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B cells from young and old mice switch isotypes with equal
frequencies after ex vivo stimulation
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Abstract

To determine whether old B cells have the same capacity to switch isotypes as young cells, we
purified splenic follicular, marginal zone, and age-associated B cell subsets from C57BL/6 mice.
Cells were stimulated in culture with interleukin 4 and either lipopolysaccharide or anti-CD40,
and switching to 1gG1 was measured by flow cytometry of surface immunoglobulin. The results
show that switching was robust in follicular and marginal zone B cells from old mice and was
comparable to their young counterparts. However, age-associated B cells from old mice switched
poorly relative to the other subsets. Expression of activation-induced deaminase, which initiates
switching, was quantified by gPCR of mMRNA, and it was equal between young and old follicular
B cells. Thus, in this ex vivo system, the follicular and marginal zone cells from young and old
mice behaved similarly, showing that the molecular machinery to perform switching is intact in
old B cells.
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1. Introduction

Two hallmarks that define antibodies are somatic hypermutation (SHM) and class switch
recombination (CSR). The impact of age on SHM has been widely documented in studies
from mice and humans, and demonstrates that mutated antibodies persist in old animals,
which are likely generated by memory B cells after lifelong contact with environmental and
self-antigens [1, 2]. However, specificity for the immunizing antigen decreases with age [3],
which may be due to changes in the composition of B cell subsets. Three major B cell
populations are found in spleens of mice: follicular (FO), marginal zone (MZ), and age-
associated B cells (ABC) [4, 5]. These populations undergo shifts in numbers with age, such
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that FO cells decline and ABCs increase, whereas MZ cells remain constant. We have
previously shown that the repertoires of rearranged Vi and V.. genes in these subsets from
old mice are diverse and overlap in gene usage [6]. However, although gene usage was
similar, there were significant differences in SHM of V and V,. genes. FO cells had the
lowest frequency (3 X 1073 mutations/nucleotide), which is consistent with their naive
status. MZ cells had a two-fold higher frequency (6 X 1073 mutations/nucleotide),
suggesting that the cells encountered microbial antigens during circulation. ABCs had a
four-fold increase (13 X 1073 mutations/nucleotide), indicating that they had contacted
antigen. The heterogeneous gene usage and high SHM frequency by ABCs predicts that
these polyclonal cells arise primarily in response to diverse endogenous antigens during the
life of an individual.

The impact of age on CSR is more controversial. Studies in spleens from immunized old
mice suggest that total 1gG is not reduced [7], whereas other reports of old splenic B cells
stimulated in culture show that IgG is diminished [8]. Both SHM and CSR are initiated by
the activation-induced deaminase (AID) protein, which deaminates cytosine to uracil, and
the U:G mismatch in DNA is recognized by base excision repair and mismatch repair
pathways [9-11]. These repair pathways produce DNA strand breaks, which are handled
differently during SHM and CSR [12]. In brief, SHM uses low-fidelity DNA polymerases
for mutations, and CSR recruits DNA recombination proteins for isotype switching. To
systematically compare CSR, we measured switching to 1gG1 by FO and MZ B cells from
young and old mice after stimulation with 1L4 and either lipopolysaccharide (LPS) or anti-
CDA40 in culture.

2. B cell populations change with age

Profound changes in the composition of B cell subsets occur with age, which may contribute
to the decline in immune status. To measure the frequency of FO, MZ, and ABC populations
in young (3-5 months) and old (18-24 months) female C57BL/6 mice [4], spleen cells were
stained with antibodies to AA4.1 and CD43 to remove transitional B cells, and with B220 to
select mature B cells. B220™ cells were then stained with antibodies for CD21 and CD23 to
distinguish the three subsets (Fig. 1A). FO cells were CD21!° CD23*, MZ cells were
CD21*CD23", and ABCs were CD21- CD23". An analysis of 18-33 mice for each
population showed a range in the number of B cells, particularly for FO cells (Fig. 1B).
There was a significant decrease in FO B cells from old mice compared to young mice, with
an average of 25 X106 cells from young mice versus 15 X 108 cells from old mice (P =
0.003). MZ B cells were constant with age, with an average of 3 X 108 cells from young and
old mice. ABCs were low in young mice, at 1 X 10° cells, and significantly higher in old
mice, at 5 X 10 cells (P = 0.008), although the range was wide. Thus, old mice have fewer
naive FO B cells than their young counterparts, and more antigen-experienced ABCs. The
Mz B cell population was surprisingly constant, perhaps from chronic stimulation by
endogenous antigens. These numbers are important when considering immune responses in
old mice, which are generally diminished. Quantitatively, there are fewer FO B cells
available to respond to immunization, and more ABCs, which overall are refractory to BCR
stimulation [4] and may not generate a recall response. Therefore, splenic B cells from old
mice may be compromised in their ability to mount a robust immune response.
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3. Old FO and MZ B cells undergo CSR with similar efficiencies as young

cells

The gold standard to determine if the molecular machinery is working for CSR is to
stimulate splenic B cells in culture with either LPS or anti-CD40, which signal through the
TLR4 and CD40 receptors, respectively. These compounds drive most B cells to proliferate,
express AID, and switch isotypes [13, 14]. When IL4 is added, the cells produce 1gG1 on the
surface after 3—4 days in culture. As shown in Fig. 2, young and old FO and MZ B cells
produced comparable amounts of 1gG1 as measured by flow cytometry for surface
immunoglobulin when stimulated with IL4 and either LPS (Fig. 2A) or anti-CD40 (Fig. 2B).
The results show that old FO and MZ B cells can respond to external stimuli as well as their
young counterparts during ex vivo conditions. In marked contrast, the old ABC population
switched poorly relative to FO and MZ cells. We were not able to test young ABCs because
there were too few cells in this subset (Fig. 1B).

4. AID expression is comparable in young and old FO B cells during CSR

We then looked at expression of AID which initiates CSR. As measured by 1gG1 and qPCR
of AID transcripts after 3 days of stimulation, the amount of switching and AID was similar
between young and old FO B cells when stimulated with LPS and IL4 (Fig. 3A and B).
When stimulated with anti-CD40 and 1L4, switching was the same in young and old cells,
but AID levels were somewhat higher in cells from old mice (Fig. 3C and D). Thus, AID
expression and the downstream readout of 1gG1 expression were comparable in both young
and old FO B cells.

5. Discussion

We demonstrate robust switching to IgG1 in FO and MZ B cell subsets from young and old
C57BL/6 mice during ex vivo stimulation with 1L4 and either LPS or anti-CD40. Our results
differ from reports in the literature, notably from Blomberg and colleagues, who describe
reduced CSR and AID after LPS and anti-CD40 stimulation in B cells from old mice
compared to young mice [8, 15-17]. Their studies were performed in BALB/c mice;
however, we also examined young and old FO B cells from BALB/cJ mice, and the
frequency of CSR was unchanged, and it was similar to cells from C57BL/6 mice (data not
shown). Differences in experimental techniques to isolate B cells may explain the discordant
data. Frasca et al [8] isolated total splenic B cells with anti-B220, would include the ABC
population in old mice. As shown in Fig. 2, this subset does not switch effectively, and the
presence of ABC cells may dampen the overall CSR response. In our studies reported here,
splenic FO B cells were isolated using positive selection with anti-CD23, and MZ B cells
were purified with anti-CD21.

6. Conclusion

The results presented here emphasize the need to purify B cell subsets for comparative
studies, since FO, MZ, and ABC subsets have different antigenic histories, as documented
by the varying frequencies of SHM [6, 18]. Old mice have increased ABC cells, which do
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not respond well to LPS or anti-CD40, which could lower overall CSR frequencies.
Furthermore, the established dogma that old animals are compromised in antibody responses
[19-22] can be due a number of factors that affect B cell stimulation, such as decreased
amounts of antigen, cytokines, and CD40 ligand on T cells [23-25]. Nonetheless, it is
apparent that old FO and MZ B cells have the intrinsic capability to undergo vigorous CSR.
These results indicate that the molecular machinery to perform switching, which includes
AID and proteins involved in nonhomologous end-joining, is intact with age.
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Highlights

. Old murine B cells undergo robust class switch recombination with LPS or
anti-CD40

. Follicular B cells from young and old mice switch to IgG1 with equal
frequencies

. Expression of activation-induced deaminase is similar in young and old B
cells

. Molecular machinery for switching is intact in old follicular and marginal
zone cells
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Fig. 1.

Frgequency of FO, MZ, and ABC subsets in young and old C57BL/6 female mice. Flow
cytometry was performed on splenocytes from young (3-5 months) and old (18-24 months)
mice by staining with antibodies against AA4.1, CD43, B220, CD21, and CD23, and gating
on live, mature B220* cells. (A) Representative chromatograms are shown. Numbers
represent percentage of cells in the indicated populations. (B) Number of B cells in each
subset from young and old mice. Each symbol represents a mouse, with the mean number of
each B cell population shown with a bar (n = 18-33 mice for each subset and age). P values
were determined using an unpaired, equal variance Student t test.
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Fig. 2.
CSR to IgG1 in B cell subsets stimulated ex vivo. Cells were isolated as shown in Fig. 1 and

stimulated for 4 days. Cells were then stained with anti-lgG1 for flow cytometry analysis
[26]. (A) Cells stimulated with 5 pg/ml LPS and 5 ng/ml IL4. (B) Cells stimulated with 2.5
pg/ml anti-CD40 and 5 ng/ml 1L4. Each symbol represents a mouse, with the mean number
of switched cells per population indicated with a bar (n = 5-10 mice for each subset and

age).
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IgG1 and AID expression in young and old FO cells after 3 days stimulation. AID
transcripts were measured by gPCR [26] and normalized to GAPDH. (A) and (B),
stimulated with LPS and IL4. (C) and (D), stimulated with anti-CD40 and IL4. Each symbol
represents a mouse, with the mean number of switched cells and AID expression indicated

by a column (n = 5-14 mice for each age). Significance was determined by a two-tailed

Student t test.
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