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The study was undertaken considering: i) that relative proportion of distinct subsets
of splenic dendritic cells (DCs) is strain-specific and predictive for the susceptibility
to autoimmune diseases; ii) age-related changes in endocytic, allostimulatory and
polarizing capacity of splenic OX62+ DCs from Albino Oxford rats (relatively resistant
to Th1/Th17-mediated diseases) and iii) strain specificities in age-related changes of
mouse DCs. To ascertain whether there are strain specificities in age-related rat DC
changes, we examined the influence of aging on OX62+ DCs from Dark Agouti (DA)
rats prone to Th1/Th17-mediated autoimmune diseases. The study provided additional
evidence that the predominance of CD4- cells within OX62+ DCs from young adult
rats correlates with their susceptibility to Th1/Th17-mediated diseases. Consistently,
lipopolysaccharide (LPS)-matured DCs from 3-month-old (young) rats exhibited Th1
driving force when co-cultured with allogeneic CD4+ T cells. This most likely reflected
enhanced TNF-α and iNOS expression. Comparing with young rats, OX62+ DCs from
26-month-old (aged) rats showed: i) diminished endocytic capacity; ii) impaired ability
to mature in vitro upon LPS stimulation (as indicated by lower MHC II, CD86 and CD40
surface expression), which is consistent with the increase in their IL-10 production, and
iii) diminished allostimulatory capacity and loss of Th1-driving capacity in the mixed
lymphocyte reaction. The latter, probably, reflected greater IL-10 production by LPSstimulated DC from aged rats, as well as lower CD40 density on their surface. Overall,
our findings suggest that aging might affect DA rat capability to mount an efficient Th1
immune response, and consequently susceptibility to Th1/Th17-mediated pathology.
Key words: aging, allostimulatory capacity, splenic conventional dendritic cells, strain
differences, Th polarization
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INTRODUCTION
Dendritic cells (DCs) are highly specialized antigen–presenting cells that integrate
a variety of incoming signals and orchestrate the immune response 1. Upon
encountering antigens in the presence of inflammation and danger signals these cells
mature (up-regulate MHC and co-stimulatory molecules) and present antigen to naïve
T lymphocytes. Naïve T lymphocytes require two signals to become fully activated.
A first signal, which is antigen-specific, is provided through the T cell receptor
(TCR) which interacts with peptide-MHC molecules on the membrane of DCs. A
second signal, the co-stimulatory signal, is antigen nonspecific and is provided by the
interaction between co-stimulatory molecules expressed on the membrane of DCs
(CD80, CD86) and CD28 on T cells. In addition, DCs, through the production of
various cytokines, play a decisive role in the differentiation/polarization of activated T
cells into Th1, Th2, Th17 or Treg effector cells 2.
DCs represent a heterogeneous cell population. This population can be divided into
subsets that differ in morphological, phenotypic and functional characteristics. In the
rat spleen, can be distinguished, at least, three morphologically and phenotypically
distinct DC subsets: two (CD4+ and CD4-) conventional subsets, which express
the αOX-62 integrin subunit (CD103) recognized by the monoclonal antibody (mAb)
MRC OX62 (OX62+ DCs), and a plasmacytoid subset 3,4. Conventional CD4- DCs
(OX62+CD11b+MHC II+CD4-) have a myeloid-related morphology, produce large
amounts of the proinflammatory cytokines, and induce a Th1 response in allogeneic
CD4+ T cells 3. On the other hand, the CD4+ DCs (OX62+CD11b+MHC
II+CD4+) display a more heterogeneous morphology than CD4- DCs and they are
shown to be: i) strong inducers of CD4+ and CD8+ T cell proliferation, ii) very poor
producers of inflammatory cytokines and iii) capable to induce both Th1 and Th2
responses 3. Rat splenic plasmacytoid DCs, having an undifferentiated morphology,
do not express the OX62 marker (OX62-CD11b-MHC II+CD4+CD45R+) and after
stimulation of Toll-like receptor (TLR) 7 and 9 produce large amounts of type I IFN
4.
Aging is associated with a progressive decline in immune function (immunosenescence)
resulting in augmented susceptibility to viral and bacterial infections, decreased
response to vaccines and, increased incidence of cancer and altered incidence of
many autoimmune diseases 5,6,7. Although deleterious effects of aging on immune
responsiveness have mainly been attributed to alterations in the T-lymphocyte
compartment 8,9, age-associated perturbations in the DC pool from mice and
humans have been also indicated 10-16. The data on the influence of aging on rat
DCs are rather limited. Our recent study 17 described the influence of aging on DCs
from Albino Oxford (AO) rats, which are relatively resistant to several Th1/Th17mediated autoimmune diseases 18,19. More specifically, this study demonstrated
the predominance of CD4+ cells in fresh suspensions of splenic OX62+ DCs from
young AO rats, and an age-related shift in CD4+:CD4- subset ratio towards the CD431
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cells producing large amounts of the proinflammatory cytokines 20. It should be
pointed that in the rat the relative proportion of distinct splenic DC subsets is straindependent 18,20 and highly predictive for strain-dependent susceptibility to organspecific autoimmune diseases 20. In this context it is important to add that in vitro
LPS-activated splenic OX62+ DCs from aged AO rats express more TNF-α, IL-12,
IL-6 and IL-23 and exhibit an enhanced Th1/Th17 driving capacity when compared
with the corresponding cells from young rats 17. In keeping with the latter findings,
aged AO rats exhibit an increased susceptibility to the induction of experimental
autoimmune encephalomyelitis (EAE), a prototype of Th1/Th17 autoimmune
disease, when compared to the young ones 17.
Furthermore, the study in mice revealed that aging differentially affects DCs from
the prototypical Th1 strain C57BL/6 and the prototypical Th2 strain BALB/c 21.
However, there is no data on the putative influence of strain on age-related alterations
in rat DCs.
Having all the aforementioned in mind, this study was designed to explore: (i) the
relative proportion of distinct cell subsets within freshly isolated splenic conventional
OX62+ DCs (the main antigen presenting cells of the immune system) from young
Th1/Th17-mediated organ-specific autoimmune disease prone Dark Agouti (DA)
rats 19,22,23, their phenotypic characteristics and endocytic capacity, as well as their
cytokine secretory profile, allostimulatory and polarizing capacity following in vitro
maturation with LPS and (ii) the influence of aging on these phenotypic and functional
parameters. For this purpose, we examined splenic OX62+ DCs from 3-month-old
(young) and 26-month-old (aged) rats.
MATERIAL AND METHODS
Animals

In the present study, we used 3- and 26-month-old female DA rats bred in the animal
facility of the Immunology Research Centre „Branislav Janković“ at the Institute
of Virology, Vaccines and Sera “Torlak“, Belgrade, Serbia. All rats were euthanized
by exposure to increasing doses of CO2 and spleens were carefully dissected. Only
clinically healthy animals were used in this study. The animals showing evident signs
of illness, tumors or splenomegaly at autopsy were not included in the study. The
animals were handled in accordance with the Directive 2010/63/EU of the European
Parliament and of the Council on the protection of animals used for scientific purposes
(revising Directive 86/609/EEC). The experimental protocol was approved by the
Experimental Animal Committee of the University of Belgrade-Faculty of Pharmacy,
Belgrade, Serbia (No 6/12).
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Reagents and antibodies

In all cell cultures, RPMI 1640 medium (Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany) supplemented with 2 mM L-glutamine (Serva, Heidelberg, Germany), 1
mM sodium pyruvate (Serva), 100 units/ml penicillin (ICN, Costa Mesa, CA, USA),
100 μg/ml streptomycin (ICN) and 10% fetal calf serum (FCS) (Gibco, Grand Island,
NY, USA) were used. Collagenase D was obtained from Roche Diagnostics (Meylan,
France). The density gradient mediums Optiprep™ and Percoll®, 4-(2-hydroxyethyl)1-piperazineethanesulfonic acid (HEPES), lipopolysaccharide from Escherichia
coli 0111:B4 (LPS), fluorescein-isothiocyanate (FITC)-conjugated dextran,
7-aminoactinomicin D (7-AAD), 5(6)-carboxyfluorescein diacetate succinimidyl
ester (CFSE) and sodium azide were purchased from Sigma Aldrich Chemie GmbH.
Ethylenediamine-tetraacetic acid (EDTA) and bovine serum albumin (BSA) were
obtained from Fluka AG (Chemie) GmbH (Buchs SG, Switzerland).
In addition, we used the following mouse anti-rat mAbs: FITC/Phycoerithrin (PE)conjugated anti-CD4 (clone OX-38), peridinin chlorophyll protein (PerCP)-conjugated
anti-TCRαβ (clone R73), FITC/biotin-conjugated anti-CD11b (clone WT.5), biotinconjugated anti-CD80 (clone 3H5), FITC-conjugated anti-RT1B (MHC II, clone
OX-6), biotin-conjugated anti-CD86 (clone 24F) and FITC-conjugated anti-CD40
(clone HM40-3). All these mAbs were purchased from BD Biosciences Pharmingen
(San Diego, CA, USA). In addition, PE-conjugated anti-αOX-62 integrin subunit
(anti-OX62; clone OX-62; AbD Serotec Oxford, UK) and rabbit anti-TLR4 Ab
(Abcam, Cambridge, UK) were used. The FITC-conjugated goat-anti rabbit Ab and
streptavidin-PerCP from BD Biosciences Pharmingen were used as secondary step Ab
and reagent, respectively. The appropriate isotype controls were also purchased from
BD Biosciences Pharmingen.
DC isolation and stimulation

As previously described in details 17, spleens were minced and digested in 2 mg/
ml collagenase D in RPMI/2% FCS for 30 min at 37°C. After washing in PBS/2%
FCS, cells were resuspended in RPMI/0.04% EDTA and mixed with Optiprep™ (3:1
v/v) to give a 15% solution (ρ=1.085 g/ml). This cell suspension (4 ml) was overlaid
with 5 ml of 11.5% Optiprep™ (ρ=1.068 g/ml) and 2 ml RPMI/0.02% EDTA and
centrifuged at 600 g for 15 min at 4°C. The low density cell fraction (LDF) at the
interface of the top two layers was collected and washed.
Next, OX62+ cells were separated from splenic LDF using immunomagnetic cell
separation technique and anti-rat OX62 microbeads (Miltenyi Biotec, Teterow,
Germany). The separation procedure was conducted according to manufacturer`s
instructions (Miltenyi Biotec). Briefly, after incubation of LDF with anti-rat OX62
microbeads (4°C, 15 min), positive selection was performed on magnetic cell separation
column by using QuadroMACS magnet (Miltenyi Biotec). The purity of DCs obtained
in this manner was up to 85% (as shown by staining with FITC-CD11b).
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Next, magnetically sorted OX62+ cells were cultured in 24-well plates (1x106 cells/ml
per well) in the RPMI/10% FCS with LPS (1 μg/ml) or without LPS (controls). After
16-18 h cells were collected and used for phenotypic and functional analyses, whereas
supernatants were stored at -70°C for cytokine assays.
Mixed lymphocyte reaction

The ability of OX62+ DCs to stimulate allogeneic CD4+ T cells was determined
in MLR. Graded numbers (from 0.25 x 104 to 2 x 104) of control (non-stimulated)
and LPS-stimulated OX62+ DCs were cultured in 96-well round-bottom plates with
1×105 CFSE-labeled CD4+ allogeneic T cells for 5 days. Allogeneic CD4+ T cells
were isolated and purified from the spleen of young adult AO rats by Percoll gradient
followed by the immunomagnetic cell separation technique with anti-CD4 microbeads
(Miltenyi Biotec) according to manufacturer’s instructions. Prior to culture, purified
CD4+ T cells were labeled with CFSE. For labelling with CFSE, CD4+T cells were
resuspended in PBS (1 x 106 cells/ml) and incubated with 5 μM CFSE for 10 min
at 37°C in the dark. Then 5 x the staining volume of ice-cold PBS + 5 % FCS were
added. Cells were incubated for 5 min on ice, and then washed before use. .After a
five-day-incubation, co-culture supernatants were collected and stored at -70°C for
cytokine assays.
Flow cytometry analysis (FCA)

Cells were examined using a FACScan flow cytometer (Becton Dickinson, Mountain
View, CA, USA) and post-acquisition data analysis was performed with FlowJo
software, v.7.8. (Three Star, Inc., Ashland, OR, USA).
Analysis of surface markers

For FCA, cells (1x105 cells per sample) were incubated with fluorochrome-labeled
mAb (direct labeling) or with unlabeled Abs (indirect labeling) for 30 min. Cells
subjected to indirect labeling were incubated with the appropriate second step
reagent for additional 30 min. All incubations were performed in the dark on ice.
After incubations cells were washed three times with PBS/2% FCS/0.1% sodium
azide. Non-specific isotype-matched controls were used for each fluorochrome type to
define background staining, while dead cells and debris were excluded from analysis by
selective gating based on anterior and right-angle scatter. The percentage of positive
cells and mean fluorescence intensity (MFI), as the measure of average cell density of
antigen expression, were determined for each labeling.
Cell survival

To estimate survival of OX62+ DCs and their subsets in vitro, 7-AAD, a fluorescent dye
with strong affinity for DNA, was used. Following CD11b and CD4 immunolabelling,
the cells were incubated with 5 μL of 7-AAD at 4°C for 20 min, and subsequently
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examined for the proportion of apoptotic cells, i.e. cells exhibiting altered morphology
(lower FSC and higher SSC) and increased 7-AAD incorporation (7-AAD+ cells).
Measurement of FITC-dextran uptake

To measure FITC-dextran uptake ability, freshly isolated OX62+ DCs (1×105 cells)
were incubated at 37°C or 4°C (negative control) in a media containing 1 mg/ml
FITC-dextran for 90 min. After incubation, the cells were washed twice with ice-cold
PBS/2% FCS/0.1% sodium azide to remove excess dextran. Percentage of dextran
positive cells and MFI, resulting from the subtraction of the negative control from
each experimental sample, represented the amount of incorporated tracer (FITCdextran).
Analysis of allogeneic CD4+ T cell proliferation

After 5 days of co-culturing with control and LPS-stimulated OX62+ DCs, CD4+
cells were immunolabeled for TCRαβ expression, and CD4+TCRαβ+ cells were
analyzed for proliferation by determining the division index and the proportion of
cells with diminished amount of CFSE. The division index (the average number of
divisions that a cell has undergone) was determined within the TCRαβ+ gate using
the FlowJo proliferation platform. It is noteworthy that there is a positive correlation
between the division index of cells and 3H thymidine incorporation 24.
Cytokine expression at mRNA and protein levels
Real-time PCR

Total RNA was isolated from 1x105 freshly isolated and cultured OX62+ DCs
by using the ABI Prism 6100 Nucleic Acid PrepStation (Applied Biosystems,
Foster City, CA, USA) and Total RNA Chemistry (Applied Biosystems). Reverse
transcription was performed with High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems), and 5 μl of cDNA was used for real-time PCR. Triplicate 25
μl reactions were ran under Applied Biosystems 7500 universal cycling conditions.
Gene Expression Master Mix and commercial TaqMan Gene Expression Assays for
rat IL-10 (Rn00563409_m1), TNF-α (Rn99999017_m1), IL-12a (Rn00584538_m1),
IL-23a (Rn00590334_g1), IL-6 (Rn99999011_m1), TGF-β1 (Rn00572010_m1), IL1β (Rn99999009_m1), TLR4 (Rn00569848_m1), NOS2 (Rn00561646_m1) and
hypoxanthine phosphoribosyltransferase 1 (HPRT 1) (Rn01527840_m1) were obtained
from Applied Biosystems. All procedures were performed according to manufacturer’s
instructions. Input cDNA was normalized to housekeeping gene (HPRT 1) as it
displayed an optimal stability among various samples tested. Quantitative differences
in gene expression levels were assessed using Applied Biosystems SDS software (v
1.4.0.) and 2-ΔΔCt method.
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ELISA

The concentration of TNF-α, IL-12p70, IL-23, IL-6, IL-1β and IL-10 in supernatants
from OX62+ DC cultures and IFN-γ, IL-17, IL-4, and IL-10 in supernatants from
OX62+ DC:CD4+ T-cell co-cultures were measured by ELISA. We used the ELISA
kits: rat IL-10 (R&D Systems, Minneapolis, USA), rat IL-1β (Thermo Scientific,
Rockford, IL, USA), rat IL-12p70 (Invitrogen Corporation, Camarillo, CA, USA),
rat TNF-α, IL-6 and IL-17A (Biolegend, San Diego, CA, USA), rat IL-4 (Bender
Medsystems, Vienna, Austria), rat IL-23 (USCN Life Science Inc. Houston, USA).
The tests were performed according to manufacturer’s instructions. For IFN-γ
measurement a sandwich ELISA was used. Anti-rat IFN-γ (clone DB1), biotinconjugated anti-rat IFN-γ (polyclonal) and recombinant rat IFN-γ were purchased
from eBioscience, Vienna, Austria, whereas extravidin-peroxidase was purchased from
Sigma Aldrich Chemie GmbH. A standard curve was generated with each assay with
the limit of detection for TNF-α = 2 pg/ml, IL-12p70 < 2.5 pg/ml, IL-23 = 5.8 pg/
ml, IL-6 = 5.3 pg/ml, IL-10 < 10 pg/ml, IFN-γ = 5.6 pg/ml, IL-17 = 8 pg/ml, IL-4
= 0.2 pg/ml and IL-1β < 5 pg/ml.
Statistical analysis

Data are presented as means ± SEM of the values. To assess significance of
differences between groups, we used the following statistical tests: two-way ANOVA
followed by Bonferroni test for post hoc comparisons (for testing the influence of
aging and culturing), two-way Kruskal-Wallis test followed by Mann-Whitney U test
for post hoc comparisons (for testing influence of aging and culturing on OX62+ DC
cytokine mRNA expression), Mann-Whitney U test (for testing the influence of aging
on fresh OX62+ DC cytokine mRNA expression) and Student`s unpaired t-test (for
testing influence of aging on fresh OX62+ DC subset distribution and cell surface
antigen expression). All analyses were performed using SPSS version 18.0 software.
Differences were considered to be significant when p<0.05.
RESULTS
Influence of aging on surface phenotype, cytokine mRNA expression
and endocytic capacity of fresh splenic OX62+ DCs from DA rats
Aging does not influence the predominance of CD4- cells
within splenic OX62+ DCs

In splenic LDF from young rats, CD4- cells represented the predominant cell subset
in OX62+ DC population, and their relative proportion did not change with aging
(Fig. 1A). Consequently, CD4+:CD4- DC ratio was comparable in OX62+ DCs from
young and aged rats.
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Figure 1. Influence of aging on surface phenotype of splenic OX62+ DCs from DA rats.
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Panel A. (a) The representative (right) flow cytometry histograms indicate the expression
of CD4 on OX62+CD11b+ DCs gated on splenic low density fraction (LDF) cells isolated
from young and aged rats as described in the section Material and Methods. Gating strategy
for OX62+CD11b+ DCs is shown in (left) flow cytometry dot-plots indicating OX62 vs
CD11b staining of splenic LDF isolated from (upper) young and (lower) aged rats. (b) The bar
graph indicates the percentage of CD4+ and CD4- cells within splenic OX62+CD11b+ DC
population. Results are expressed as mean ± SEM (n = 6). The bar graphs indicate results from
a single experiment. Similar data were obtained in three independent experiments
Panel B. The representative overlaid flow cytometry histograms show the expression of (a)
MHC II, (b) CD86, (c) CD80 and (d) CD40 on gated splenic OX62+DCs. The bar graphs
show the percentage of (a) MHC II+, (b) CD86+, (c) CD80+ and (d) CD40+ cells within
splenic OX62+ DCs from young and aged rats. The data are expressed as mean ± SEM (n =
12); **p<0.01. The figure indicates results from a single experiment. Similar data were obtained
in three independent experiments.
Panel C. (a) The representative flow cytometry overlaid histograms indicate the expression of
TLR4 on OX62+DCs isolated from young and aged rats as described in the section Material
and Methods. The bar graphs show (upper) the percentage of TLR4+ cells within splenic
OX62+ DC population and (lower) TLR4 mean fluorescence intensity (MFI) on TLR4+ splenic
OX62+ DCs from young and aged rats. (b) The bar graph represents fold change in expression
of mRNA for TLR4 in OX62+ DCs isolated from aged rats relative to the corresponding
cells from young rats. HPRT was selected as the housekeeping gene to normalize for input
cDNA variations as it displayed an optimal stability in our experimental system. The data are
expressed as mean ± SEM (n = 12); **p<0.01, ***p<0.001. The figure indicates results from a
single experiment. Similar data were obtained in three independent experiments
Aging affects OX62+ DC surface phenotype

Flow cytometry analysis of the peptide-presenting MHC II and co-stimulatory (CD80,
CD86 and CD40) molecules expression on OX62+ DCs from LDF revealed agerelated changes. The relative proportions of the cells expressing MHC II and CD40
within OX62+ DC diminished (p0.01) with aging (Fig. 1Ba,d). Additionally, MHC
II MFI was lower (p0.01) on the MHC II+OX62+ DC from aged (205.00 ± 21.70)
compared with the same cells from young rats (392.00 ± 25.52). This indicated a lower
average surface density of MHC II on OX62+ DCs from aged animals 25. To the
contrary, the relative proportion of cells expressing CD80 and CD86 within OX62+
DC population increased (p<0.01) with aging (Fig. 1Bb,c).
Aging augments TLR4 expression in OX62+ DCs

We also evaluated the expression of TLR4 in OX62+ DCs. This receptor recognizes
LPS from Gram-negative bacteria, as well as endogenous ligands (e.g. heparansulfate
and heat-shock proteins), which can be released as breakdown products after cell
damage and tissue injury 26. The relative proportion of the cells expressing TLR4
and TLR4 MFI on these cells was increased (p0.001) in OX62+ DC population from
aged rats compared with young rats (Fig. 1Ca). In agreement with this finding, we
found a greater (p0.01) amount of TLR4 mRNA in the fresh splenic OX62+ DCs
from aged relative to young rats (Fig. 1Cb).
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Aging affects expression of messengers for both inflammatory/
immunostimulatory and immunosuppressive cytokines in fresh OX62+ DCs

In the next step, we examined the cytokine messenger profile in fresh OX62+ DCs.
The amount of mRNA for TNF-α (p<0.05), IL-6 (p0.05) and IL-10 (p0.01) was
greater in DCs from aged rats than in those from young ones (Fig. 2Aa,b,d). However,
the amount of mRNA for TGF-β did not significantly differ in suspensions of
OX62+ DCs from aged and young rats, whereas that of IL-1β mRNA was diminished
(p<0.05) in the OX62+ DC suspensions of aged rats than in those from young ones
(Fig. 2Ac,e).

Figure 2. Aging affects cytokine mRNA expression profile and endocytic ability of splenic
OX62+ DCs from DA rats.
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Panel A. The bar graphs represent fold change in expression of mRNA for (a) TNF-α, (b) IL-6,
(c) IL-1β, (d) IL-10 and (e) TGF-β cytokines in splenic OX62+ DCs freshly isolated from aged
rats relative to the expression of corresponding cytokine mRNA in these cells from young rats.
Splenic OX62+ DCs were isolated as described in the section Material and Methods. HPRT
was selected as the housekeeping gene to normalize for input cDNA variations as it displayed
an optimal stability in our experimental system. The data are expressed as mean ± SEM (n
= 12); *p<0.05, **p<0.01. The figure indicates results from a single experiment. Similar data
were obtained in three independent experiments.
Panel B. (a) The representative flow cytometry overlaid histograms show dextran-FITC
endocytosis by OX62+ DCs gated on splenic low density fraction cells from (upper) young
and (lower) aged rats at (grey histograms) +4°C and (white histograms) 37°C. The bar graphs
show (b) the percentage of dextran+ cells within OX62+ DC population and (c) dextran mean
fluorescence intensity (MFI) of OX62+ dextran+ DCs from young and aged rats. The data
are expressed as mean ± SEM (n = 12); **p<0.01. The figure indicates results from a single
experiment. Similar data were obtained in three independent experiments.
Aging diminishes endocytic capacity of fresh OX62+ DCs

Furthermore, the functional capacity of OX62+ DCs was assessed through flow
cytometry analysis of their ability to uptake FITC-labeled dextran by endocytosis. The
analysis showed that aging reduced both the percentage of dextran+ cells in OX62+
DC suspensions and the amount of endocytosed dextran (judging by dextran MFI in
dextran+ cells) (Fig. 2B).
Influence of aging on the surface phenotype of in vitro LPS-stimulated
splenic OX62+ DCs and their cytokine expression
Aging affects LPS-elicited changes in OX62+ DC surface phenotype

Next, we analyzed the putative effects of aging on in vitro maturation of splenic OX62+
DCs in the presence of LPS (LPS+ cultures) and in the absence of LPS (control LPScultures). As previously shown 17,27, OX62+ DCs from rats of both ages when put
in culture medium alone underwent “spontaneous” activation/maturation as shown
by the up-regulation of MHC II and co-stimulatory molecules. Namely, we found a
substantial increase (p<0.001) in the percentage of positive cells and MFI for both
MHC II and CD80 molecules following overnight OX62+ DC incubation in medium
(Fig. 3Aa,c). In addition, the percentage of CD86+ cells was increased (p0.001) in the
LPS- cultures from young rats, whereas that of CD40+ cells was greater in the LPScultures from aged rats comparing with the starting (sorted by magnetic separation)
OX62+ DCs from age-matched rats (Fig. 3Ab,d). It is noteworthy that magnetic
separation did not significantly affect OX62+ DC surface phenotype (Fig. 1B and Fig.
3). LPS did not significantly influence the cell survival in OX62+ DC cultures from
either young (32.55% ± 1.95% in LPS- vs. 29.85 ± 1.65% in LPS+ cultures) or aged
(30.60% ± 1.70% in aged LPS- vs. 32.85 ± 2.15% in aged LPS+ cultures) rats.
Following LPS stimulation, CD4+:CD4- subset ratio in DC cultures from young and
aged rats remained comparable to that in fresh DC suspensions (0.34 ± 0.09 in aged
vs. 0.52 ± 0.13 in young rats). However, LPS exhibited a differential influence on
the expression of MHC II and co-stimulatory molecules on DCs from young and
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aged rats. Comparing with age-matched control cultures, the average MHC II surface
density (judging by MHC II MFI) increased (p0.05) only on DCs in LPS cultures
from young rats (Fig. 3Ba). In addition, LPS increased (p0.001) the percentage of
cells expressing CD80 in DC cultures from young rats compared with the age-matched
control cultures (Fig. 3Bc). On the other hand, in the presence of LPS, in OX62+ DC
cultures from rats of both ages the percentage of CD86+ cells (p0.01 and p0.05
in young and aged rats, respectively) and CD86 surface density (p0.001) increased
relative to age-matched control cultures (Fig. 3Bb).
Comparing phenotypic characteristics of LPS-stimulated DCs from young and aged
rats, in respect to the expression of MHC II and co-stimulatory molecules, we found
that the proportion of CD86+ cells was diminished (p0.05) in the cultures from aged
rats (Fig. 3Bb). In addition, the average surface density of MHC II and CD40 was
lower (p0.001) on cells from LPS-stimulated DC cultures of aged compared with
young rats (Fig. 3Ba,d).
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Figure 3. Influence of aging on the ”spontaneous” and LPS-induced activation/maturation of
splenic OX62+ DCs from DA rats in culture.
The bar graphs represent the surface phenotype of splenic OX62+ DCs from young and aged
DA rats cultured (Panel A) in the absence (”spontaneous” activation/maturation) and (Panel B)
the presence of LPS (LPS-induced activation/maturation).
Panel A. The bar graphs show (left) the percentage of (a) MHC II+, (b) CD86+, (c) CD80+
and (d) CD40+ cells within splenic OX62+ DCs from young and aged rats freshly isolated
(Fresh) and cultured without LPS (LPS- cultures) and (right) the mean fluorescence intensity
(MFI) of (a) MHC II, (b) CD86, (c) CD80 and (d) CD40 on the corresponding positive cells.
The OX62+ DCs were isolated and cultured as described in the section Material and Methods.
The data are expressed as mean ± SEM (n = 12); *p<0.05; **p<0.01; ***p<0.001. The figure
indicates results from a single experiment. Similar data were obtained in three independent
experiments. Two-way ANOVA showed a significant difference in the percentage of MHC
II+ (p<0.01), CD86+ (p<0.001) and CD40+ cells (p<0.01) and MFI for CD40 (p<0.001) on
splenic OX62+ DCs from young and aged rats following overnight culturing with significant
interactions between the effects of aging and culturing.
Panel B. The bar graphs show (left) the percentage of (a) MHC II+, (b) CD86+, (c) CD80+
and (d) CD40+ cells within splenic OX62+ DCs from young and aged rats cultured in the
absence (LPS- cultures) and in the presence of LPS (LPS+ cultures) and (right) the MFI of
(a) MHC II, (b) CD86, (c) CD80 and (d) CD40 on the corresponding positive cells.. The data
are expressed as mean ± SEM (n = 12); *p<0.05; **p<0.01; ***p<0.001. The figure indicates
results from a single experiment. Similar data were obtained in three independent experiments.
Two-way ANOVA showed a significant difference in the percentage of CD80+ cells (p<0.01)
within splenic OX62+ DCs following LPS stimulation with significant interactions between the
effects of aging and LPS.
Aging affects expression of inflammatory/immunostimulatory and
immunosuppressive cytokines by OX62+ DC upon LPS stimulation

Considering that in response to LPS stimulation DCs along with the changes in
the cell surface molecule expression, begin to produce cytokines that impact T-cell
differentiation/polarization, we analyzed the expression of various polarizing cytokines
at both protein and mRNA levels in LPS+ and LPS- (control) OX62+ DC cultures.
Cytokine protein expression

The levels of inflammatory/immunostimulatory (IL-12, IL-6, TNF-α) cytokines and
immunosuppressive (IL-10) cytokine were comparable in control DC cultures from
aged and young rats (Fig. 4Aa,b,c,e). However, the level of IL-23 was higher (p0.01)
in control DC cultures from aged rats than in the corresponding cultures from young
ones (Fig. 4Ad). We failed to detect measurable levels of TGF-β in the supernatants of
either LPS-stimulated or control OX62+ DCs cultures (data not shown).
After LPS stimulation, the levels of IL-6 and IL-10 increased (p0.001) in DC cultures
from aged rats (Fig. 4a,e), whereas those of IL-12, IL-23 and TNF-α were unaffected
(Fig. 4Ab,c,d). On the other hand, in LPS+ DC cultures from young rats only the
level of TNF-α increased (p0.001) when compared with the corresponding control
cultures (Fig. 4Ab).
In addition, the levels of all tested cytokines, except for TNF-α and IL-12, were greater
(p0.001) in LPS+ cultures from aged rats than in LPS+ cultures from young ones
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(Fig. 4Aa,d,e). The level of TNF-α was lower (p0.05) in LPS+ DC cultures from
aged compared with LPS+ cultures from young rats, whereas that of IL-12 did not
significantly differ (Fig. 4Ab,c).

43

Acta Veterinaria-Beograd 2015, 65 (1), 30-55
Figure 4. Influence of aging on the expression of cytokines in LPS-activated/matured OX62+
DCs from DA rats.
The bar graphs represent cytokine expression at (Panel A) protein and (Panel B) mRNA levels
in splenic OX62+ DCs from young and aged rats cultured in the absence (LPS- cultures) and in
the presence of LPS (LPS+ cultures). The OX62+ DCs were isolated and cultured as described
in Material and Methods section.
Panel A. Concentrations of (a) IL-10, (b) TNF-α, (c) IL-12, (d) IL-23 and (e) IL-6 in
supernatants from splenic OX62+ DCs of young and aged rats cultured in the absence (LPScultures) and in the presence of LPS (LPS+ cultures). The data are expressed as mean ±
SEM (n = 12); *p<0.05; **p<0.01, ***p<0.001. The figure indicates results from a single
experiment. Similar data were obtained in three independent experiments. Two-way ANOVA
showed significant differences in the concentration of IL-10 (p0.001), TNF-α (p0.05), IL-23
(p0.001) and IL-6 (p0.01) in OX62+ DC cultures following LPS-stimulation with significant
interactions between the effect of aging and LPS.
Panel B. The bar graphs represent the fold change in the expression of mRNA for (a) IL-10,
(b) TNF-α, (c) IL-12p35, (d) IL-23p19, (e) IL-6 and (f) TGF-β in OX62+ DCs from aged rats
cultured in the absence of LPS (LPS- cultures) and in OX62+ DCs from young and aged rats
cultured in the presence of LPS (LPS+ cultures) relative to the expression of corresponding
cytokine mRNA in OX62+ DCs from young rats cultured in the absence of LPS. HPRT was
selected as the housekeeping gene to normalize for input cDNA variations as it displayed
optimal stability in our experimental system. The data are expressed as mean ± SEM (n = 12);
*p<0.05; **p<0.01, ***p<0.001. The figure indicates results from a single experiment. Similar
data were obtained in three independent experiments. Two-way Kruskal-Wallis test showed a
significant difference for the expression of mRNA for TGF-β (p0.001), IL-6 (p0.01) and
IL-10 (p0.001) in OX62+ DC cultures following LPS-stimulation with significant interactions
between the effect of aging and LPS.
Cytokine mRNA expression

In agreement with the data obtained by quantifying cytokine protein levels, we failed
to detect any significant difference in the expression of mRNAs for IL-12p35, IL-6,
TNF-α and IL-10 in DC from control cultures of young and aged rats (Fig. 4Ba,b,c,e).
In addition, the expression of TGF-β mRNA was comparable in DCs from control
cultures of young and adult rats (Fig. 4Bf). However, the expression of mRNA for
IL-23p19 was greater (p0.001) in DCs from control cultures of aged rats than in
corresponding cultures of young animals (Fig. 4Bd).
The analyses of the influence of LPS on the expression of cytokine messengers
showed a similar pattern of age-related changes to that observed in the expression
of the corresponding cytokine proteins. Namely, LPS augmented the expression of
mRNAs for IL-6 (p0.01) and IL-10 (p0.001) in DCs from aged rats (Fig. 4Ba,e).
In addition, in these cells LPS increased (p0.001) TGF-β mRNA expression (Fig.
4Bf). On the other hand, in DCs from young rats LPS increased (p0.05) only the
expression of TNF-α mRNA (Fig.4Bb).
Comparing the expression of mRNAs for various cytokines in LPS-stimulated DCs
from aged and young rats, we found that the expression of mRNA for all the tested
cytokines, except for IL-12p35 and TNF-α, was greater (p0.001) in DCs from aged
rats (Fig. 4Ba,d,e,f). Expression of IL-12p35 and TNF-α mRNAs did not significantly
differ between LPS-matured DCs from young and aged rats (Fig. 4Bb,c).
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Aging alters OX62+ DC stimulatory and polarizing capacity of
LPS-matured OX62+ DC in allogeneic MLR
Aging diminishes allostimulatory capacity of LPS-matured DCs

Next, we investigated the capacity of OX62+ DCs to promote proliferation of CFSElabeled allogeneic CD4+ T cells. We measured the division index and the percentage of TCRαβ+CD4+ cells with a diminished amount of CFSE in CD4+ T-cell cocultures with control and LPS-stimulated OX62+ DCs. Although allogeneic CD4+
T cells proliferated in the presence of control DCs from rats of both ages, both the
examined parameters of CD4+ T cell proliferation had greater values when LPS-stimulated OX62+ DCs were used as stimulators. Additionally, LPS-stimulated DCs from
aged rats, irrespective of OX62+ DC:CD4+ T-cell ratio, were less potent as CD4+
T-cell proliferation stimulators (judging by both the division index and percentage of
CD4+TCRαβ+ cells with diminished amount of CFSE) than LPS-stimulated DCs
from young rats (Fig. 5A). Also, irrespective of age of OX62+ DC donor, the values
of both the parameters of CD4+ T cell proliferation exhibited cell ratio dependent
alterations, showing the maximum value at the highest (1:5) OX62+ DC:CD4+ Tcell ratio (Fig. 5A).Moreover,analysis of the relative number of cells with diminished
CFSE,which could be a reliable parameter for analyzing the magnitude of T-cell proliferative response in MLR 28 indicated that the proliferative response of CD4+T cells
at the highest ratio in cultures with LPS-stimulated DCs from aged rats corresponded
to that at about 1:20 ratio in cultures with LPS-stimulated DCs from young rats.
Aging diminishes polarizing capacity of LPS-stimulated DCs

Finally,we examined supernatants from co-cultures of allogeneic CD4+ T-cells with
both control (cultivated in the absence of LPS) and LPS-matured OX62+ DCs for the
presence of IL-10, IL-4, IFN-γ and IL-17.The levels of IL-10 and IL-4 levels in the
supernatants of CD4+T-cell co-cultures with control DCs from young rats did not
differ from those in the supernatants of CD4+ T-cell co-cultures with control DCs
from aged rats (Fig. 5Ba,b).In addition,LPS stimulation did not significantly influence
the capacity of DCs to stimulate the production of these cytokines in MLR (Fig.
5Ba,b).
On the other hand, we measured greater levels (p0.05) of IL-17, Th17 signature
cytokine, in the supernatants of CD4+ T-cell co-cultures with control DCs from aged
rats compared with the corresponding co-cultures with control DCs from young rats
(Fig. 5Bc). LPS did not influence the capacity of DCs from either young or aged rats
to induce secretion of IL-17 by CD4+ T cells in MLR, so IL-17 levels remained higher
(p0.05) in CD4+ T-cell co-cultures with LPS-stimulated DCs from aged compared
with those with the corresponding cells from young rats (Fig. 5Bc). Considering that
despite of an increased production of IL-6 and TGF-β, i.e. Th17 polarizing cytokines,
by LPS-stimulated DCs from aged rats, the levels of IL-17 were comparable in CD4+
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T-cell co-cultures with LPS-stimulated and control DCs from aged rats, we looked
for the mechanism/s underlying this phenomenon. Given that: (i) LPS increased
the expression of IL-10, which constrains Th17 cell development in DCs from aged
rats and (ii) IL-10 could constrain Th17 cell development through limiting IL-1β
production by DCs 29, 30, we additionally quantified IL-1β levels in DC cultures. As
expected from previous studies 29, 30, the levels of IL-1β were diminished (p0.05)
in LPS-stimulated cultures from aged rats (28.17 ± 0.48 pg/ml) compared with control
cultures (42.33 ± 5.77 pg/ml) from aged-matched animals. Thus, it seems likely that
the increased levels of IL-10 in CD4+ T-cell co-cultures with LPS-stimulated DCs
from aged rats restricted CD4+ T-cell production of IL-17.

Figure 5. Aging diminishes allostimulatory capacity and Th1 polarizing capacity of LPSactivated/matured splenic OX62+ DCs from DA rats.
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Panel A. Representative flow cytometry profiles generated by the proliferation platform of
the FlowJo software indicate CFSE labeling of (a) unstimulated allogeneic TCRαβ+CD4+
cells and (b) allogeneic TCRαβ+CD4+ cells stimulated in mixed lymphocyte reaction (MLR)
with splenic OX62+ DCs cultured in (upper) the absence of LPS (LPS- cultures) and (lower)
in the presence of LPS (LPS+ cultures) at 1:5 ratio, from (left) young and (right) aged rats.
The OX62+ DCs were isolated and cultured as described in the section Material and Methods.
The line graphs indicate (c) division index and (d) percentage of TCRαβ+CD4+ lymphocytes
with diminished intensity of CFSE fluorescence in allogeneic TCRαβ+CD4+ cell co-cultures
with splenic OX62+ DCs from young and aged rats cultured in the absence (LPS- cultures)
or presence of LPS (LPS+ cultures) at various ratios. Division index was calculated using the
proliferation platform of the FlowJo software. The data are expressed as mean ± SEM (n =
12); AOX62+ DCs from young rats (LPS+) vs OX62+ DCs from aged rats (LPS+); aOX62+
DCs from young rats (LPS+) vs OX62+ DCs from young rats (LPS-); BOX62+ DCs from
aged rats (LPS-) vs OX62+ DCs from young rats (LPS-); bOX62+ DCs from aged rats (LPS+)
vs OX62+ DCs from aged rats (LPS-); *p<0.05; **p<0.01, ***p<0.001.
Panel B. The bar graphs represent changes in (a) IL-10, (b) IL-4, (c) IL-17 and (d) IFN-γ
concentrations in the co-cultures of allogeneic CD4+ T cells and splenic OX62+ DCs from
young and aged rats cultured in the presence of LPS (LPS+ cultures) and in the absence of
LPS (LPS- cultures). The OX62+ DCs were isolated and cultured as described in the section
Material and Methods. The data are expressed as mean ± SEM (n ≥ 6); *p<0.05. The figure
indicates results from a single experiment. Similar data were obtained in three independent
experiments

Figure 6. Aging increases iNOS expression in LPS-activated/matured OX62+ DCs from DA
rats.
The bar graph represents the fold change in the expression of iNOS mRNA in OX62+ DCs
from aged rats cultured in the presence (LPS+ cultures) and in the absence of LPS (LPScultures) relative to its expression in OX62+ DCs from young rats cultured in the presence of
LPS. Note that the expression of iNOS mRNA in DCs from young rats cultured in the absence
of LPS was not detectable (n.d.).The OX62+ DCs were isolated and cultured as described in
Material and Methods section. HPRT was selected as the housekeeping gene to normalize for
input cDNA variations as it displayed optimal stability in our experimental system. The data
are expressed as mean ± SEM (n = 12); **p<0.01. The figure indicates results from a single
experiment. Similar data were obtained in three independent experiments.
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Furthermore, we found that levels of IFN-γ, a Th1 signature cytokine, were comparable
in the supernatants of CD4+ T-cell co-cultures with control DCs from young and aged
rats (Fig. 5Bd). However, differently from LPS-stimulated DCs from aged rats, which
did not significantly influence IFN-γ production by CD4+ T cells, the corresponding
cells from young rats increased (p0.05) the production of this cytokine by CD4+
T cells in MLR (Fig. 5Bd). Since LPS did not influence the expression of IL-12, a
major cytokine driving Th1 polarization, in DCs from young rats, we examined the
capacity of LPS-stimulated DCs from these animals to affect CD4+ cell sensitivity
to this cytokine action. Given that NO increases sensitivity to IL-12 action, through
up-regulation of IL-12 receptor expression 31, the expression of iNOS, the major
NO-generating enzyme was additionally examined. We found measurable levels of
mRNA for iNOS only in control (LPS-) DC cultures from aged rats (Fig. 6). Upon
LPS stimulation the amount of iNOS achieved measurable level in DCs from young
rats, but the amount of this enzyme remained less (p0.01) than in LPS-stimulated
DCs from aged rats (Fig. 6).
DISCUSSION
This study confirmed that in the rat cell subset composition of splenic DCs correlates
with strain-specific sensitivity to induction of autoimmune diseases 18,20. Namely,
differently from splenic OX62+ DCs of young AO rats (relatively resistant to induction
of several Th1/Th17-mediated autoimmune diseases), which displays CD4+ cell
predominance 17, this cell population from age-matched DA rats (highly susceptible
to induction of Th1/Th17-mediated autoimmune diseases) was characterized by a
greater proportion of CD4- cells. Comparing with the corresponding control cells,
LPS-stimulated splenic OX62+ DCs from young DA rats in allogeneic MLR exhibited
a greater capacity to increase production of IFN-γ, a signature Th1 cytokine, by CD4+
T cells. In agreement with this finding, LPS-stimulated OX62+ DCs from young rats,
expressed more TNF-α and iNOS than the corresponding cells cultivated in the absence
of LPS. However, contrary to our expectations, LPS did not significantly influence the
production of IL-12 by OX62+ DCs s from young rats. Given that NO selectively
up-regulates the expression of IL-12 receptor 31, the obvious discrepancy between
IL-12 production capacity of LPS-stimulated OX62+ DCs and their performance in
MLR could be reconciled by the greater amount of iNOS in LPS-stimulated OX62+
DCs from young compared with that in the cells unstimulated by LPS. In other words,
it may be assumed that the greater sensitivity of the responding CD4+ cells to IL-12
signaling contributed to the greater IFN-γ production in CD4+ T-cell co-cultures with
LPS-stimulated OX62+ DCs from young rats compared with their co-cultures with
control (LPS-) DCs from age-matched rats.
Furthermore, aging affected not only the surface phenotype of OX62+ DCs from
aged DA rats by increasing the surface expression of co-stimulatory CD80 and
CD86 molecules, but it reduced their capacity to uptake dextran compared with the
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corresponding cells from young rats. The age-related decrease in endocytic capacity
is also registered in human DCs 32. Although factors/mechanisms underlying agerelated changes in endocytic capacity of aged human DCs have not been fully elucidated,
there are findings indicating that the age-related impairment of DC phosphoinositide
3-kinase (PI3K)/AKT signaling pathway 11, could contribute to this phenomenon.
The defective functioning of this signaling pathway in DCs of elderly is associated
with the up-regulation of proinflammatory cytokine expression in these cells, which is
registered in both old mice and humans 11,32,33. Namely, it has been shown that the
PI3K/AKT-signaling pathway may function as an endogenous negative feedback, or
compensatory mechanism, that serves to limit proinflammatory cytokines expression
in response to injurious stimuli. Furthermore, Guha and Mackman 34 have reported
that the PI3K-AKT pathway imposes a braking mechanism to limit the expression
of proinflammatory mediators in LPS-treated monocytes. Therefore, the augmented
expression of mRNAs for TNF-α and IL-6 in OX62+ DCs from aged rats is consistent
with the impaired endocytic capacity of these cells. Furthermore, if one accepts the
previous assumption, the opposing effect of aging on endocytic capacity of OX62+
DCs from AO rats 17, which exhibit the age-related decrease in the expression of
IL-6, does not come as a surprise.
Upon LPS stimulation, despite of the age-related increase in surface density of
TLR4, the examined DCs from aged DA rats displayed a less mature phenotype
(mirrored in the diminished MHC II and CD86, CD40 molecule expression) than the
corresponding cells from young rats. There are several plausible explanations for these
findings. Firstly, it should be pointed that studies in humans indicated age-associated
deregulation of TLR function (due to changes in both TLR surface expression and
the specific pathways regulating TLR4 signal transduction) resulting in the impairment
in TLR signaling 35. Therefore, despite the increase in the surface TLR4 expression
on OX62+ DCs from aged rats, an impaired TLR4 function 35, and consequently a
weakened activation of these cells upon stimulation, may be assumed. Secondly, given
that IL-10 is shown to limit LPS-mediated DC maturation, acting in an autocrine
manner 36, it may be assumed that the age-related increase in OX62+ DC expression
of IL-10 also contributed to the incomplete maturation of these cells from aged rats.
Thirdly, the level of TNF-α, which up-regulates co-stimulatory molecule expression
on DCs 37,38, was lower in LPS-stimulated OX62+ DC cultures from aged rats than
those from young ones. Given that IL-10 negatively regulates TNF-α synthesis, acting
in an autocrine manner 36, the latter finding is consistent with up-regulation of IL10 expression in LPS-stimulated OX62+ DCs from aged rats.
Furthermore, LPS-stimulated OX62+ DCs from aged DA rats, as those from AO
rats of the chronobiologically same age 17, exhibited the diminished allostimulatory
capacity when compared with the corresponding cells from young rats of the same
strain. Similar findings were obtained in studies which examined the influence of
aging on human and murine DCs allostimulatory capacity 11,13,32,39. Given
that stimulatory capacity of DCs in MLR mainly depends on their MHC II surface
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expression 40, the diminished allostimulatory capacity of LPS-stimulated OX62+
DCs from aged rats could be related to the age-related decrease in MHC II surface
density on these cells. In addition, the age-related decrease in allostimulatory capacity
of rat DCs could reflect augmented iNOS expression in LPS-matured DCs from aged
DA rats relative to that in the corresponding cells from young rats. Namely, there are
data indicating that age-related increase in oxidative stress interferes with the ability of
DCs from aged mice to mount an efficient MHC II-restricted immune response 41.
Finally, differently from LPS-stimulated OX62+ DCs from aged AO rats, which exhibit
a striking age-related increase in capacity to stimulate IFN-γ and IL-17 production in
allogeneic CD4+ T cells 17, LPS-stimulated OX62+ DCs from aged DA rats did
not significantly influence the production of these cytokines in allogeneic CD4+ T
cells when compared with age-matched DCs that were not stimulated by LPS. Namely,
although compared with young LPS-stimulated OX62+ DCs the corresponding cells
from aged rats produced comparable IL-12 levels and contained a larger amount
of iNOS mRNA, these cells were inefficient in stimulating IFN-γ production by
allogeneic CD4+ T cells in MLR. There are several plausible explanations for these
findings. Firstly, since the direct TLR-dependent IL-12 production in DCs does not
necessarily correlate with the CD40-dependent IL-12 production 42, the lack of
measurable response in IFN-γ production could be linked with markedly lower CD40
surface density on LPS-stimulated OX62+ DCs from aged DA rats compared with
the corresponding cells from young rats. Secondly, the lack of IFN-γ stimulatory
capacity of LPS-matured DCs from aged rats may reflect a prominent increase in
their expression of IL-10 and IL-6 compared with age-matched unstimulated OX62+
DCs and LPS-stimulated DCs from young rats. These cytokines negatively influence
IFN-γ synthesis and Th1 polarization 43-46. Furthermore, differential influence of
aging on the capacity of OX62+ DCs from DA and AO rats to induce Th1 response
may be associated with findings indicating that these cells from aged AO rats do not
up-regulate IL-10 synthesis in response to LPS 17. Moreover, the up-regulation of
IL-10 expression after LPS stimulation was detected only in OX62+ DCs from young
AO rats, which were inefficient in inducing Th1 response 17.
It should also be pointed that although LPS-stimulated OX62+ DCs from aged
DA rats failed to increase IL-17 levels in MLR compared with control unstimulated
OX62+ DCs from aged, the levels of these cytokines were higher in CD4+ T-cell
co-cultures with LPS-stimulated OX62+ DCs from aged rats than in CD4+ T-cell
co-cultures with corresponding cells from young rats. This reflected the increase in
IL-17 levels in CD4+T-cell co-cultures with unstimulated OX62+DCs from aged rats.
Given that sustained production of IL-17 in CD4+ T cells requires IL-23 47-49 the
previous finding could be linked with the age-related rise in the expression of IL-23
in DCs cultivated in the absence of LPS. Additionally, the lack of increase in IL-17
level in CD4+ T-cell co-cultures with LPS-stimulated DCs from aged rats compared
with co-cultures with age-matched unstimulated DCs, could reflected the diminished
expression of IL-1β due to the enhanced production of IL-10 in these cells 29,30,50.
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The differences in IL-17 driving capacity of LPS-stimulated OX62+ DCs from aged
DA and AO rats in MLR 17 could also reflect the differential influence of aging on
IL-10 production in DCs from these two genetically distinct strains.
Overall, the hereby presented findings suggest that aging might affect the ability
of DA rats to mount an efficient Th1 immune response, and consequently their
susceptibility to induction of Th1/Th17-mediated diseases. This assumption is
corroborated by our data indicating that the age-related increase in OX62+ DC Th1/
Th17 polarizing capacity augments susceptibility of aged AO rats to experimental
autoimmune encephalomyelitis, broadly used experimental model of multiple sclerosis
17. To further support this option are data indicating strain specificities in age-related
changes in the rat susceptibility to experimental autoimmune encephalomyelitis 5153. Furthermore, the study indicates that it is necessary to consider the genetic
background in designing new strategies to improve the immune system function at
different ages.
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STARENJE SMANJUJE ENDOCITOZNU SPOSOBNOST
DENDRITSKIH ĆELIJA SLEZINE PACOVA DARK AGOUTI
SOJA I MENJA NJIHOV ODGOVOR NA STIMULACIJU TLR4
BUFAN Biljana, STOJIĆ-VUKANIĆ Zorica, DJIKIĆ Jasmina, KOSEC Duško,
PILIPOVIĆ Ivan, NACKA-ALEKSIĆ Mirjana, ARSENOVIĆ-RANIN Nevena,
LEPOSAVIĆ Gordana
Istraživanja su bazirana na podacima: 1) da je zastupljenost različitih subpopulacija
slezinskih dendritskih ćelija (DC) sojno specifična i prediktivna za razvoj autoimunskih bolesti; 2) da starenje menja endocitozni, alostimulatorni i polarizacioni kapac54
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itet slezinskih OX62+ DC Albino Oxford pacova (relativno rezistentni na indukciju
Th1/Th17-posredovanih autoimunskih bolesti) i 3) da postoje sojne specifičnosti
u promenama mišijih DC tokom starenja. Cilj istraživanja je bio da se utvrdi da li
postoje sojne specifičnosti u starenjem uslovljenim promenama DC pacova. Shodno
tome, ispitivan je uticaj starenja na konvencionalne OX62+ DC Dark Agouti (DA)
pacova (podložni razvoju Th1/Th17-posredovanih autoimunskih bolesti). Pokazana
je predominacija CD4- ćelija u populaciji OX62+ DC kod životinja uzrasta 3 meseca
(mlade), što je prediktivno za veću osetljivost na indukciju Th1/Th17-posredovanih
bolesti. U skladu sa tim, lipopolisaharidom (LPS) stimulisane DC mladih pacova su
indukovale Th1 polarizaciju u ko-kulturama sa alogenim CD4+ T ćelijama, najverovatnije, usled povećane ekspresije gena zaTNF-α i iNOS. U poređenju sa OX62+ DC
mladih životinja, ove ćelije pacova uzrasta 26 meseci (stari) su pokazale smanjenu: 1)
sposobnost endocitoze; 2) sposobnost sazrevanja u odgovoru na LPS in vitro (manju
površinsku ekspresiju MHC II, CD86 i CD40), što je bilo u skladu sa njihovom većom
produkcijom IL-10 i 3) alostimulatornu sposobnost i gubitak Th1 polarizacionog kapaciteta u ko-kulturi sa CD4+ ćelijama, najverovatnije usled veće produkcije IL-10 i
nishodne regulacije ekspresije CD40 u odgovoru na LPS. U celini, rezultati sugerišu da
starenje utiče na sposobnost pacova DA soja da razviju efikasan Th1 imunski odgovor
i posledično bolesti posredovane Th1/Th17 tipom imunskog odgovora.
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