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Evidenc ee tha t huma n CD8+CD45RA+CD27 cell s are induce d by antige n 
andd evolv e throug h extensiv e round s of divisio n 

Dörtee Hamann, Stefan Kostense, Katja C. Wolthers, Sigrid A. Otto, Paul A. Baars, Frank Miedema and 
Renee A.W. van Lier 

W ee recently showed that circulating human CD8+ effector cells have a CD45RA+CD27- membrane 
phenotype.. In itself this phenotype appeared to pose a paradox: CD45RA, a marker expressed by 
unprimedd cells, combined with absence of CD27, characteristic for chronically stimulated T cells. To 
investigatee whether differentiation towards the CD45RA+CD27_ phenotype is dependent on antigenic 
stimulationn and involves cellular division, TCR VG usage and telomeric restriction fragment (TRF) length 
wass analyzed within distinct peripheral blood CD8+ subsets. FACS analysis showed that the TCR VB 
repertoiree of CD8+CD45RA+CD27' cells differed significantly from that of unprimed 
CD8+CD45RA+CD27++ cells. Moreover, in 2 out of 6 individuals large expansions of particular VS 
familiess were observed in the CD8+CD45RA+CD27" subset. CDR3 spectratyping and SSCP analysis 
revealedd that within the CD8+CD45RA+CD27- population most of the 22 tested V8 families were 
dominatedd by oligoclonal expansions. In contrast, unprimed CD8+CD45RA+CD27+ cells showed a 
normall size and sequence distribution. The mean TRF length was found to be 2.311.0 kb shorter in the 
CD8+CD45RA+CD27"" subset compared with the unprimed CD8+CD45RA+CD27+ population but did 
nott differ substantially from that of memory type, CD8+CD45RA'CD27+ T cells. These findings indicate 
thatt the CD8+CD45RA+CD27' cytotoxic effector population consists of antigen-induced, clonally 
expandedd cells and confirm that the expression of CD45RA is not a strict marker of antigen non-
experiencedd T cells. 

Introductio n n 
Thee relationship between CD8+ effector and 
memoryy cells is not yet fully understood (50). 
Studiess on this issue have been seriously hampered 
byy the fact that cell surface markers that distinguish 
unprimedd and primed cells are not useful in 
separatingg memory from effector cells (51). 
Recently,, we have shown that in the human 
peripherall blood CD8+ T-cell population next to 
unprimedd or naive CD45RA+CD27+ cells, two 
distinctt subsets can be defined with phenotypic and 
functionall characteristics of primed cells: a memory 
typee CD45RACD27+ population and a 
CD45RA+CD27-- cytotoxic effector subset (48). The 
possibilityy to distinguish CD8+ effector from 
memoryy cells based on their membrane phenotype 
openss up new opportunities to address the question 
off the lineage relationship. 

TT cells being either CD4+ or CD8+ , irreversibly 
switchh off CD27 expression when stimulated for 
prolongedd periods (52,53). On the other hand, 
althoughh rare CD8+ clones that can express 
CD45RAA under certain conditions have been 
describedd (54), activation of unprimed CD8+ T cells 
resultss in the loss of CD45RA expression and gain 
off CD45R0 expression ((55) and D. Hamann, 
unpublishedd data). Therefore, until now it has been 

impossiblee to address the mechanism of the 
generationn of CD8+CD45RA+CD27 effector T cells 
usingg in vitro culture systems. Since as mentioned 
abovee TCR-induced activation induces a rapid loss 
off the CD45RA expression from the surface of 
dividingg T cells, the presence of the CD45RA 
antigenn could imply that these cells have 
developedd by differentiation from na'fve cells 
withoutt cellular division. During this process the 
CD277 molecule is downregulated but CD45RA 
expressionn is unaltered. Indeed, we have provided 
evidencee that the differentiation of CD27+ cells into 
CD27-- cells in the CD4+CD45RO+ memory 
compartmentt occurs without substantial cellular 
divisionn (56). Alternatively, CD45RA+CD27" cells 
couldd have developed from CD45RA+CD27+ cells 
viaa CD45RACD27+ and CD45RACD27- stages 
includingg proliferation and switch to CD45RO 
expression,, downregulation of CD27 expression 
andd re-expression of CD45RA. 

Heree we studied VG usage and TRF length of 
distinctt CD8+ cell populations to address the 
questionn whether the differentiation into 
CD8+CD45RA+CD27-- effector T cells is dependent 
onn antigen-specific stimulation and whether this 
processs involves extensive cellular division. 
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Method s s 
MonoclonalMonoclonal antibodies 
Thee mAb CLB-CD8/1, CLB-CD14/1, CLB-FcR granl 
(CD!! 6), CLB-CD19/1, biotinylated CLB-CD27/1, 
andd CLB-CD27/1-FITC were all produced at the 
Centrall Laboratory of the Netherlands Red Cross 
Bloodd Transfusion Service (CLB). PE-conjugated 
CD45RAA mAb 2H4-RD1 was obtained from 
Coulterr Immunology (Hialeah, FL). FITC-conjugated 
CDD 16 and TCRa(3 mAb, were from Becton 
Dickinsonn (San Jose, CA). TCR VG mAb directed 
againstt VG5.1, 5.2, 5.3, 6 . 1 , 8 .1 , and 12.1 (all 
FITCC conjugated) were purchased from T Cell 
Sciencess Inc. (Cambridge, AAA). TCR VG mAb 
recognisingg VG3.1, 13.6, 17, 18, 21.3, and 22.1 
weree from Immunotech (Marseille, France). 

CellCell preparation 
Humann PBMC were isolated from buffy coats of 
healthyy donors (age 20-40 years) by Ficoll-
Isopaquee density centrifugation (Pharmacia, 
Uppsala,, Sweden). CD8 + T cells were generated 
byy positive enrichment using the MACS system 
(Miltenyi,, Berg isch-Glad bach, Germany) as 
previouslyy described (48). Briefly, PBMC were 
stainedd with CD8 microbeads and enrichment was 
performedd with BS columns (capacity: 10e cells) 
usingg the VarioMACS magnet according to 
manufacturerss instructions. The resulting CD8+ T 
cellss were > 9 8 % CD8+TCRa/G+CDl 6- as 
determinedd by immunofluorescence analysis with 
directlyy labeled mAb. CD8+ cells were either used 
ass a total population or were subsequently stained 
withh CD45RA-PE and CD27-FITC and sorted into 
CD45RA+CD27+ ,, CD45RA+CD27- and CD45RA-
CD27++ populations (purity >98%) on a FACStar 
(Bectonn Dickinson, Mountain View, CA). CD4+ T cells 
weree purif ied by incubating the PBMC with CD8, 
CD14,, CD16 and CD19 mAb followed by 
negativee depletion with Dynabeads-M450 (Dynal 
A.S.,, Oslo, Norway). The purity of this population 
wass > 9 9 % . 

AnalysisAnalysis of TCR VB expression with mAb 
Triplee colour immunofluorescence analysis was 
per formedd as previously described (56). Briefly, 
puri f iedd CD4 + or CD8 + T cells were first incubated 
withh an unlabelled TCR VG specific mAb followed 
byy goat-anti mouse (GAM)-FITC staining. After 
blockingg f ree binding sites of the goat-anti mouse 
conjugatee with 1 0 % norma! mouse serum, cells 
weree stained with CD45RA-PE mAb and 
biot inylatedd CD27 mAb. Alternatively, cells were 
simultaneouslyy incubated with a FITC-conjugated 
TCRR VG specific mAb, PE-labeled CD45RA mAb 
andd biotinylated CD27 mAb. The latter was 
subsequentlyy detected with streptavidin Red 670 
(Lifee Technologies Inc., Gaithersburg, MD). 

EvaluationEvaluation of the TCR VB repertoire with CDR3 
spectratypingspectratyping and Single Strand Confirmation 
PolymorphismPolymorphism (SSCP) analysis 
CDR33 spectratyping and SSCP analysis was 
performedd as previously described (57). Purified 
CD8++ cells from two healthy blood donors were 
preparedd as described above and subsequently 
sortedd into CD45RA+CD27+ , CD45RACD27+, 
CD45RA-CD27-- and CD45RA+CD27- populations 
too a minimum of 106 cells/subset. RNA was isolated 
andd cDNA synthesized according to manufacturer's 
protocoll (Life Technologies Inc.). Primary PCR was 
performedd with paired TCR VG primers (58) and 
wass adjusted for total TCR VG-cDNA yield per 
samplee (59). For nested PCR (59), single TCR VG 
primerss were used, in combination with a TCR CG 
primer,, labeled with fluorescent 6FAM or HEX. 

CDR3-pattemCDR3-pattem analysis: 
PCRR products were heated for 2 minutes at C 
andd run on a 5 % polyacrylamide gel together with 
aa TAMRA-labeled size standard. CDR3-peak 
patternss were visualized and analyzed using an 
ABI-3777 DNA sequencer (Perkin Elmer, Foster City, 
USA). . 

SSCPSSCP analysis:. 
Selectedd TCR VG amplification products were 
denaturedd at C for 2 minutes and run on a 
neutrall 5 % polyacrylamide + 5 % glycerol gel. The 
gell was kept at C to allow the single strand 
productss to fold according to their sequence during 
thee run. An ABI-377 sequencer was used to 
analyzee the sequence-dependent mobility profiles. 

TableTable t. Mean correlation values (R) between 
CD8+CD8+ and CD4+ T-cell subsets for the TCR VB chain 
expression. expression. 

CD45RACD27+ + 

CD45RACD27--

CD45RA+CD27--

CD45RA+CD27+ + 

CD8++ n=6 

1 1 

0.6010.11 1 

0.4010.21 1 

CD4++ n=4 

0.9210.02 2 

0.7410.11 1 

nd1 1 

'nd,'nd, not detemtined, since the frequency of 
CD4+CD45RA+CD27-CD4+CD45RA+CD27- cells is <l% in peripheral 
blood blood 
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DeterminationDetermination of the TRF length 
TRFF length in CD8+ T-cell subsets was analyzed by 
Southernn blot technique. DNA was isolated from 2-
55 x 106 cells of each subset by the Qiagen Blood 
andd Body Fluid protocol according to 
manufacturerss instructions (Qiagen, Hilden, 
Germany).. Genomic DNA {5 j ig) was digested with 
400 U of Hinfl and Rsal (Life Technologies Inc.) and 
completenesss of digestion was monitored by gel 
electrophoresis.. The digested DNA was 
electrophoresedd on 0.6% agarose gels (50 mA, 
24h).. Gels were then denatured in 0.25 N HCI and 
neutralizedd in 0.4 N NaOH/0 .6 M NaCI, and 
blottedd to Genesereen plus (DuPont) in 0.5 N 
NaOH/1 .55 M < NaCI. Blots were washed twice in 2 
xx SSC and crosslinked (Stratalinker). The telomeric 
probee (TTAGGGJs was radiolabeled with a-32P-
dCTPP with terminal transferase (Boehringer 
Mannheim,, Almere, the Netherlands). Hybridization 
wass at 65  C in 0.5 M Na2HPOV7% SDS (pH 
7.2).. Blots were washed with 3xSSC/0.5 % SDS 
decreasingg to 0.1xSSC/0.5 % SDS (15 min at 

.. Blots were exposed to Phosphor-lmager 
screenss (Fuji, Kanegawa, Japan) for 4 h or O / N , 
andd mean telomere length was analyzed by 
Phosphor-lmagerr software (TINA, Raytest 
Company,, Straubenhardt, Germany) which 
determiness the integrated signal of the area above 
thee background. The mean value in kb was 
calculatedd using the molecular weight marker 
Lamda/Hindlll. . 

Statistics Statistics 
Correlationn analysis was performed with 
Spearmann rank correlation. 

Result ss  and discussio n 
VBVB repertoire of CDS'' T-cell subsets 
Thee TCR repertoire of mature T cells is determined 
byy negative and positive selection processes in the 
thymuss which in turn is dependent on the expression 
off particular MHC class I and II alleles. Next to this, 
itt will be subject to changes imposed by antigenic 
challenge.. Since naive or unprimed T cells by 
definitionn have not yet encountered antigen their 
patternn of TCR VG expression should reflect the 
geneticallyy determined repertoire of an individual. 
AA different pattern of TCR VG expression in primed 
cellss would imply that these cells have evolved by 
antigenicc stimulation. 
Thee expression of TCR VG elements in distinct T-cell 
subsetss was determined with VG-specific mAb and 
floww cytometric analysis. Antibodies directed 
againstt 1 2 different VG subfamilies were used that 
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FigureFigure 1. VB expression in CD8+ T-cell subsets. 
PurifiedPurified CDS* cells were stained with VB specific 
mAbmAb in combination with CD45RA and CD27 mAb 
andand analyzed on a FACScan. Within each 
indicatedindicated subset at least 5000 events were 
analyzed.analyzed. Shown are the percentages of VB cells 
withinwithin the distinct CD8+ subsets of two 
representativerepresentative healthy individuals. Either large 
expansionsexpansions were found within the CD45RA+CD27~ 
subsetsubset (A), or most of the measured VB families 
werewere a/most undetectable in this population (B). 

coverr approximately 3 0 % of the repertoire in both 
thee CD4+ and CD8+ subsets (see Fig. 1). As a 
measuree of concordance of the VG repertoire 
betweenn two given subsets correlation coefficients 
(Spearmann correlation) were calculated ( R = l , 
beingg a perfect correlation and R=0, being no 
correlation).. Thus, changes in the TCR VG repertoire 
duee to antigenic selection in primed populations 
wouldd result in a low correlation coefficient when 
comparedd to the unprimed cells. 
TCRR VG expression differed substantially between 
CD8++ subsets (Fig. 1 and Tab. 1). Whereas VG 
familyy expression in the CD45RA+CD27+ 

populationn of all 6 healthy donors ranged between 
0.3%% and 7%, 2 individuals had large expansions 
off certain VG subfamilies in both CD27" subsets 
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(beingg either CD45RA+ or CD45RA" ) ranging from 
1 9 %% to 8 3 % of one particular VB chain (Fig. 1A 
andd data not shown). Remarkably, 2 of the 
remainingg 4 individuals showed almost 
undetectablee expression of most of the measured 
VBB families in the CD45RA+CD27- population (Fig. 
11 B and data not shown). The latter suggests that 
thesee individuals had large expansions in VB 
familiess that were not evaluated. Neither 
expansionn nor deletion of certain VB families were 
foundd in the CD45RACD27+ subset (Fig. 1A and 
B).. Correlation analysis of VB expression revealed 
thatt the greatest difference was observed between 
CD45RA+CD27-- effector cells and the unprimed 
CD45RA+CD27++ subset . CD45RA 
CD27'' cells showed an intermediate correlation 
withh unprimed cells 1 1). The highest 
concordancee was found between the unprimed 
CD45RA+CD27++ population and the primed 
CD45RACD27++ subset . 
Bothh CDR3 specrotyping and SSCP analysis was 
per formedd to investigate whether the observed 
differencess in the VB familiy usage between naive 
CD45RA+CD27++ and primed CD27- cells were 
relatedd to clonal outgrowth. Due to the limited 
numberr of CD8+ cells available from buffy coats of 
b loodd donors, determination of VB expression 
levelss and CDR3 spectratyping and SSCP analysis 
couldd not be done on the same samples and the 
latterr analyses were therefore performed on 
puri f iedd CD8 + populations from two additional 
individuals.. In total, 22 TCR VB ( 1 , 2, 3, 4, 5, 6, 7, 
8,, 9, 1 1 , 12, 13, 14, 15, 16, 17, 18, 20, 21 ,22 , 
23 ,, 24) were analyzed for their CDR3 and SSCP 
patternn in all subsets. Since the results were similar 
forr all families, representative data are shown for 
44 families (Fig. 2 A and B). The CD45RA+CD27+ 
naivee subset showed a relatively normal CDR3-size 
distribution,, whereas all primed subsets expressed 
aa skewed CDR3-size pattern ranging from 
moderatee perturbations within the CD45RACD27+ 

memoryy cells to highly skewed profiles within both 
CD45RACD27-- and CD45RA+CD27" populations. 
SSCPP analyses confirmed that the disturbed 
patternss in the primed subsets were dominated by 
oligoclonall expansions that were again most 
obviouss in both CD27" populations. 
Ourr findings show that post-thymic antigen-
dependentt differentiation of unprimed CD8+ cells 
iss accompanied by considerable changes of the af i 
TCRR repertoire which are most evident in the 
CD45RA+CD27'' cytotoxic effector population. 
Interestingly,, in contrast to CD8 + cells, within the 
CD4 ++ population overall a relative similarity in the 

VBB repertoires of different subsets were observed 
(meann R values >0.74) (Tab. 1). Primed CD45RA-
CD27++ cells had an almost identical VB usage 

)) as unprimed CD45RA+CD27+ cells. 
Thesee data demonstrate that the antigen-
dependentt development of CD45RACD27+ cells 
fromm CD45RA+CD27+ cells does not lead to 
obviouss modulations of the VB repertoire. This is in 
accordancee with earlier studies that revealed a 
remarkablee similarity in the VB usage of circulating 
CD4++ T-cells between monozygotic twins (12,13). 
However,, the VB usage of highly differentiated 
CD45RACD27"" effector cells was less comparable 
withh that of unprimed CD45RA+CD27+ cells 

11 1). This lower concordance suggests 
thatt prolonged antigenic stimulation (52,53) 
eventuallyy does induce alterations of the a(3 TCR 
repertoiree of CD4+ T cells. In contrast to the CD8+ 

population,, CD45RA+CD27" cells are almost absent 
fromm the peripheral CD4+ population of healthy 
adultss (<1%) (56) and could therefore not be 
analyzed. . 
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FigureFigure 2. CDR3 spectratyping and SSCP analysis 
ofof representative VB families in CDS* T-cell subsets 
fromfrom two healthy blood donors. Purified CDS* cells 
werewere sorted into the indicated populations to a 
minimumminimum of 106 cells/subset. CDR3 were amplified 
byby VB specific PCR. CDR3 sizes were analysed on 
anan automatic sequencer and CDR3 sequence 
diversitydiversity was assessed by SSCP profiles. 
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Inn conclusion, post-thymic alterations of the TCR 
repertoiree are detectable in the CD27' subsets 
withinn both the CD8+ and the CD4+ compartment 
suggestingg that CD27' cells have been selected in 
vivovivo through antigenic stimulation. In the CD8+ 

compartment,, the CD27 - subset can comprise up to 
5 0 %% of the total population in apparently healthy 
individualss (48). Changes in the VI3 repertoire will 
thereforee become apparent if the total CD8+ 

populationn is analyzed. In line with this, differences 
inn VI3 expression of the entire CD8 subset have 
beenn reported in monozygotic twins that were 
especiallyy marked where one individual had an 
underlyingg disease (60). In contrast, since CD45RA-
CD27-- cells comprise only 4 % - 1 4 % of the 
circulatingg CD4+ cells in healthy individuals (56) 
moderatee changes in their VG expression pattern 
willl not become evident if the total CD4+ 

populationn is studied. 

DeterminationDetermination of the mean telomere length of 
CDS*CDS* T-cell subsets 
Thee question whether CD8+CD45RA+CD27- cell 
developmentt is accompanied by extensive cellular 
divisionn was addressed by determining the 
averagee TRF length of the distinct CD8+ subsets. 
Telomeress consist of several thousand repeats of 
hexaemericc sequences at the end of every 
chromosomee (61). In somatic cells, the average 
telomeree length shortens between 50 to 100 bp 
withh each round of replication (62,63). Analysis of 
thee telomere length thus allows an assessment of 
thee replicative history of a cell population. 
Too investigate TRF length, purified CD8+ T cells 
fromm 6 healthy donors were sorted into 
CD45RA+CD27+ ,, CD45RA+CD27- and CD45RA-
CD27 ++ subsets and telomeric DNA was analyzed 
byy Southern blot technique (Fig. 3A and 3B). Due to 
thee low frequency of CD45RACD27- cells in the 
peripherall blood of healthy donors (mean ) 
(48)) this subset was not accessible for this type of 
analysis.. In all 6 donors studied, mean TRF length of 
primedd CD45RACD27+ cells was shorter than that 
off unprimed CD45RA+CD27+ cells (mean loss 

88 kb) which corresponds well to previous 
dataa showing a 1.4 kb difference between 
unprimedd and primed CD4+ cells (64). The same 
wass true for CD45RA+CD27- cytotoxic effector 
cellss that had a 0 kb shorter TRF length 
comparedd to CD45RA+CD27+ unprimed cells. This 
findingg demonstrates that the cytotoxic effector 
populationn has evolved by extensive cellular 
divisionn in vivo. Our data are in good agreement 
withh the differences in TRF length in CD8+ T-cell 

CD45RA+CD27 ** CD45RA-CD27 + CD45RA+CD27 -
unprima dd mamory-typ * *tf*cto r 

FigureFigure 3. A) Southern blot of telomeric DNA from 
CD45RA+CD27+,CD45RA+CD27+, CD45RA+CD27 and CD45RA 
CD27CD27++ CDS1' T-cell subsets from one representative 
donor.donor. Genomic DNA was isolated from the 
purifiedpurified subsets, digested, separated by 
electrophoresis,electrophoresis, blotted, and hybridized to the 
radiolabeledradiolabeled probe (TTAGGG)s. Autoradiography 
waswas performed over night. The molecular weight 
markermarker is shown with molecular sizes in the right 
column.column. Calculation of the mean telomere length 
waswas performed using Phosphor-lmager software 
whichwhich determines the integrated signal of the area 
aboveabove the background. The mean value in kb was 
calculatedcalculated using the molecular weight marker 
Lamda/Hindlll.Lamda/Hindlll. B) Mean telomere length of CDS* 
T-cellT-cell subsets. Individual donors are represented by 
distinctdistinct symbols. 

subsetss as determined by a recently developed 
FISHH technique (65). Although cellular division 
inducedd by stimulation via the TCR appears to be 
accompaniedd by a downregulation of the CD45RA 
isoformm expression (66), CD4+CD45RA+ T cells 
havee been shown to proliferate in vitro upon culture 
withh a combination of cytokines without switching to 
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CD45ROO expression (48,67,68). However, under 
thesee conditions CD4+CD45RA+ cells did not 
downregulatee CD27 expression (D. Hamonn, 
unpublishedd observation). Moreover, this antigen 
independentt proliferation should not alter the TCR 
VGG repertoire of the cells. Thus, the finding of 
shortenedd TRF's in combination with an altered VS 
repertoiree implies that effector cells do not directly 
dif ferentiatee from the unprimed CD45RA+CD27+ 

pool ,, but rather may acqire the CD45RA+ CD27" 
phenotypee via transition through a CD45RA- stage. 
Too get information about the lineage relationship 
betweenn CD45RACD27+ memory-type cells and 
CD45RA+CD277 effector cells, the mean TRF length 
off these two populations was compared. The 
averagee mean TRF length was not significantly 
dif ferentt between CD45RA+CD27- effector cells 

)) and memory-type CD45RACD27+ cells 
{8.2+1.9).. Given the limited sensitivity of the 
techniquee and the variation observed between 
donors,, a definite answer to the question whether 
CD45RA+CD27"" effector cells have evolved from 
thee CD45RACD27 + memory-type subset can not 
bee given. 

Losss of CD27 appears to be an irreversible 
differentiationn event (53), which is at variance with 
thee linear differentiation model, that predicts that 
whereass most of the effectors die, some cells 
survivee and constitute the memory pool (50). 
Rather,, the finding that the mean TRF length of 
CD45RA+CD27"" cells is in the same range as that 
off CD45RACD27+ cells fits with a model in which 
initiall encounter of antigen by CD8+ cells leads to 
activationn and clonal proliferation as a 
consequencee of which cells loose CD45RA 
expressionn and reach a CD45RA*CD27+ stage. 
Dependentt on the strength of the TCR/antigen 
interactionn together with the expression of certain 
costimulatoryy molecules on the APC, cells from this 
populationn will stop proliferating and further 
dif ferentiatee into effector cells whereas others will 
composee the memory pool (69). W e have 
previouslyy shown that CD8+CD45RA+CD27" cells 
sharee a number of phenotypic and functional 
characteristicss with the CD8+CD28- population 
includingg high expression of C D l l b and CD57, 

cytotoxicc activity and the poor proliferative 
potentiall (48). Interestingly, mean TRF length of 
CD8+CD28-- has been demonstrated to be on 
averagee 1.4 kb shorter compared to CD8+CD28+ 

cellss in healthy individuals ((70). Shortened TRF's 
havee also been described in the CD8+CD28" 
populationn of HIV-1 infected individuals (39). From 
thiss it was concluded that CD28- cells may have 
reachedd a state of replicative senescence causally 
relatedd with TRF loss (39,70,71). The shortening in 
TRFF length described in the CD8+CD28- population 
iss comparable to that found in the CD45RA+CD27-
cytotoxicc effector population suggesting that the 
loww proliferative potential of CD45RA+CD27-
effectorr cells could be a consequence of their 
relativelyy short TRF's. However, our finding that 
CD45RA+CD27-- effector cells and CD45RACD27+ 
memory-typee cells have a comparable low mean 
TRFF length demonstrates that the poor proliferative 
capacityy of the CD45RA+CD27- cells can not 
simplyy be explained by a state of replicative 
senescencee since memory type CD45RACD27+ 

cellss extensively proliferate when stimulated in vitro 
(48). . 

ConcludingConcluding remarks 
Thee skewed VG repertoire and the shortened 
telomeress support the idea that 
CD8+CD45RA+CD27-- effector T cells are antigen-
primed,, clonally expanded cells. The combined 
dataa imply that CD8+CD45RA+CD27- cells do not 
directlyy differentiate from the unprimed 
CD8+CD45RA+CD27++ pool but rather develop via 
CD8+CD45RA-CD27++ and CD8+CD45RACD27-
stages.. In our opinion re-expression of the CD45RA 
onn the fully differentiated effector cells reflects the 
inabilityy of these cells to become engaged in TCR-
inducedd proliferation. Importantly, in accordance 
withh recent data obtained in animal models (72), 
thee data imply that one has to be cautious 
interpretingg the expression of CD45RA on human T 
cellss as a token of antigenic virginity. 

Abbreviation s s 
CDR33 Complementary Determining Region 3 
SSCPP Single Strand Confirmation Polymorphism 
TRFF telomeric restriction fragment 


