By 8 weeks after thymectomy the frequency of

double positive T cells in ShTx and Tx animals was

comparable, approximately 3% (although there were always

slightly more in ShTx animals, see Fig. 4). From eight weeks

onwards after thymectomy, there was a decrease in the

frequency of double positive T cells with age in both Tx and

ShTx animals, to approximately 1.4% in an 18-week-old animal

(see Fig. 4).

DISCUSSION

These studies show that a peripheral double positive T-cell

population exists in vivo in the rat. These cells are not an

artefact of ¯ow cytometric analysis, as they were also detected

by confocal microscopy. As double positive T cells expressed a

phenotype distinct from that of CD4 and CD8 single positive

T cells (see below), it is unlikely that double positive T cells

arose by CD4 single positive T cells adsorbing CD8 (or vice

versa).

Rat double positive cells all expressed TCRab. They

expressed levels of CD4 comparable to CD4 single positive

T cells, but the level of CD8 expressed on double positive T cells

varied whilst on CD8 single positive T cells it was homo-

geneous (this can be seen most clearly in Fig. 3). This

observation may imply that in vivo double positive T cells

are generated from CD4 single positive T cells that are induced

to express varying levels of CD8, as described for human,4,34,35

swine6,21 and rat8 double positive T cells in vitro.

All rat double positive T cells expressed CD8a chain.

Recently, a novel form of CD8a chain, not recognized by the

G28 mAb, was reported on rat macrophages36 and mast cells.37

G28 mAb reactivity was examined in these present studies, to

ascertain which form of the CD8a chain was expressed on

double positive T cells. It would appear to be the same as that

found on CD8 single positive T cells, as equivalent staining was

seen with OX8 and G28 mAbs.

However, only around half of rat double positive T cells

expressed the CD8b chain, so double positive T cells can be

subdivided into cells that express the CD8ab heterodimer

(although not necessarily exclusive to some homodimer

expression) and cells that express CD8a alone, presumably in

the form of a homodimer.38 In these present studies, priming

had reciprocal effects on CD8 ab and aa expressing double

positive T cells and it has been suggested that CD8 ab and aa
expressing T cells are functionally distinct.39 Functional

differences between CD8 ab and aa expressing double positive

T cells could initially be assessed by comparing the phenotype

of these two T-cell subsets. In the present study, this experiment

was not done, but the phenotype of CD8 ab and aa expressing

double positive T cells combined was analysed.

Total double positive cells have a phenotype distinct from

CD4 and CD8 single positive cells; they express increased levels

of Thy-1, IL-2Ra, ICAM-1 and OX40. Thy-1 is a marker of

recent thymic emigrants (RTE)40 and is up-regulated upon T-

cell activation in the rat.26 However, RTE are TCRablo40 and

double positive cells all expressed high levels of TCRab,

suggesting that they are not RTE. ICAM-130,41 and OX4026 are

up-regulated upon CD4+ T-cell activation and so the increased

frequency of double positive cells expressing these markers is

also indicative of an activated state. IL-2Ra is found on

activated cells, but has also been implicated as a marker of cells

with a regulatory capacity in both mice42,43 and rats (Dr L.

Stephens, personal communication). However, on rat TDL,

IL-2Ra is not a de®nitive marker for regulatory cells44 (Dr L.

Stephens, personal communication). Taken together with the

data on Thy-1, ICAM-1 and OX40 expression, it is likely that

the increased frequency of IL-2Ra+ cells amongst the double

positive population is suggestive of an activated phenotype

rather than a regulatory one. In support of an activated

phenotype, double positive cells were blast-like, as measured by

forward and side scatter.

Despite indications from their phenotype, the frequency of

double positive T cells was not increased in alum-precipitated

DNP±BSA primed animals. Other studies have reported an

increase in the frequency of double positive cells following in

vivo priming of mice with Salmonella12 and of rats with alum-

precipitated DNP±BGG, using Bordetella pertussis as an

adjuvant.14 Perhaps a more potent activation stimulus than a

hapten-carrier complex alone is required to observe a

detectable increase in the frequency of double positive T cells.

Animals primed with DNP±BGG make larger antibody

responses than animals primed with DNP±BSA and including

Bordetella pertussis as an adjuvant further increased the

antigenicity of DNP±BGG (data not shown). This effect of

pertussis toxin has previously been noted.45 Unfortunately, the

frequency of double positive T cells in these animals was not

examined.

Although priming did not increase the frequency of double

positive T cells, it did alter the ratio of CD8aa : ab expressing

double positive T cells, leading to an increase in the proportion

of cells expressing the a chain alone. Although it is dif®cult to

draw conclusions from such small groups of animals,
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Figure 4. The frequency of double positive T cells is reduced after

thymectomy and with age. TDL from Tx and ShTx animals were triple

labelled for TCRab (R73), CD4 (W3/25) and CD8a chain (OX8).

R73+ cells were gated on and the expression of W3/25 against OX8 was

analysed by ¯ow cytometry. Values in the graph represent double

positive cells as a percentage of T cells.
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these ®ndings correlate with in vitro observations in rat8,28 (E.

Kenny, unpublished data) and human35 where, following T-cell

activation, double positive T cells express the CD8a chain

alone. This suggests that CD8aa and CD8ab expressing double

positive cells may be distinct T-cell subsets.

The frequency of double positive T cells in animals Tx

at 6 weeks of age was reduced for up to 7 weeks after

thymectomy, as compared to ShTx animals. These results

correlate with in vitro observations where the frequency of

T cells that can be induced to become double positive is

decreased if the cells are puri®ed from Tx donors (E. Kenny et

al., manuscript in preparation). This suggests that double

positive T cells are of thymic origin and that at least some have

left the thymus not long ago. However, double positive cells

have not left the thymus prematurely, nor have RTE mice as

they are TCRabhi.40 These observations are in contrast to those

of Godden et al. who reported no effect of thymectomy on the

number of rat double positive T cells.17 This discrepancy may

be explained as they analysed double positive T cells partici-

pating in an alloresponse in cyclosporine-treated heart

allografted animals, whilst in the present study, the global

population of double positive T cells in untreated animals was

analysed. Thymectomy did not eliminate rat double positive

T cells, as described in humans;15 approximately half remained.

This, and the fact that double positive T cells could still be

detected in aged animals, suggests that not all double positive

T cells have recently left the thymus (or indeed are necessarily

of thymic origin).

By 8 weeks after thymectomy, the frequency of double

positive T cells in Tx and ShTx animals was comparable,

presumably due to the reduction in thymic output in older

animals. From 8 weeks onwards after thymectomy, the

frequency of double positive T cells varied inversely with age

in both ShTx and Tx animals. These results correlate with in

vitro observations where the frequency of T cells that can be

induced to become double positive decreases when cells are

puri®ed from aged animals (E. Kenny et al. manuscript in

preparation).

In summary, a population of double positive T cells exists in

the periphery of normal rats. This population contains T cells

that have recently left the thymus and activated cells, and it is

comprised of two, possibly distinct, subsets: CD8 homodimer

and CD8 heterodimer expressing cells.
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