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Abstract
In this study we examine the effects of aging on antigen presentation of B cells and monocytes.
We compared the antigen presentation function of peripheral blood B cells from young and old
subjects using a system that specifically measures the B cell receptor (BCR)-mediated MHC-II
antigen presentation. Monocytes were studied as well. Overall the mean magnitude of antigen
presentation of soluble antigen and peptide was not different in older and younger subjects for
both B cells and monocytes. Older subjects, however, showed increased heterogeneity of BCR-
mediated antigen presentation by their B cells. The magnitude and variability of peptide
presentation, which does not require uptake and processing, was the same between groups.
Presentation by monocytes had similar variability between the older and younger subjects. These
data suggest that poor B cell antigen processing, which results in diminished presentation in some
older individuals may contribute to poor vaccine responses.
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1. Introduction
The aging population in the U.S. is on the rise. The population over 65 years of age is
projected to increase from 40.2 million in 2010 to 88.5 million 2050 [1]. With the increasing
geriatric population comes an increase in the prevalence of age-related morbidities. In 2007,
influenza and pneumonia represented the 7th leading cause of death in Americans 65 years
and older [2]. Thus, vaccination of geriatric populations, particularly for influenza and
pneumococcus has become a major healthcare initiative. However, undermining even the
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most successful vaccination programs is the inadequate response of many geriatric patients
to vaccines. Estimates of the clinical efficacy of the standard influenza vaccine in persons
over 65 years old vary widely but in all cases they are substantially lower than in younger
populations [3; 4; 5].

Underlying these impaired responses is the concept of immunosenescence, or age-related
changes in the immune system and its effector functions. Immunosenescence is multi-
factorial and may be related to quantitative changes in cell populations including those
important for T cell dependent vaccines [6; 7; 8]. Immunosenescence of T cells has been
studied most extensively, revealing reduced numbers of effector memory CD4 T cells,
increased apoptosis and functional defects in T cells from older individuals [9; 10; 11; 12;
13]. Most of the studies on ex vivo antigen presenting cell (APC) function in older persons
have focused on characterization of costimulatory receptors and HLA-DR expression or
functionally measuring their ability to do mixed lymphocyte reaction (MLR). These studies
have had conflicting results [14; 15]. There are conflicting results in APC function from
dendritic cells derived in vitro from monocytes from older individuals as well [16; 17]. This
current study focuses on ex vivo studies of two APC types (B cells and monoctyes). There
are virtually no data on antigen presentation function by these cell types in older humans to
date.

In humans the paucity of data that focuses specifically on antigen presentation function by
APC is due to a lack of a standardized method to compare antigen presentation across
multiple individuals. We have developed a novel T cell hybridoma system that can study
antigen processing and presentation in appropriately HLA-DR matched individuals. This
allows us to perform quantitative comparisons of antigen presentation function of B cells
and monocytes across the age groups in this study.

2. Materials and Methods
2.1 Study Subjects

Recruitment and participation of older and younger subjects was approved by University
Hospitals Case Medical Center and the Cleveland VA Institutional Review Boards.
Informed consent was obtained from all subjects for peripheral blood sampling. Subjects
were screened for HLA-DRB1 *01.01 with low and then confirmatory high resolution PCR
analysis (Biosynthesis, Lewisville, TX). 14 older and 10 young healthy controls screened
positive for HLA-DRB1 *01.01 and were available and enrolled in the study. Subjects with
inflammatory conditions, using immunomodulatory drugs such as steroids, or with recent
acute illness or hospitalization were excluded. 13 older subjects underwent frailty testing
using the Fried frailty method [18].

2.2. Cell lines and antigens
HLA-DRB1 *01.01-restricted goat antibody specific (line 1C) and M. tuberculosis antigen
85b specific (line F9A6) T cell hybridiomas were generated and characterized using an
IACUC approved protocol as previously described [19; 20]. Line 1C is specific for goat Fab
and line F9A6 is specific for M. tuberculosis (MTB) antigen 85b aa 97-112.

Goat anti-human IgM was purchased from Lampire (Pipersville, PA). MTB antigen 85b was
grown in E. coli and purified on nickel-columns using a plasmid given to us by Douglas
Kernodle [21]. 85b peptide (aa 97–112) was purchased from Biosynthesis.
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2.3 Isolation of B cells and monocytes
All blood was collected in heparin containing green top tubes (BEBiosciences). Peripheral
blood mononuclear cells (PBMC) were isolated by Ficoll Paque Plus (Amersham
Biosciences) density gradient centrifugation according to the manufacture's instructions.

Monocytes were purified by positive selection with CD14 MicroBeads (Miltenyi) and B-
cells were purified from the remaining cells using the EasySep Human B-cell Enrichment kit
(StemCell). Purity was determined by flow cytometry as described below. Purified CD19+
B cells had <2% CD14+ contamination, and purified CD14+ monocytes had <2% CD19+
contamination.

2.4 Antigen Processing and Presentation Assay
Purified B cells (25,000/well) or purified monocytes (50,000/well) were plated in 96-well
round-bottom plates in DMEM based medium with 10% FCS. T cell hybridoma (100,000/
well) were added to each well with the appropriate soluble antigen or peptide and incubated
at 37°C. After 22 h, supernatants were harvested and IL-2 levels measured by ELISA
(eBioscience). Aliquots of a single batch of each T cell hybridoma line were frozen so that
APC could be tested with an identical T cell line readout over the course of the experiments.
Single batches of antigen and IL-2 ELISA standard were so that the B cells and monocytes
were the only variables in the assay.

2.5 Flow Cytometry
B-cells and monocytes were stained with live-dead violet stain (Invitrogen), anti-CD14 (BD
Biosciences), and anti-CD19, HLA-DR, IgM, LFA3 and ICAM1 (Biolegend) for 10 min at
RT. Cells were then washed and fixed in 2% paraformaldehyde till analysis on a LSRI-II
(BDBiosciences) flow cytometer. Cells were gated on CD14+ monocytes or CD19+ B cells
and Mean Fluorescent Intensity (MFI) of the surface markers was analyzed using FlowJo
software (Tree Star, Ashland, OR).

2.6 Statistical Analysis
Statistics were analyzed using SPSS software (IBM). Comparisons between mean
differences in groups for antigen presentation assays and surface expression of HLA-DR,
IgM, CD54, and CD58 were performed using independent samples t-tests after
determination that the data were normally distributed. Differences in variability were
determined by Levene's test of equality of error variances using two-tailed assumptions.

3. Results
3.1. Subjects

We obtained samples from 14 older individuals, aged 62-92. Table 1 summarizes the
pertinent clinical data. The population is overall an older and more frail population with
average age of 80 years. Frailty is a syndrome that has been associated with high risk of
falls, disability, hospitalization and mortality [18]. Of the 13 older subjects tested, all of
them were either pre-frail or frail as determine by the Fried frailty testing method. None of
the subjects had diagnosis of any systemic inflammatory condition or were on
immunomodulatory drugs such as steroids. Subject VH98 has early stage prostate
adenocarcinoma diagnosed by needle biopsy that was confined to the prostate. He did not
receive chemotherapy and was therefore left in the dataset. The 10 control subjects were
healthy individuals from the VA and university employee community, aged 22-45.
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3.2. Antigen presentation by B cells
The purpose of the study was to determine if there is a difference in antigen processing and
presentation by B cells and monocytes from older individuals versus younger individuals.
HLA-DR1-restricted T cell hybridomas were used to quantify antigen processing and
presentation by the B cells. As it typical of T cell hybridomas, these lines were selected
based on their ability quantatively secrete IL-2 in proportion to the amount of peptide-MHC-
II on the surface of the APC. These hybridoma lines respond to human APC independent of
CD80 and CD86 co-stimulation as previously described [19; 22]. As a result, they are more
specific tools to measure differences in antigen presentation alone and not co-stimulatory
function.

The T cell hybridoma system used to quantify B cell antigen presentation measures BCR-
mediated MHC-II antigen presentation. This is important because antigen presentation after
BCR-mediated endocytosis is much more efficient than after non-specific uptake of antigen
[23; 24]. Presentation of the antigen specific to a B cells' BCR is necessary for the B cell to
receive help from CD4+ T cells. The mean magnitude of BCR-mediated antigen
presentation was the same in older and younger subjects (Fig. 1A-C). There was a trend or
statistically significant increase in heterogeneity of BCR-mediated antigen presentation in
older persons as determined by Levene's Test for Equality of Variances at the three
concentrations of antigen tested (0.2 ng/ml at p= 0.15, 2 ng/ml at p=0.04, and 7 ng/ml at
p=0.08, Fig. 1C). 4 of 11 older subjects demonstrated inferior processing and presentation at
all concentrations of anti-BCR antigen (Fig. 1B red dotted lines) compared to the results
from all younger subjects studied (Fig. 1A). We compared whole antigen (anti-BCR
antigen) that requires uptake and processing with peptide that can be directly presented on
the cell surface. Presentation of peptide on B cells was measured with the MTB antigen 85b-
specific hyrbidoma since the exact peptide epitope of the anti-BCR antigen-specific
hybridoma is not known. The magnitude and variability of peptide presentation was the
same between groups (Fig 1d-F). The 4 older subjects whose anti-BCR antigen was poorly
presented are marked in red dotted lines to demonstrate that presentation of peptide in these
individuals was not different than the younger population (Fig. 1 D and E).

3.3. Antigen Presentation by Monocytes
Monocytes were purified from donor PBMC by positive selection. Antigen processing and
presentation was assessed using whole MTB antigen 85b, which requires uptake and
processing to be presented. Presentation of peptide was determined as well. Figure 2A-F
demonstrates there was no difference in the magnitude of soluble whole 85B antigen or
peptide by monocytes from young and old subjects. Fig 2C demonstrates that there also was
no difference in the variability of presentation of the soluble antigen as well. The 4 subjects
that had the poorest B cell antigen processing and presentation were indicated with dotted
lines in Fig. 2 B and E. These data show that their monocytes were not consistently inferior
in their ability to process and present antigen.

3.4. Surface Expression of MHC II and BCR
BCR is surface immunoglobulin. In our antigen presentation system surface IgM is the BCR
molecule that must take up the antigen in B cells. HLA-DR is the molecule that presets
peptide on both B cells and monocytes. Surface expression of HLA-DR (MHC-II) and IgM
were assessed using flow cytometry. Live-Dead Violet was used to gate out non-viable cells.
CD19 and CD14 were used to gate on of B-cells and Monocytes, respectively. The HLA-DR
and IgM expression by flow cytometry was not statistically different between the older and
younger groups for either B cells or monocytes. The MFI for HLA-DR on younger B cells
was 30,800 (SD 9,730) and older B cells 25,400 (SD 6,920). The MFI for HLA-DR on
younger MN was 26,900 (SD 11,100) and older MN 28,400 (SD 6,250). The MFI for IgM
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on younger B cells was 7,370 (SD 3,400) and on older B cells 25,000 (SD 33,100). The IgM
level on older B cell were strongly affected by 2 older donors with MFI's of 88,300 and
94,200. The IgM levels were still statistically not different (p>0.13) with or without these
two influential subjects. Interestingly both of these donors are in the group of 4 older
subjects whose BCR mediated antigen presentation was below the antigen presentation of
every control (Fig 1. dotted lines). Levels of adhesion molecules CD54 and CD58, which are
involved in forming the immunological synapse between T cells and APC, were also
assessed and had no significant difference between young and old subjects, for either B cells
or monocytes (data not shown).

4. Discussion
There is very little data in the literature that focuses specifically on antigen processing and
presentation function in human APC from older individuals. This is due primarily to
difficulties in the experimental system to compare antigen processing and presentation
function between groups of persons. Measurement of antigen presentation is routinely
performed by a bioassay where the T cell responses reflect that magnitude of antigen
presentation by the APC. The difficulty with this T cell bioassay system is having a T cell
system that can work across multiple subjects with the caveat that T cells have an HLA-
restriction for their recognition of APC. Our T cell hybridoma system allows the use of a
highly characterized HLA-restricted T cell clones to study all of the HLA-DR1.01+ subjects
and compare them. All of the T cells come from a common batch of T cells that was
cryopreserved and is thawed and used immediately for each assay. This allows comparison
between subjects with only the APC as the variable and not the antigen presentation
“readout”. An additional advantageous feature of the system and data of the current study is
that the T cell lines are co-stimulation (CD80/CD86) independent. This allows the T cell
tool to reflect a more antigen presentation specific result due to lack of dependence on co-
stimulatory molecules. A number of prior studies on human APC function had studied MLR
activity [14; 15]. MLR is not an antigen processing and presentation assay but rather it is
primarily an assay that depends on the co-stimulatory ability of the APC. The antigen
processing and presentation specificity of these data in the current study is a novel
contribution the field.

The B cell populations were evaluated using a system that measure BCR-mediated antigen
presentation since this is extremely efficient and is the relevant mechanism in vivo.
Presentation of peptide was also determined as it does not require processing and serves as a
comparator of the capability of presentation vs. the entire process of antigen uptake and
processing that results in presentation. In the BCR-mediated assays, the mean antigen
presentation by B cells from the older group on average was maintained but did show
increased heterogeneity in antigen presentation ability. Namely, a subset of 4 older subjects
showed inferior antigen presentation compared to younger subjects at each concentration of
antigen tested. This suggests that B cells from some older individuals may have a defect in
antigen processing capability that could result in immune deficits.

B cells from older subjects show preserved ability to present peptide on MHC II molecules.
Since presentation of peptide was preserved, even in the 4 subjects with poor BCR-mediated
presentation, the reduced BCR-mediated antigen presentation in these 4 individuals may
concern antigen uptake and/or intracellular processing. Possible mechanisms of poor antigen
presentation were examined by measuring surface levels of HLA-DR, IgM (BCR), CD54
and CD58. There was no significant difference in expression levels among young and old
subjects. These findings point to an internal process as the cause of the poor antigen
presentation capability in some of the older subjects and not a lack of the uptake receptor
(IgM) or the presentation molecule (HLA-DR). MHC II antigen processing is complex and
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defects could occur in degradation of antigen into peptides, loading of peptides onto MHC II
molecules, or trafficking of molecules within the APC. Further mechanistic studies are
beyond the scope of this study primarily due to limitations in sample for the older subjects.

We performed similar experiments with monocytes from old and young subjects and found
no significant difference in the ability of monocytes to process or present antigen or peptide.
Likewise, we observed no difference in surface expression of HLA-DR, CD54 or CD58.
Also there was not increased heterogeneity of presentation in monocytes that was seen in the
B cells. This suggests there may be B cell specific processes that are defective in some older
donors that are not present in monocytes.

In the age range of most of the subjects in this study, T cell immunosenescence has been
well described and is significant in magnitude [9; 10; 11; 12]. Our study sample overall was
older, with a mean age of 80 and relatively frail, with no robust subjects as determined by
the Fried method. 5 of 14 subjects were found to be frail. The 4 subjects with the worst B
cell antigen presentation were all pre-frail and age 62, 65, 81, and 88 years old. So they were
not among frail or oldest subjects. These data then show that generally B cell and monocyte
presentation among even very old and frail person is preserved. This was an unexpected
finding and underscores the described importance of T cell immunosenescence for the
observed defects of older persons to respond to vaccination. However, other non-antigen
processing and presentation functions of APC such as ability to become activated,
costimulation, or cytokine/chemokine production may play a role as well in
immunosenescence observed in older individuals.

Immunosenescence and poor vaccine response in older populations are likely multifactorial
and our data suggest some explanation for the heterogeneity observed among older adults. B
cell function underlies the ability to mount an effective and lasting immune response to
infection or vaccination. The variability in antigen presentation capability by B cells of older
subjects in this study may point to why some elderly patients respond poorly to common
vaccines, such as the influenza and hepatitis B vaccines [4; 25]. Further investigation is
required to elucidate the cause and potential significance of this poor processing ability in a
subset of older individuals
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Highlights

• Antigen presentation by B cells preserved with aging

• Increased heterogeneity of antigen presentation in B cells from older persons

• Antigen presentation by monocytes preserved with aging

• Surface HLA-DR and IgM preserved with aging
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Fig.1. Antigen presentation by B cells in younger and older individuals
B cells (2.5×104/well) were incubated with the T cell hybridoma (1×105/well) and the
appropriate antigen overnight. Antigen for A-C was anti-BCR antigen and D-F was peptide.
Supernatants were harvested, and IL-2 was determined by ELISA. Each line represents an
individual subject. The dotted lines in panels B and E indicate the 4 lowest responders to
anti-BCR antigen. Panel C summarizes presentation of anti-BCR antigen from panels A and
B and panel F summarizes presentation of peptide from panels D and E. Error bars depict
SD of these groups.
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Fig.2. Antigen presentation by monocytes in younger and older individuals
Monocytes (5×104/well) were incubated with the T cell hybridoma (1×105/well) and the
appropriate antigen overnight. Antigen for A-C was soluble antigen 85b antigen and D-F
was peptide. Supernatants were harvested, and IL-2 was determined by ELISA. Each line
represents an individual subject. The dotted lines in panels B and E indicate the 4 lowest
responders to anti-BCR antigen in Fig 1B. Panel C summarizes presentation of 85b antigen
from panels A and B and panel F summarizes presentation of peptide from panels D and E.
Error bars depict SD of these groups.
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