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Progressive decrease of CD8"&"" CD28" CD57 cells with ageing
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SUMMARY

An age-dependent decrease in T cell responsiveness to CD28 costimulation has been described. In order
to test the hypothesis that an age-related decrease in CD28 expression byf G hocytes might be
involved, we analysed 67 healthy donors ranging in age from 15 to 69 years for their T8l
expression of CD28 and CD57. We found a statistically significant decrease of CD28 expression
through ageing and a significant increase of CD57 expression, both markers being mutually exclusive.
Given that cytomegalovirus (CMV) is reported to induce CD57 expression, and since the carrier status
for this ubiquitous virus increases with age in the general population, it seemed essential to evaluate
whether the phenotypic age-related changes described if'&D&ells were not influenced by the

CMV carrier status of the individuals. Accordingly, we performed a multivariate analysis to assess the
independent association of age and CMV carrier status with CD28 and CD57 expression™fcD8
cells. Results showed that the progressive decrease if'&b&D28" CD57  cells was associated

only with age, while the expansion of the CI8* CD28~ CD57" subset depended both on age and
CMV, although mainly on age. We conclude that ageing is accompanied by a progressive loss of CD28
expression in CD8 T cells and a reciprocal enhancement of CD57 expression, both facts being
probably related to the repeated antigenic stimulation occurring throughout life.
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INTRODUCTION of donors [6]. Given the mutually exclusive expression of CD57

CD28 is a disulphide-linked homodimer expressed by peripheral .land CD28 in C_D8T cells, and since itis well documented that
lymphocytes, which specifically binds B7-1 (CD80) and B7-2 CD57 expression increases with age [7—10], an age-dependent
ymphocytes, P Y : . , . decrease of CD28 expression would not be surprising.

(CD86), molecules that are expressed on ‘professional’ antigen- Theref th t stud dertaken t luate th
presenting cells (APC). The ligation of CD28 by these moleculesmﬂuenecr: gf“z o gnCtL::;e:X S;;JSS);O\;]V?)S]‘ (ggz%r ii g%sgeﬁ\sla;rz?ne €
provides a costimulatory signal which is critical for T cell activa- ithy d 9 udi pCIj4T lls f th VSis. i

tion [1]. An age-dependent decrease in T cell responsiveness t}aea y donors, exciuding cells from the analysis, since
CD28 costimulation has been described [2,3]. However thewrtuglly a_II of them express CD28 [6]. As we thought that the_
mechanism remains to be elucidated. It has been speculated t raeTIatlonshlp between CD28 and CDSY needed a closgr study in
an age-related defect in signal transduction pathways might beealthy controls, we performed a simultaneous analysis for both
. ) . . - - molecules.

involved, but evidence is still lacking [3]. Surprisingly, the Finally, we also tested the influence of cytomegalovirus
!

hypothesis that CD28 expression in T cells could decrease wit . . . L7 .
. . . MV) on CD28 expression, given that this ubiquitous virus has
age has not been tested yet. There is not a single study dealin I%: - ; o
9 4 ! Ingre study ngw een extensively reported to induce CD57 expression in"CD8

the analysis of CD28 expression through ageing. - .
It has been reported that CD28 expression excludes thgeIIS [11-13]. If CMV had any effect on CD28 expression, it

presence of the glycoprotein CD57, awmite versain CD8" T Wﬁﬁlg 'gfil;’etﬂze g;]i;?eoef{ﬁ;:i,oimce Its carrier status increases

cells from HIV, cancer and autoimmune patients [4,5]. Azuma and” 9 9 pop '

coworkers have also noted this reciprocal expression in healthy

controls, although it has not been extensively tested in a large panel SUBJECTS AND METHODS
Correspondence: J. Merino, Servicio de Inmunao@linica Univer- Subjects

sitaria de Navarra, Avda.'®XIl s/n, 31008 Pamplona, Spain. EDTA-anticoagulated venous blood was obtained from 67 donors
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Fig. 1. Association between CD28 and CD57 expression in 38 cells and the age of the donors=£ 67).m, CD28" CD57"; [, CD28~
CD57"; ¢, CD28" CD57".

ranging in age from 15 to 69years. All were healthy at the EIA for CMV-specific IgG antibodies
time of the study and were not taking any drug. All had no Screening for IgG antibodies to CMV was performed using a
history of autoimmune or allergic diseases, or recentcommercially available EIA (IMX System; Abbot Labs, IL). The
infections. cutoff established by the manufacturer was at 15 AU/ml.

In contrast to many studies dealing with age-dependent varia-
tions of immune parameters, we did not compare a group of youngtatistical analysis
subjects with a group of aged subjects. As human ageing is a sloWo assess the bivariate associations between age and CD28/CD57
process, we considered that this two-group design was an artificiaxpression in CD8™ cells or between age and the titre of IgG
approach, as it does not allow full evaluation of the changesanti-CMV, Spearman’s non-parametric correlation coefficients
occurring over time. Accordingly, our donors were all aged were computed.
between 15 and 69 years, and were not divided into groups for In order to assess the association between age and CD28/CD57

the analysis. expression in CD8" cells, controlling for CMV carrier status, a
multiple linear regression model was fitted. CD8 markers were
Three-colour flow cytometry used as the dependent variables and age and the titre of IgG anti-

Whole blood was stained with fluorochrome-conjugated MoAbsCMYV as the independent variables. The validity of the regression
(anti-CD57—FITC (Leu-7), anti-CD28—PE (Leu-28) and anti- model assumptions was assessed by the analysis of residuals.
CD8-PerCP (Leu-2a), all purchased from Becton DickinsonLogarithmic transformations of the variables were checked, but
(San Jose, CA)). Thereafter blood was submitted to Q-Prephey did not improve the goodness of fit of the model.

lysing and fixing (Coulter Corp., Hialeah, FL). P <0-05 was considered to be statistically significant.

We stained whole blood instead of mononuclear cells
isolated with density gradients because it has been reported RESULTS
that CD28 T cells show different density properties from
CD28" T cells [14]. Age-related changes in the phenotype of €88 T cells

Samples were analysed on a Epics XL flow cytometer (Coulter)As explained in Subjects and Methods, we performed a simulta-
using the XL2 software. Ten thousand lymphocytes were gated oneous analysis for CD28 and CD57 expression in B8 cells,
forward and side scatter (SS) parameters. This gating region wasxcluding CD&"* cells from the study since they correspond
referred to a FL3/SS histogram, where a FI(D8"9"™") region  mainly to NK cells [15]. Results are shown in Fig. 1.
was defined. This CO¥™ region was further analysed for the On one hand, the reciprocal expression of CD28 and CD57
expression of FL1 and FL2. must be noted: only 0-79% (range 0—3%) of CB¥ cells were

The fact that CDB™ subsets were referred to total CE8"  CD28" CD57", while 18% (range 3—47%) were CD2&D57"
cells instead of to total lymphocytes excluded the possibility thatand 60% (range 22—-88%) were CD268D57 .
the results could have been affected by the age-dependent variation On the other hand, CI)8™ CD28" CD57" cells correlated

of the percentage of CD8T cells. negatively with agerpearmar= —0-49,P <0-001), while CD8I™"
CD8°"* cells were excluded from the analysis since they CD28™ CD57" cells showed a significant positive correlation with
correspond mainly to natural killer (NK) cells [15]. age (spearmar=0-41,P<0-001).

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$1248-51
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Fig. 2. Association between the titre of IgG anti-cytomegalovirus (CMV)

and the age of the donors £ 67).

Detection of CMV-specific IgG antibodies
Given that CMV induces CD57 expression in CD&lls [11-13]

and since the presence of CD57 is related to the absence of CD2§§'
it can be deduced that CMV might have some effect on CD28

J. Merinoet al.

Table 2. Independent association of age and the titre of IgG anti-cyto-
megalovirus (CMV) with CDB9™ CD28~ CD57" subpopulation

Dependent variable: CD8"9"CD28~ CD57" (%) (n=67)

r?=0-27
B s.e.B P
Age (years) 0-28 0-08 0-0014
CMV (AU/ml) 0-013 0-005 0-019
(constant) 4.0122 3:45

B, Regression coefficient; s.8, standard error of regression coeffi-
cient.

per AU/ml,P=0-2). The age of the donors explained 26-5% of the
variability of this subpopulation and both variables explained
2%.

However, the increase in CO8™ CD28 CD57" cells

expression. For this reason, we tested all the donors for thdePended both on age ¢B0-28% per yearP <0-01) and CMV

presence of IgG anti-CMV. Results are depicted in Fig. 2.

carrier status (B=0-013% per AU/mIP<0-05) (Table 2). Both

IgG antibodies to CMV were detectable by EIA in 49 out of 67 factors altogether explained 26-9% of the variability of this sub-
individuals (73%:; range 48—665 AU/ml). The remaining 18 donorsPoPulation (*=0-27). When studied separately, we found that age

(27%) were negative(15 AU/ml).

It is interesting to note that we found a statistically significant '€Maining 6-

accounted for 20-3% of the variability and CMV added the
6%.

correlation between the titre of IgG anti-CMV and the age of the

donors (spearmar= 0-33,P<0-01).

Independent effects of CMV and age on CD28 and CD57 expres:

sion in CD&"9™ cells

As we explained above, CMV induces CD57 expression in €D
cells, which theoretically means that CMV would down-regulate
CD28 expression in these cells. Given that we had found an ag

DISCUSSION

The first major conclusion that can be drawn from this study is that
CD8"9" cells show an age- and CMV-dependent increase of

g CD57 expression and an age-dependent decrease of CD28 expres-

sion. We did not find any significant association between CD28

&Expression and CMV carrier status. Although it can not be

dependent increase in CMV carrier status, we could not be surgXcluded that we might have lacked the statistical power to

whether the previously described age-related increase if"€¢bH8

CD28 CD57' cells was an effect of age or CMV infection, or

detect this association, we assume it to be very weak if it exists.
With regard to CD57, it is well documented that CMV carrier

both. For this reason, we tried to assess the independent associatigftus 1S associated with significant increases in the number of T

of these two factors (age and titre of IgG anti-CMV) with CI&*
CD28" CD57" as well as CD8®™ CD28" CD57
subpopulations, by means of a multivariate analysis.

As shown in Table 1, the observed decrease in &8
CD28" CD57 cells was influenced only by age é-0-43%
per year,P<0-001) and not significantly by CMV (B —0-008%

cells expressing this molecule [11-13]. On the other hand, several
authors had reported that age increases CD57 expression iti CD8
T cells [7—10]. However, none of these studies analysed simulta-
neously the influence on CD57 expression of both age and CMV.
This simultaneous analysis seemed essential to us, since, as
described in this study and extensively reported by others
[16,17], CMV carrier status increases with age. Taking it into
account, it could have been possible that the CD57 induction

Table 1. Independent association of age and the titre of I9G anti-cyto-attributed to age was in fact an indirect effect due to CMV carrier

megalovirus (CMV) with CDB9™ CD28" CD57" subpopulation

Dependent variable- CD8"9™CD28"CD57~ (%) (n=67)
r>=0-28

B s.e.B P
Age (years) —0-4322 01 0-0001
CMV (AU/ml) —0-0083 0-006 0-205
(constant) 79-302 4.12

status. To evaluate this possibility, we performed a multivariate
analysis of the independent relationship of age and CMV on the
expression of CD57 by CD¥™ cells, concluding that both
factors are associated with its increase, although to a different
extent. The association of age with CD57 expression was stronger
than the association of this marker with CMV carrier status.
Concerning the observed decrease in CD28 expression by
CD8"" cells, we found an association only with age, and not
with CMV. To our knowledge, this is the first study that evaluates
the effect of age on CD28 expression by T lymphocytes. The
observed age-dependent decrease in CD28 expression could con-

B, Regression coefficient; s.8, standard error of regression coeffi- tribute to explain the diminished T cell responsiveness to CD28

cient.

costimulation that Engwerdeat al. have reported in relation to age
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[2,3]. It also could account for the substantial variability described differentiation and class [l MHC antigens on the surface of T lympho-
by Sunder-Plassmann and coworkers in the individual response to cytes from normal human subjects. Cell Immunol 19856268-73.
CD28. These authors tested a large panel of adult healthy control$ Hannet |, Erkeller-Yuksel F, Lydyard P, Deneys V, DeBigyd/.

for their T cell response to CD28 stimulation and reported great Developme_ntal and maturational changes in human blood lymphocyte
variation between donors, attributing it to genetic or other, so far subpopulations. Immunol Today 19923.215-8.

. i . . 9 Abo T, Cooper MD, Balch CM. Postnatal expansion of the natural killer
unidentified, factors [18]. As we have demonstrated in this study, and killer cell population in humans identified by the monoclonal HNK-

age is one of these factors. _ , 1 antibody. J Exp Med 198255321-6.

The second conclusion that can be drawn is the reciprocajg Ligthart GJ, Van Viokhoven PC, Schuit HR, Hijmans W. The expanded
expression of CD28 and CD57 in healthy CDBcells. Only around null cell compartment in ageing: increase in the number of natural killer
1% of them express both markers simultaneously. Azeta also cells and changes in T-cell and NK-cell subsets in human blood.

described this phenomenon in healthy controls [6], but an extensive Immunology 198659.353-7.

testing of a large panel of donors was lacking. Most studies dealing1 Lenkei R, Andersson B. High correlations of anti-CMV titres with
with the simultaneous analysis of CD28 and CD57 in CD&ells lymphocyte activation status and CD57 antibody-binding capacity as
have been performed in HIV patients [4] as well as in cancer or estimated _W|th three-colour, quantitative flow cytometry in blood
autoimmune patients [5]. In fact, the expansion of the subse&2 donors. Clin Immunol Immunopathol 199%7.131-8.

igh+ . . . Gratama JW, Naipal AMIH, Oosterveer MAR al. Effects of herpes
cog' .CDZET C_:I?S?* has been conS|dergd as associated with virus carrier status on peripheral T lymphocyte subsets. Blood 1987;
pathological conditions [5]. From our results it can be deduced that  ;5516_23

this expansion takes place as part of the normal process of ageing.i Gratama Jw, Kardol M, Naipal AMilet al. The influence of cytome-
does not seem surprising, since human T cells have been shown to galovirus carrier status on lymphocyte subsets and natural immunity.
down-regulate CD28 expression after stimulation by antigen Clin Exp Immunol 198768:16—24.

[19,20]. The repeated antigen stimulation occurring throughoutl4 Nakata M, Kawasaki A, Azuma Mt al. Expression of perforin and
life could lead to a permanent loss of CD28 expression. In fact, cytolytic potential of human peripheral blood lymphocyte subpopula-
CD8" CD28 cells are considered as terminally differentiated T  tions. Int Immunol 19924:1049-54. _ _ _
cells [21], showing shortened telomeric lengths [22] and a dimin-° r':luorigﬁr]lf ﬁ‘é\l’:vs Lgﬁ“gg ?ng;;:ggd ;Ub“”'t of CD8 is expressed in
ISh.ed p_rollferatlve capacity [23]..In a reciprocal manner, repeatele Gold E, Nankervis GA. Cytomegalovirus: descriptive epidemiology. In:
antigenic exposures throughout life could lead to an enhancement 0

. . . . Evans AS, ed. Viral infections of humans. Epidemiology and control,
CD57 expression, given that the presence of this molecule is also 34 ogn. New York: Plenum Medical Book Co.. 1989:171—5.

considered a late differentiation event of T cells [23,24]. 17 Britt WJ, Alford ChA. Cytomegalovirus: epidemiology. In: Fields BN,
Further studies will be required in order to elucidate whether Knipe DM, Howley PM, eds. Fields virology, Vol. 2, 3rd edn.
CD28 down-regulation and CD57 up-regulation in CDB cells Philadelphia: Lippincott-Raven Publishers, 1996:2494—6.

are linked by some regulatory pathway, or are simply coincidentafl8 Sunder-Plassmann R, Pickl WF, Majdic O, Knapp W, Holter W.

events responding to the same cause, namely a repeated antigenicCl’OSS"nking of CD27 in the presence of CD28 costimulation results

stimulation. in T cell proliferation and cytokine production. Cell Immunol 1995;
16420-27.

19 Linsley PS, Bradshaw J, Urnes M, Grosmaire L, Ledbetter JA. CD28
engagement by B7/BB-1 induces transient down-regulation of CD28
synthesis and prolonged unresponsiveness to CD28 signalling. J Immu-
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