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Morphologically and functionally intact dendritic cells can be derived from the
peripheral blood of aged individuals
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SUMMARY

Dendritic cells are antigen-presenting cells (APC), which are crucial for the initiation of an immune
response. In spite of the well known decline of immune function in old age, no information is yet
available on whether dendritic cells are also affected by the ageing process. It was therefore the aim of
this study to compare peripheral blood dendritic cells (DC) from old and young healthy individuals.
Using granulocyte-macrophage colony-stimulating factor (GM-CSF) and IL-4, DC were propagated
from peripheral blood mononuclear cells (PBMC). The obtained cell populations had a typical dendritic
morphology and expressed HLA class | and class Il, CD23, CD32, CD40, CD44 and CD54, but not CD3
and CD19. Larger numbers of DC were obtained from old individuals than from young ones in spite of a
similar expression pattern of surface molecules. DC from aged persons also survived bettén under
vitro culture conditions. When tested for their antigen-presenting capacity, DC from young and old
individuals were equally effective in inducing the proliferation of tetanus toxoid-specific T cell clones
after antigenic stimulation. Peripheral blood DC from aged individuals may thus still function as
powerful APC. They may represent useful tools for immunotherapy in the aged.
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INTRODUCTION DC can be isolated from various sources using sophisticated
protocols [8,9]. Due to the low cell nhumbers available after

Dendritic cells (DC), which were first described by Steinman & purification functional studies are, however, difficult to perform.

Cohn in 1973 [1], are a population of widely distributed IeucocytesOnIy recently it has become possible to obtain larger numbers of

that play a key role in the immune system [2,3]. They are highlyDC from the peripheral blood [10,11]. This is being done by

specialized in antigen presentation, are the principal activators

of resting T cells, and represent a major source of immuno_stlmulatlon with IL-4 and granulocyte-macrophage colony-stimu-

genic epitopes after administration of antigen [2,3]. DC provideIatlng fac_tor (GM-CSF)._TI_we res_ultmg cells have the phenotyplc
T cells with all necessary signals required for activation andand fu_n_ctlonal characteristics oflrr_lmature DC. They haveatyplcgl
proliferation. These signals are generated by the interaction OQendm'C morphology, EXpress h'gh levels (.Jf th? characteristic
complexes of MHC molecules and antigenic peptides with thesurfa_ce molecules, are highly stimulatory n mixed Ieuco_cyte
T cell receptor [4] and by the engagement of costimulatoryreacuons (MLR) and are capable of presenting soluble antigens

molecules such as the binding of CD54 to CD11/CD18 [5] andtO specific T cell clones [10,11].

of CD80/86 to CD28 and CTLA4 on the T cell surface [6]. . e Novel methodological approach to generate lines of func-
tioning DC opened new areas of research. Detailed studies on the

Precursors of DC are localized in the bone marrow, from wher . . - . )
' efunctlon of DC from various physiological and pathological

they emigrate into the peripheral blood [7]. Immature DC mayso rces can now be performed and defects in antigen presentation
then spread into tissues like epidermis, heart, lung, liver, gut, Iuid ted [12.13 OE ndition. in which the fun % nFi i
thymus, spleen and lymph nodes [2,7]. From these organs maturg cloate [12,13]. One co on, ch the functional capactly

DC emigrate via the lymphoid system after antigen uptake and)f a_ntlgen-pr_esentlng ce!ls (APC) is still a '?‘a“er of debate,. IS
processing [7]. ageing. In spite of a vast literature on the decline of T cell function

in old age [14-16], relatively few and controversial studies have
Correspondence: Dr B. Grubeck-Loebenstein, Institute for Biomedical?€€n published on APC. Peritoneal macrophages from aged mice

Ageing Research of the Austrian Academy of Sciences, Rennweg 10, Ahave been reported by some groups to have a reduced antigen-
6020 Innsbruck, Austria. presenting capacity [17,18], but were described as unimpaired by
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14— others [19,20]. A decreased density and functional activity of
Langerhans cells has been observed in the aged mouse skin [21].
12 - . In the human, peripheral blood monocytes from aged individuals
° have been investigated. Their function has mainly been reported to
o 10— ° be normal [22,23], but a reduced activity has also been suggested
2 . [24,25].
S o8- . No information is yet available on DC function in old age. It
g was therefore the aim of the present study to analyse the mor-
8 6 oo - phology, phenotype and antigen-presenting capacity of DC
Y lines generated from the peripheral blood of old and young
T 4+ ° individuals.
-0 [ 1]
2 [ ]
Qo
0 ° ¢ MATERIALS AND METHODS

Fig. 1.Yield of dendritic cells (DC) generated from the peripheral blood of Reagents, monoclonal antibodies and sera

young () and old individuals @®). Peripheral blood mononuclear cells [L-4, GM-CSF and IL-2 were kindly provided by Sandoz (Vienna,

(PBMC) were incubated for 120 min at 37. Non-adherent cells were then  Austria), and tetanus toxoid (TT) was a gift from the Schweizer

removed and the adherent population stimulated with IL-4 (1000 U/ml) andgerym- & Impfinstitut (Bern, Switzerland).

granulocyte-macrophage colony-stimulating factor (GM-CSF; 800 U/ml). Mouse MoAbs directed against the following cell surface

After 1 week the cells were removed from the wells, counted and the yiel ; . AR

of DC (1(P/10° PBMC) was assessed. Mean values wexel6® DC in the ddcftiumnaDm\?w\]NeJ;u;ﬁrdé M'}',IC Clatsz : (I:A-lll:lé AI’ B, ||C|'.|ﬁ§rgl|_qa:b'

old and 29 x 10° DC in the young group; olatersusyoung: P < 0-05. awiey bown, UK, -conjugated), class Il ( Bths
FITC-conjugated), CD14 and CD19 (Dako A/S, Glostrup,

Fig. 2. Morphology of dendritic cells (DC) from old and young individuals. DC were generated from the peripheral blood as described in the
legend to Fig. 1. (a,b) The morphology of DC after 1 week of cultur®00 magnification; Labovert FS inverted microscope, Leitz). (c,d) The
morphological appearance of the cells after 3 weeks of continuous culture in IL-4 (300 U/ml) and granulocyte-macrophage colony-stimulating
factor (GM-CSF; 800 U/ml;x200 magnification; Labovert FS inverted microscope, Leitz). Two representative cultures, one from a young
(a,c) and one from an old individual (b,d) are shown.
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Denmark), CD23, CD44, CD54, and CD32 (Monosan, Uden,thus established. After appropriate growth they were transferred
The Netherlands; FITC- or PE-conjugated), CD40 (Pharmingento 24-well plates, where they were restimulated with TT in
San Diego, CA) and CD3 (An der Grub, Vienna, Austria; PE- combination with autologous irradiated PBMC flmjlture) at
conjugated). FITC-conjugated rabbit anti-mouse 1gG-IgM wasweekly intervals. IL-2 was added twice weekly (20 ng/ml), once
used as second layer (An der Grub). on day 2 and once on day 4 after the addition of antigen.
AB* human serum was provided by the Blood TransfusionPhenotypic analysis revealed that the lines were CDMiquots
Unit (University of Innsbruck, Austria), fetal calf serum (FCS) was of the lines were frozen down and kept in liquid nitrogen until
purchased from SEBAK GmbH (Stuben, Austria). analysis.

Preparation of peripheral blood mononuclear cells Proliferation assays
Peripheral blood mononuclear cells (PBMC) were obtained from oldT cells were cultured at & 10* cells/well in flat-bottomed plates
(>65 years;n=12) and young (<30 yearsi= 14) healthy blood in RPMI, 10% human serum. Triplicate cultures were performed
donors selected according to the SENIEUR protocol of the Europeaim each experiment. T cell proliferation was measured in response
Community’s Concerted Action Programme on Ageing [26,27].to IL-2 (20ng/ml) as well as in response to TT presented by
Cells were purified from heparinized blood by Ficoll-Paque (Phar4rradiated autologous PBMC (610" cells/well) or by irradiated
macia, Uppsala, Sweden) density centrifugation and washed twice iautologous DC (1Dcells/well). The numbers of PBMC and DC
RPMI 1640 (Gsco, Grand Island, NY). per culture were chosen following a published protocol [11].
Pilot experiments additionally demonstrated that DC numbers
could be reduced to Favell without significant changes in
Preparation of DC their effect. TT had a maximal stimulatory effect at concentra-
DC were prepared according to a published method [11]. In brieftions between Q and 1Qugml. It was routinely used at a
PBMC were resuspended in RPMI 1640 containing 10% FCS, 1%oncentration of Lg/ml. T cell proliferation in response to
antibiotics (P/S; penicillin 10000 U/ml and streptomycin stimulation with autologous irradiated PBMC or DC in the
10000ug/ml; GieBco) and were allowed to adhere to six-well absence of antigen was considered as background. Allogeneic
plates (Falcon; Becton Dickinson, Heidelberg, Germany). Afterirradiated PBMC and DC were used in control experiments. After
2h at 37C, non-adherent cells were removed and adherent cella 48-h incubatiorfH-thymidine (1:Ci/well) was added. Cultures
cultured at 16 cells/ml in RPMI, 10% FCS supplemented with 800 were then left at 37TC for another 8h, after which they were
U/ml GM-CSF and 1000 U/ml IL-4. Cells were then fed every harvested and®H-thymidine incorporation was measured as
other day with fresh culture medium containing 800 U GM-CSF described [28].
and 300 U IL-4 per ml. After 1 week in culture the cells, which
were at that time point mostly non-adherent, were removed from
the plate and washed twice in RPMI. They were then counted antatistical analysis
analysed. Cell yields were expressed as the numbers of DGtudent'st-tests were used for statistical evaluation.
obtained from 1B PBMC.

Immunofluorescence staining and FACScan analysis RESULTS
Cells were transferred into round-bottomed tubes @dlis/tube;  DC can be generated from the peripheral blood of old and young
Becton Dickinson, Mountain View, CA) and washed a€4n PBS individuals
containing 01% FCS. Antibodies were added and the cells left to Following a recently established method, in which GM-CSF and
incubate at 4C. After 40 min the cells were washed twice in PBS. IL-4 were used as DC growth stimuli, DC were generated and
When antibodies were unconjugated, the first incubation step wagropagated from the peripheral blood of old and young individuals.
followed by a 40-min incubation with a FITC-conjugated anti- Interestingly, the yield of DC was higher when DC were propa-
mouse IgG-IgM antibody and another washing step. Cells stainedated from PBMC of old individuals than when PBMC from young
with irrelevant antibodies of matching isotypes or with secondpersons were used as a starting population (Fig. 1). Whereas
layer only were used as controls. Analysis was performed on 294+ 05 x 10° DC were generated from $0PBMC in young
Becton Dickinson FACScan. Five thousand scatter-gated cellslonors, 6+ 1-1x 10° DC could be obtained in the aged donor
were analysed in each sample. The frequency and fluorescenggoup P <0-05). The morphological appearence of cultures from
profiles of the cells were determined with logarithmic signal young and old individuals was also different (Fig. 2). Whereas in
amplifiers. cultures from young donors DC mainly occurred in clusters which
were surrounded by a few scattered cells (Fig. 2a), there were
fewer clusters and more scattered cells in cultures from aged
Preparation and maintenance of TT-specific T cell lines individuals (Fig. 2b). DC from old individuals also survived
Mononuclear cells from two old and from two young personslonger in culture. After the second week in culture a gradual
were stimulated with TT (Lkg/ml) and kept in bulk culture in  decrease in growth followed by cellular degradation was mostly
RPMI 1640 containing 10% human serum for 1 week. Pro-observed in DC from young individuals in spite of continuous
liferating T cell clusters were then picked under microscopicstimulation with GM-CSF and IL-4 (Fig. 2c). At the same time
control, removed into the wells of a 96-well plate (one cluster/no such decline was found in many of the cultures from old
well) and restimulated with autologous PBMC ¢16ells/well, individuals, in which DC were still proliferating after 3 weeks
35 Gy), TT (1pug/ml) and IL-2 (20 ng/ml). Oligoclonal lines were (Fig. 2d).
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Fig. 3. (See next page for caption.)
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individuals were pulsed with TT and co-cultured with autologous
TT-specific T cell lines. The proliferation of the T cells was then
analysed. For comparison, T cell proliferation was also studied
when antigen was presented by irradiated autologous PBMC. DC
= TL from young and old individuals worked equally well as APC (Fig.
4). In both groups application of TT in combination with DC

induced a markedly higher proliferation of T cells than when
antigen was presented by PBMC. No T cell response was noted
when PBMC or DC were added without antigen or when TT was
used in combination with allogeneic DC.

DISCUSSION
103 i i | Our results demonstrate that DC can be established from the

lo2 Lo3 Lo7 Lo9 Lyl Ly2 Ly5 Ly7 p_eri_pheral blood of healthy aged individuals. Th(_ase cells have a
old Young similar surface marker profile to corresponding cells from

) - ) o young persons and have an intact capacity to present antigen. DC

Fig. 4. Dend'ntlc gells (DC) from the penphera} blood of aged |nd|V|'duaIs have a much better antigen-presenting capacity than PBMC (Fig. 4).

have an unimpaired capacity to present antigen to tetanus toxoid (TT).—I.hiS latter feature may be of particular importance in old age, in

specific T cell lines. Proliferation®d-thymidine incorporation) of TT- . . . Lo
specific T cell lines (5« 10* cells/well) in response to stimulation with TT which T cell responsiveness is diminished [14-16] and clonal

(1ug/ml) presented by irradiated (30Gy) autologous peripheral bloog€limination of T lymphocytes may take place earlier, after a lower
mononuclear cells (PBMC; § 10%well) or by irradiated (30 Gy) auto- number of population doublings [29-31]. The well known age-
logous DC (1x 10%well). The four T cell lines shown in the left part of the  related decline of immune function [14] may thus be mitigated by
graph derived from two old healthy individuals, the T cell lines on the right DC, which in the course of immune responses may increase T cell
hand side were established from two young donors. Results are expressed@®liferation and thus rescue cells otherwise destined to perish [32].
mean ct/min+ s.e.m. for triplicate cutures. Proliferation of T cells in This may be of relevance for the design of vaccines, which could
response to irradiated antigen-presenting cells (APC) in the absence @fe more effective when specifically targeted to DC, as recently
antigen was considered as background proliferation and was always Ie%%ggested [7,33].

than one tenth of the proliferation in response to antigenic stimulation. No
proliferation was noted when TT was added in combination with irradiated
allogeneic PBMC or DC. The figure depicts one of four identical
experimentsll, PBMC; 0, DC.

ct/min

A requirement for vaccine uptake by DC is a sufficient cell
density at the site of injection. Langerhans cell numbers seem to be
decreased in the skin of aged mice [21], and humans [34]. The
reason for this impairment is still unknown, but it seems possible
that the migration of DC from the blood stream to peripheral
organs is affected by the ageing process. As the expression of
surface molecules is unimpaired in DC from aged individuals
DC from old and young individuals have a similar surface marker (Fig. 3), it is unlikely that the DC themselves do not meet the
profile necessary requirements for migration. It is still possible that due to
After 1 week of culture DC from old and young individuals were changes of the endothelium [35] and alterations of extracellular
analysed for their surface expression of MHC class I, MHC class IImatrix proteins [36] the mobility of DC is reduced. A decreased
CD40, CD54, CD32, CD23, and CD44 (Fig. 3a). In some of theemigration of DC into the periphery and increased numbers of
lines from each group CD23 was only present on a subpopulatioimmature DC in the blood stream would be the consequence. This
of DC. All other molecules were expressed by all cells of aconcept is supported by our finding that the yield of immature DC
population. The intensity of the respective stainings was similaffrom the blood was considerably higher in old than in young
in DC populations derived from young and old individuals individuals (Fig. 1). DC from aged persons also had a different
(Fig. 3b). morphology and improved survival qualitizsvitro. This suggests
that a DC population of high quality, which could migrate
quickly in the young, may be retained for longer periods in the
DC from old individuals have an unimpaired capacity to presentcirculation in aged individuals. Under which conditions these
antigen cells could finally leave the blood stream will be a topic of
To analyse whether DC from aged persons had an intact capacity foture investigations. It seems still possible that DC may be
present antigen, irradiated DC from two young and two oldfunctioning while circulating in the blood stream. They may, for

Fig. 3. (See previous page.) Immunofluorescence staining and analysis of dendritic cell (DC) lines grown from the peripheral blood with IL-4
and granulocyte-macrophage colony-stimulating factor (GM-CSF). Cells were stained with different MoAbs as described in Materials and
Methods. (a) One characteristic experiment, in which cells from a young individual were used. The curves represent the phenotype of the
population. A control experiment in which cells were stained with second layer only is shown in the upper panel. It is notable that the
population did not express CD3, CD14 and CD19, but MHC class I, MHC class Il, CD23, CD32, CD40, CD44, and CD54. (b) Comparison of
the different stainings in DC from younglj and old @) individuals. The bars represent the mean channel fluorescence. Results are expressed
as meang:s.e.m. i=10 in the young anth=9 in the old group).
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In conclusion, our results for the first time demonstrate that16 Pa\.NeleC .G' _Molecular "?md C.e“ biological studies (.)f aging and
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