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Summary

 

During ageing, autoimmune disorders and the higher susceptibility to infec-
tious have been associated with alterations in the humoral immune response.
We report that splenic B lymphocytes from aged mice exhibit lower level of
apoptosis induced by B-cell antigen receptor (BCR) ligation 

 

in vitro

 

. Respect
to B cells from young mice the anti-μμμμ

 

 stimulated aged B cells show similar Bcl-
2 and Bcl-xL expression but differential kinetic of A1 degradation and a higher
level of cFLIP and FAIM. Even though B cells from aged mice show minor Fas
expression they exhibit the same susceptibility to anti-Fas induced apoptosis.
Aged B cells also present upon BCR stimulation, a higher proliferative
response and similar level of activation markers expression than B cells from
young mice. These data agree with the observation that aged mice exhibit an
increment of T2 and mature B cell subset which rapidly enters cell cycle upon
BCR engagement. The diminished apoptosis after activation in aged mice
could compromise homeostatic mechanism allowing the persistence of self
and non-self antigen specific B cells.
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Introduction

 

Ageing impacts the homeostatic function of many systems in
the body, including the immune system. Thus, elderly indi-
viduals experience a higher incidence of several diseases such
as autoimmune disorders and infections than younger indi-
viduals [1–3]. In this sense, deficiencies in the humoral and
cell-mediated immune response have been reported during
ageing [4,5]. Specifically, B cell function declines with age
and this age-related changes in the B cell compartment has
been associated with alteration in T cell-help and also with
intrinsic B cell defects [2]. Humoral response disturbances
include the production of a greater proportion of low-
affinity antibodies [6,7], different VH gene usage [8] and
incidence of autoreactive antibodies [9,10].

During the immune system evolution several mechanisms
are evolved to ensure that B cells bearing potentially harmful
antiself specificities are controlled from the system prevent-
ing the development of autoimmune diseases [11]. These
mechanisms include: the functional silencing of the lympho-
cytes in a process termed anergy [12,13], the re-induction of
gene rearrangement at the Ig heavy and light chain loci to
generate edited receptors with non self reactivity [14,15] and

finally the deletion of autoreactive B cells at specific points
during development [16]. Although the precise mechanisms
ensuring the negative selection remain undefined, it is clear
that the induction of apoptosis, considered as a physiological
cell death, is essential for the deletion of autoreactive cells in
bone marrow as well as in periphery. Moreover, apoptosis is
also the mechanisms involved in the control of the lympho-
cyte expansion playing a fundamental role in the homeosta-
sis of the immune system [17].

Related to ageing, it has been reported that pre-B cells
from 18-month-old mice presented, freshly isolated or after
cultured, a higher degree of apoptosis than those 2-month-
old mice [18]. The increased susceptibility to apoptosis of
the pre-B cell from the old mice was associated with a
decreased level of Bcl-xL mRNA. Furthermore, a study inves-
tigating whether the B cell survival was affected by ageing
reported that LPS and IL-4 protect normal splenic B cells
from apoptosis in an age-independent way [19]. In contrast,
protection induced by dextran sulphate and IL-5 was shown
to be very low in old normal mice [19].

The apoptosis can be triggered by two distinct but conver-
gent signalling pathways that activate several cysteine aspar-
tate proteases, called caspases, which finally lead to DNA

mailto:cpistore@bioclin.fcq.unc.edu.ar


 

B cells from aged mice exhibit reduced apoptosis

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

143:

 

 30–40

 

31

 

fragmentation and cell death [20,21]. One of the apoptotic
pathway (extrinsic) is triggered in the cell surface by the liga-
tion of certain receptors belongings to the TNF receptor
family, such as CD95 (Fas/APO) or TNF-R 1 and it is regu-
lated by c-Flip and FAIM (Fas apoptosis inhibitory mole-
cule) among other proteins. The other pathway (intrinsic) is
originated by mitochondria disruption and is regulated by
the interplay of pro- and anti-apoptotic members of Bcl-2
family [20].

In the case of B cells, the B cell antigen receptor (BCR)-
ligation can trigger apoptosis. However, signalling through
the BCR has different consequences on B cell fate depending
on B cell developmental stage and factors such as strength
and duration of the signal [22]. 

 

In vitro

 

 studies using B cells
in different development stage have established that upon
BCR stimulation, immature B cells die whereas mature B
cells proliferate. BCR-mediated apoptosis has been clearly
demonstrated in bone marrow-derived B lymphocyte after
18 h of soluble anti-Ig stimulation [23]. Watanabe 

 

et al

 

. [24]
have reported that when BCR are extensively ligated, using
immobilized anti-Ig antibody, most mature B cells undergo
apoptosis within 48 h, whereas only small fraction of mature
B cells undergo apoptosis at this time by milder BCR ligation
using soluble anti-Ig antibody.

Regarding to stimulation via BCR, in aged individuals the
chronic antigenic exposure could drive to a preferential
expansion of B lymphocytes. However, it has been proposed
that the aged related qualitative and quantitative changes in
antibody production might result from a failure of autore-
active cells to undergo cell death. In this work, we study the
behaviour of the splenic B cells from Balb/c aged mice
stimulated via BCR with F(ab)

 

2

 

 anti-

 

μ

 

 antibody, simulating
antigen mediated activation. The results show that BCR
stimulated B cells from aged animals present lower levels of
apoptosis and higher proliferative response than B cell from
young mice.

With respect to apoptosis, the anti-apoptotic molecules
Bcl-2 and Bcl-xL, are expressed in the same magnitude in B
cells from both studied groups. However, F(ab)

 

2

 

 anti-

 

μ

 

 stim-
ulated B cells from aged show a differential kinetic of A1 deg-
radation. In addition B cells from aged mice exhibit an
increase level of c-Flip and FAIM and minor expression of
Fas on their surface. This lower expression of Fas can not be
explained by an inability of aged B cells to up-regulate acti-
vation markers since they are similarly expressed on B cells
from young and aged mice.

 

Materials and methods

 

Animals

 

The experiments were performed using 3-month-old
(young) and 18-month-old (aged) female BALB/c mice.
Mice were obtained from the Comisión Nacional de Energía
Atómica (CNEA), Argentina.

 

Cell preparations and culture

 

Splenocytes from young and aged mice were obtained by
homogenization in a tissue grinder. Erythrocytes were lysed
in red blood cell lysis buffer (Sigma-Aldrich, Saint Louis,
MO, USA). For B cells purification, monocytes and T cells
were depleted by magnetic cell sorting using rat IgG anti-
mouse CD11b (Mac-1) Abs, followed by anti-rat IgG-coated
magnetic bead and anti-Thy 1·2-coated magnetic beads
(Dynal Biotech, Compiégne, France) as indicated in manu-
facturer’s instructions. This procedure yielded an enriched B
cell population containing 

 

>

 

95% of CD19

 

+

 

 cells, 

 

<

 

 2% CD3

 

+

 

and 

 

<

 

 3% Mac-1

 

+

 

 as determined by flow cytometry (FCM)
analysis (data not shown). The cell viability was 

 

>

 

 95% as
determined by Trypan Blue exclusion. After that, B cells were
adjusted to a final concentration of 2 

 

×

 

 10

 

6

 

 cells/ml in com-
plete RPMI medium (containing 10% FBS, 5 

 

μ

 

M 2-mercap-
toethanol and 40 

 

μ

 

g/ml gentamicin) and cultured with
medium alone or F(ab)

 

2

 

 anti-

 

μ

 

 (10 

 

μ

 

g/ml, Jackson
ImmunoResearch Laboratoratories, PA, USA) for the times
indicated.

 

Cultures and proliferation assay

 

All 

 

in vitro

 

 cultures were carried out in RPMI complete
medium. Purified B cells (2 

 

×

 

 10

 

6

 

/ml) from young or aged
mice were cultured in triplicate in 96-well microculture
plates at 37 

 

°

 

C in 5% CO

 

2

 

 with F(ab)

 

2

 

 anti-

 

μ

 

 (10 

 

μ

 

g/ml) or
medium alone during different periods of time. Cells were
harvested and proliferation was measured by incorporation
of 1 

 

μ

 

Ci[

 

3

 

H]-thymidine (TdR)/well during the last 18 h of
culture. Results are expressed as incorporation of radioactiv-
ity (cpm 

 

±

 

 SD).

 

Flow cytometry analysis and apoptosis assay

 

Spleen mononuclear cells or B cells from young or aged mice
freshly explanted or cultured with F(ab)

 

2

 

 anti-

 

μ

 

 (10 

 

μ

 

g/ml)
or medium alone by different period of time were harvested,
washed twice in ice-cold FCM buffer (HBSS, 1% FBS, 0·1%
NaN

 

3

 

) and preincubated with anti-mouse CD32/CD16
monoclonal antibody (mAb) (Fc block, clone 2·4G2) at 4 

 

°

 

C
for 30 min. Then, for surface staining, cells were incubated
with the corresponding PE, FITC or biotin-conjugated anti-
bodies (Ab) at 4 

 

°

 

C for 30 min and washed with FCM buffer.
When biotin-labelled Abs were used, a third step involving
an extra 30 min-incubation was performed with Cychrome-
labelled Streptavidin (St-Cy). Data were acquired on a
Cytoron Absolute® cytometer (Ortho Diagnostic System,
Raritan, NJ, USA) and analysed using WinMDI 2·8 software
(Joseph Trotter, Scripps Institute, CA, USA). FITC-labelled
anti-mouse CD19 mAbs, PE-labelled anti-mouse CD19, Fas,
CD23, mAbs and biotin-labelled anti-mouse CD24 mAbs as
well as St-Cy were purchased from BD PharMingen (Palo
Alto, CA, USA). In all cases, cell debris was eliminated
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through gating live cells from Forward Scatter 

 

versus

 

 Side
Scatter dot plots.

For apoptotic cell detection propidium iodide (PI) stain-
ing was performed to analyse subdiploid DNA content as
described previously by Nicoletti 

 

et al

 

. [25]. Briefly, B cells
from young or aged mice were cultured with medium alone
or F(ab)

 

2

 

 anti-

 

μ

 

 during different period of time. After that,
1 

 

×

 

 10

 

6

 

 cells were harvested, washed twice times with HBSS
and fixed overnight in 1 ml 70% ethanol at 4 

 

°

 

C. Cell pellets
were gently resuspended in 1 ml hypotonic fluorochrome
solution (50 

 

μ

 

g/ml PI diluted in sodium citrate 4 mM plus
0·3% NP-40) and kept at 4 

 

°

 

C for 18 h in the dark. After that,
the cells were washed twice with FCM buffer and acquired as
indicated before.

 

Detection of early apoptosis by staining with Annexin-V

 

To detect early phases of apoptosis, access to phosphatidyl
serine was measure using FITC-labelled Annexin-V staining
performed according to manufacturer’s instructions (BD
Pharmingen). Briefly, purified B cells from young or aged
mice were cultured with medium alone or F(ab)

 

2

 

 anti-

 

μ

 

 dur-
ing different period of time. The cells were harvested and
1 

 

×

 

 10

 

5

 

 resuspended in 100 

 

μ

 

l of 1 

 

×

 

 Annexin V-binding
buffer (10 mM HEPES/NaOH, pH 7·4, 140 mM NaCl,
2·5 mM CaCl

 

2

 

) plus 5 

 

μ

 

l Annexin V-FITC and 10 

 

μ

 

l of pro-
pidium iodide (50 

 

μ

 

g/ml) for 15 min at room temperature in
the dark. Then, 400 

 

μ

 

l of 1 

 

× 

 

Annexin V-binding buffer was
added to each tube and analysed by flow cytometry.

 

SDS-PAGE and western blot

 

SDS-PAGE was performed in a Miniprotean II electrophore-
sis apparatus (Bio-Rad). Briefly, 50 

 

μ

 

g of cellular lysates were
diluted in sample buffer and resolved on a 15% separating
polyacrylamide slab gel for Bcl-xL, Bcl-2 (BD Bioscience,
CA, USA), c-Flip (Santa Cruz Biotechnology Inc., CA, USA),
cIAP2 and P38 MAPK (Santa Cruz Biotechnology Inc.)
detection. After electrophoresis, the separated proteins were
transferred onto nitrocellulose membranes and probed with
corresponding primary Ab. Blots were then incubated with
peroxidase-conjugated secondary Ab and developed by using
the ECL system. Prestained protein molecular weight mark-
ers (Sigma-Aldrich) were run in parallel. Protein concentra-
tion was estimated by the method of Bradford, using Bio-
Rad Protein Assay (Bio-Rad, CA, USA). Bovine serum albu-
min was used as protein standard.

 

Fas-mediated apoptosis assay

 

Purified B cells from young and aged mice were cultured
with F(ab)2 anti-

 

μ

 

 (10 

 

μ

 

g/ml) during 40 h. Then, the cells
were washed and incubated with hamster IgG or hamster
anti-Fas antibody (Jo2) (0·125 

 

μ

 

g/ml, BD Bioscience) during
12 h. Then, B cells were fixed and stained with PI and the

cells were subjected to hyplodiploid DNA content analysis by
FCM as we have described above.

 

RNA isolation and RT-PCR

 

Total RNA was extracted from B cells using TRIzol

 

TM

 

reagents (Life Technologies) according to the manufacturer’s
recommendation and resuspended in 20 

 

μ

 

l of DEPC-treated
water. The synthesis of first strand cDNA suitable for PCR
amplification was performed using First Strand cDNA Syn-
thesis Kit (MBI Fermentas, Lithuania). Briefly, a reaction
mixture containing 4 

 

μ

 

g of total RNA (template), 0.5 

 

μ

 

g of
oligo(dT)18 primer, and nuclease-free deionized water up to
11 

 

μ

 

l was prepared on ice. The mixture was incubated at
70 

 

°

 

C for 5 min and chilled on ice. Then, the following com-
ponents were added: 4 

 

μ

 

l of 5

 

×

 

 reaction buffer, 20 U ribo-
nuclease inhibitor, 2 

 

μ

 

l 10 mM dNTP mix. This mixture was
incubated at 37 

 

°

 

C for 5 min. Then, 40 U of M-MuLV reverse
transcriptase were added and the mixture was incubated at
37 

 

°

 

C for 1 h. Finally, the reaction was stopped by heating at
70 

 

°

 

C for 10 min. The relative quantity of cDNA of each
sample was first normalized after semiquantitative PCR for

 

β

 

-actin. PCR reaction mixture (25 

 

μ

 

l) contained: 12·5 

 

μ

 

l of
2

 

×

 

 PCR Master Mix (Taq DNA Polimerase in reaction buffer
0,05 U/

 

μ

 

l, MgCl

 

2

 

 4 mM, dNTPs 0·4 mM each) (MBI Fer-
mentas, Lithuania), 0.2 

 

μ

 

M forward and reverse primers,
RNA template and deionized water up to 25 

 

μ

 

l. PCRs were
performed on a PE 9600 (Perkin Elmer). PCR reactions were
conducted as follows: for A1, denaturation step 95 

 

°

 

C for
4 min and 35 cycles of 94 

 

°

 

C for 60 s, 55 

 

°

 

C for 60 s, 72 

 

°

 

C for
60 s. For FAIM: denaturation step 94 

 

°

 

C for 2 min and 35
cycles of 94 

 

°

 

C for 60 s, 55 

 

°

 

C for 60 s, 72 

 

°

 

C for 60 s. For 

 

β

 

-
actin: denaturation step of 94 

 

°

 

C for 2 min, followed by 22
cycles of 94 

 

°

 

C for 30 s, 62 

 

°

 

C for 30 s, 72 

 

°

 

C for 30 s.
The primers sequences were as follows A1: 5

 

′

 

-AAT TCC
AAC AGC CTC CAG ATA TG-3

 

′

 

 and 5

 

′

 

-GAA ACA AAA TAT
CTG CAA CTC TGG-3

 

′

 

; FAIM: CTG GAT GCC GAG GAC
CTG  AG-5

 

′

 

and  GGT  GTC  ACT  GAG  TGA  GCT  CTG-3′;
β-actin: 5′-CCA GGT CAT CAC TAT TGG CAA CGA-3′ and
5′-GAG CAG TAA TCT CCT TCT GCA TCC-3′.

Statistical analysis

The statistical significance was analysed using unpaired Stu-
dent’s t-test or when is indicated with one sample t-tests. Val-
ues were considered statistically significant when P ≤ 0·05.
All experiments were repeated at least three times with
similar results.

Results

Splenic B cells from aged animals are more resistant to 
BCR-mediated apoptosis

To assess whether BCR induced-apoptosis was affected by
ageing, B lymphocytes from young or old mice were cultured
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with or without a F(ab)2 anti-μ Ab for different periods of
time and the percentage of apoptotic B cells was determined
by PI staining. As we can observe in Fig. 1a, there is no dif-
ferences in the percentage of apoptosis between B cells from
young and old mice neither when freshly explanted (0 h) nor
after 6 h of culture with F(ab)2 anti-μ (8% versus 7%) or
media alone (6% versus 8%). However, after 24 h post F(ab)2

anti-μ stimulus, the percentage of apoptotic B cells from
aged mice was smaller than that observed with B cells from
young mice culture under the same condition (43% versus
58%)  (P < 0·04).  This  difference  was  determined  to  be
more accentuated after 48 h of culture (65% versus 82%)
(P < 0·035). In addition, we also noticed that the spontane-
ous apoptosis of B cells cultured with medium alone was
similar for both groups during the 3 time points studied.

These results were confirmed using Annexin-V and PI
staining, detecting early phase of apoptosis. Thus, B cells
from young and old mice were culture during 6, 12 and 24 h
with F(ab)2 anti-μ or media alone and the percentage of apo-
ptotic cells was evaluated by FITC-labelled Annexin-V and
PI staining. We observed that after few hours (6 and 12 h) of
culture, B cells from both group of mice show similar per-
centage of apoptotic cells (Annexin-V+ PI–). However, after
24 h of culture, B cell from young mice showed an increased
percentage  of  apoptotic  cells  compared  to  young  mice
(68% versus 52%, P < 0·045) (Fig. 1b).

These findings indicate that at longer time points of
culture, B cells from aged animals are more resistant to the
soluble anti-μ-induced apoptosis than B cells from young
mice.

B cells from aged animals differ in their ability to 
generate BCR-dependent survival signals

Trying to find out the mechanisms underlying aged mice B
cells resistance to BCR-induced apoptosis, we studied the
expression of antiapoptotic proteins involved in the resis-
tance of B cell apoptosis such as Bcl-2, Bcl-xL [26] and A1
[27] in purified splenic B cells from young and aged mice.
For this, B lymphocytes were cultured with or without F(ab)2

anti-μ Ab during 24 h, and then, Bcl-2 and Bcl-xL induction
was assessed by Western blot analysis. As reported for B cells
from young mice, aged-mice B cells increase the expression
of Bcl-xL upon anti-μ stimulation; and the level of Bcl-xL
induction seems to be identical between both groups. In
addition, at time studied, Bcl-2 expression presented a slight
increase after stimulation and the basal level of this protein is
not different between B cells from young and aged mice
(Fig. 2a).

As we can observed in Fig. 2b anti-μ stimulated B cells
from aged and young mice are able to up-regulate A1 expres-
sion at the same extent after 12 h of culture but they show a
differential kinetic of A1 degradation at longer time culture.
Thus, stimulated B cells from aged animals exhibit higher
levels of A1 expression than B cells from young mice, after 24
and 48 h post stimulus. On the other hand, analysing the
densitometric values obtained by anti-μ stimulated B cells
after 24 and 48 h of culture and comparing them with the
values obtained post 12 h of culture we observed that A1
mRNA levels of anti-μ stimulated B cells from young mice
decreased 1·9 and 8·8 fold after 24 and 48 h, respectively,
while A1 mRNA level of anti-μ stimulated aged B cells
decreased 1·5 and 4·0 fold. We have found that the decrease
in the A1 mRNA levels after 48 h of culture with anti-μ was
significantly more accentuated in B cells from young mice
compared to aged animals (P < 0·005).

In addition, the Fig. 2c depicts that B cells from aged mice
cultured for 48 h without stimulus show comparable levels
of A1 mRNA than those from young mice. In contrast, after
48 h of anti-μ stimulation, aged-mice B cells exhibit higher

Fig. 1. Apoptosis of B lymphocytes in young and old mice. (a) Purified 

B cells from young (�) and aged (�) mice were cultured with medium 

alone or F(ab)2 anti-μ (10 μg/ml) during 6, 24 and 48 h. Cell nuclei from 

freshly (T0) explanted B cells or after culture were stained with PI and 

the cells were subjected to hyplodiploid DNA content analysis by FCM. 

The graph shows the percentages of apoptotic B cells. *P < 0·04 and 

**P < 0·035 indicate significant differences compared with stimulated-

B cells from young animals and ***P = 0·13 indicate non-significant 

differences compared with nonstimulated B cells from young mice. (b) 

Purified B cells from young and aged mice were cultured with medium 

alone or F(ab)2 anti-μ (10 μg/ml) during 24 h. Then, the cells were 

stained with FITC-Annexin–V and PI. Two-colour density plot graphics 

show the percentage of Annexin-V+ cells within live gated population. 

One typical experiment from the three performed is shown.
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A1 mRNA level than their young mice counterpart cultured
in the same conditions. In fact, only B cells from aged mice
show detectable A1 mRNA transcripts even in the last dilu-
tion tested.

Taken together, these data demonstrate that after BCR-
stimulation, B cells from aged animals are able to up-regulate
and to keep higher levels of A1 transcripts than B cells from
young mice. This higher expression of A1 may confer to
aged-mice B cells a better protection against BCR-mediated
apoptosis.

B cells from aged mice stimulated with F(ab)2 anti-μμμμ 
exhibit a reduced Fas expression

Previous works have reported that activation stimuli,
induces the up-regulation of the death receptor Fas on the B
cell surface [28,29] making the cell more susceptible to apo-
ptosis. In order to test whether B cells from aged animals up-
regulate Fas expression in response to anti-μ stimulus, we
compared by FCM, the percentage of Fas+ B cells from
young and aged mice cultured during different periods of

Fig. 2. Expression of Bcl-2, Bcl-xL and A1. (a) 

Purified B cells from young and aged mice were 

cultured with medium alone or F(ab)2 anti-μ 

(10 μg/ml) during 24 h. The expression of Bcl-2 

and Bcl-xL was determined by Western blot. p38 

MAPK expression was used to determine parity 

of loading. The densitometric values of Bcl-2 and 

Bcl-xl expression are shown in relative arbitrary 

units at the bottom of the figure. (b) Purified B 

cells from young and aged mice were cultured 

with medium alone or F(ab)2 anti-μ for 12, 24 

and 48 h. RT-PCR was performed to detect 

A1transcripts. Number 1 and 3 represent B cells 

from young and aged mice, respectively, incu-

bated with media alone, number 2 and 4 

represent B cells from young and aged mice, 

respectively, stimulated with F(ab)2 anti-μ. The 

densitometric profile of A1 expression is shown 

in relative arbitrary units. (c) Purified B cells 

from young and aged mice were cultured with 

medium alone or F(ab)2 anti-μ for 48 h. Semi-

quantitative PCR was performed to detect 

A1transcripts in serial dilutions of cDNA sam-

ples. In (b) and (c), β-actin was used as internal 

control of RNA integrity and equal loading. 

Immunoblotting for A1 could not be done due 

to the poor quality of commercially available Ab 

reagents. In (a–c) one typical experiment from 

the three performed is shown.

b-actin

b-actin

1 2 3 4

12 h 48 h

1 2 3 4

A1

24 h

1 2 3 4

0·00

0·25

0·50

0·75

1·00

1·25

A
rb

itr
ar

y
un

its

(a)

(b)

(c)

+medium +F(ab)2 antim +medium +F(ab)2 antim

Young Aged

MW  
(kD)

Bcl-xL
29

Bcl-229

P38 
MAPK

36

F(ab)2 antim
young + young + 
medium

aged + 
F(ab)2 antim

aged + 
medium

A1

1·9
1· 5

8·8
4

1 2 1 1·0

1 1·4 1·3 1·2



B cells from aged mice exhibit reduced apoptosis

© 2005 British Society for Immunology, Clinical and Experimental Immunology, 143: 30–40 35

time with medium alone or stimulated with F(ab)2 anti-μ.
We observed that upon 24 h of BCR stimulation, B cells from
young and aged animals present a small percentage of Fas+ B
cells. In both culture conditions tested, aged mice B cells
show a minor percentage of Fas+ B cells compared to young
mice B cells (5% versus 8% for medium alone and 9% versus
14% for F(ab)2 anti-μ). At longer times of stimulation (48 h)
the percentage of Fas+ B cells is increased. This phenomenon
is observed with B cells from aged as well as young animals;
but interestingly, the percentage of Fas+ B cell in old mice is
consistently lower than that observed in the young group
(45% versus 67%) (Fig. 3) (P < 0·012). Likewise, after 48 h of
culture either with media alone or anti-μ Ab, B cells from
young mice present higher Fas expression than B cells from
aged mice (mean fluorescence intensity: MFI 1415 versus 1258
for medium alone and 1546 versus 1375 for F(ab)2 anti-μ.

Considering previous data that demonstrate that highly
activated B cells express FasL and commit fraticide through
Fas/FasL pathway [30,31]; we sought to evaluate if B cells
from young and aged animals were able to increase the
expression of FasL on their cell surface after BCR stimula-
tion. No FasL induction was observed after 48 h of culture,
but after 96 h of stimulation, B cells from young and aged
mice express FasL at the same extent (data not shown).

We have also observed that upon anti-μ stimulation, B
cells from aged mice reach the same activation level than B
cells from young mice, as demonstrated by the similar MFI
and percentages of CD19-activation marker (CD69, CD25,
MHC Class II, CD80 or CD86) double positive cells (data
not shown). Hence, B cells from aged mice are able to nor-
mally increase the expression of other activation markers
after anti-μ stimulation; even when they showed a lower
expression of Fas.

B cells from aged mice exhibit the same susceptibility to 
anti-Fas induced apoptosis but they express higher level 
of cFLIP and FAIM than B cells from young mice

Considering that Fas expression not necessarily correlate
with Fas-mediated apoptosis susceptibility [32] and that B
cells from aged-animals present lower Fas+ B cells than those
from young mice, we examined the susceptibility of BCR-
stimulated B cells from aged animals to anti-Fas killing.
Thus, purified splenic B cells from young and aged mice were
cultured with F(ab)2 anti-μ during 48 h, re-cultured with
anti-Fas antibody or control hamster IgG during 12 h and
stained with PI to determine the percentage of apoptotic cells
by FCM. After culture with the anti-Fas Ab, B cells from
either young or aged mice exhibit an increment in the per-
centage of apoptotic cells compared to B cells cultured with
hamster IgG (67% versus 83% for young mice and 52%
versus 70% for aged mice) (Fig. 4a). These data demonstrate
that consistently with the percentage of Fas+ B cells, the per-
centage of dead cells after anti-Fas treatment was lower in B
cells from aged animals compared with those from young
mice. However, the increment of the Fas-mediated apoptosis
respect to the control was similar in both groups studied
(18% for aged-B cells versus 16% young mice B cells).

We next study the status of three antiapoptotic molecules
such as cFLIP, FAIM and cIAP-2 in B cells from young and
aged mice cultured 24 h with or without F(ab)2 anti-μ Ab. As
we can observe in Fig. 4b. B cells from aged mice exhibit an
increased expression of c-Flip when they were cultured with-
out stimulus. After anti-μ stimulation c-Flip expression was
greatly enhanced in B cells from young and aged animals but
this up-regulation was significantly major in B lymphocytes
from aged mice. Another strong difference in the B cell

Fig. 3. Fas expression on B cells from young and aged mice. Purified B cells from young and aged mice were cultured with F(ab)2 anti-μ (10 μg/ml) 

or media alone during 24 and 48 h. In all figures grey histograms represent B cells stained with FITC labelled anti-Fas Ab while staining with isotype 

control Ab is shown as thick black line histograms. One typical experiment from the three performed is shown. The statistical study was performed 

with One sample t-test.
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response was observed after 24 h of BCR stimulation; B cells
from aged mice but not from young animals were able to
express high levels of FAIM mRNA (Fig. 4b). In contrast,
upon BCR-stimulus B cells from young mice presented a
slight increase in the expression of cIAP-2 compared to their
unstimulated counterparts, while B cells from aged mice
does not change cIAP-2 expression. Likewise nonstimulated
B cells from aged mice show higher levels of c-IAP-2 expres-
sion than B cells from young mice.

Taken together, these results demonstrate that B cells from
aged animals differ in their ability to generate survival signals
such as those mediated by cFlip and FAIM. The difference in
the up-regulation of these molecules may explain why B cells
from aged animals are more resistant to BCR-induced apo-
ptosis but may not explain the susceptibility to Fas-mediated
apoptosis.

B cells from aged mice show an increased proliferative 
response upon BCR-stimulation

We also evaluated whether the difference observed in the
BCR-induced apoptosis between young and aged animals
could be due to different proliferative capacity upon anti-μ
stimulation.

The Fig. 5 depicts that the proliferative response, deter-
mined by [3H]-thymidine uptake, reached after 24 h of stim-
ulation with F(ab)2 anti-μ was similar for B cells from both
groups. Interestingly, the aged-mice B cells proliferate more
vigorously than young-mice B cells after 48 h of stimulation
(P < 0·02). This difference in the proliferative response was
not a consequence of a differential expression of IgM since
we observed by FCM that aged and young mice present same
percentage of IgM+ B cells and the same level of surface IgM
on B cell population (data not shown). In addition, after 12
and 24 h of culture, B cell from aged mice cultured with
media alone present higher expression of an inducer of cell

Fig. 4. Fas–mediated apoptosis susceptibility and expression of antiap-

optotic molecules. (a) Purified B cells from young and aged mice were 

cultured with F(ab)2 anti-μ (10 μg/ml) during 40 h. The cells were 

washed and incubated during 12 h more with hamster IgG (a,c) or anti-

Fas Ab (Jo2) (0·125 μg/ml) (b,d). B cells were stained with PI and sub-

jected to hyplodiploid DNA content analysis by FCM. M1 indicates the 

percentage of apoptotic B cells. The asterisks indicate significant differ-

ences *P < 0·04 compared with B cells from young animals cultured with 

anti-Fas antibody. (b) Purified B cells from young and aged mice were 

cultured with medium alone or F(ab)2 anti-μ (10 μg/ml) during 24 h. 

The expression of cIAP2 and cFlipL was determined by Western blot. p38 

MAPK expression was used to determine parity of loading. Semi-quan-

titative RT-PCR was performed to detect FAIM. β-actin was used as 

internal control of RNA integrity and equal loading. The densitometric 

values of cIAP2, cFlipL and FAIM expression are shown in relative arbi-

trary units at the bottom of the figure. In A-B one typical experiment 

from the three performed is shown.
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proliferation such as c-myc than B cell from young mice
(data not shown).

We also observed that B cells from young and aged mice
secrete a high concentration of IL-10 after 48 h of anti-μ
stimulation. However there was no difference on the levels of
the cytokine secretion between B cells from young and aged
mice, indicating that IL-10 is not mediating the higher B cell
proliferation in aged mice (data not shown).

Aged and young Balb/c mice differ in the proportion of 
splenic B cell subsets

Splenic B cell compartment is composed by different B cell
subsets that differ in their phenotype and ability to respond
to BCR signalling [33]. Splenic B lymphocytes can be cate-
gorized in mature and immature or transitional cells. The
mature B cell compartment involves the Follicular Mature
(FM) B cells and the marginal zone (MZ) B cells while tran-
sitional (T) B cells are divided in T1 and T2. In response to
BCR engagement, FM and T2 cells rapidly enter the cell cycle
and resist cell death. In contrast, T1 B cells not only do not
proliferate but also they die after BCR stimulation. MZ B
cells are unable to respond to anti-μ stimulation [33]. Con-
sidering this and taking into account the different behaviour
of B cells from aged and young mice to anti-μ stimulation,
we further study the proportion of the different splenic B
cells subset in both groups.

Based on CD24 and CD21 expression, the analysis of B cell
subsets in aged mice revealed that FM B cells are slightly
increased compared to young mice (82% versus 70%). In
addition, we determined that in aged mice the percentage of
T1 B cells is decreased (7% versus 15% in young mice)
(P < 0·016) while the percentage of T2 plus MZ B cells is sim-
ilar (5% versus 6% in young mice) (Fig. 6a). Based on the
expression of CD23 in the CD21highCD24high population, we
determined that aged mice present an increased percentage
of T2 B cells (90% versus 75% in young mice) and conse-
quently a decrease of MZ B cells compared to young mice
(10% versus 25%) (Fig. 6b).

These data indicate that aged mice present a high percent-
age of B cells (FM and T2) able to proliferate upon BCR
stimulus and a decrease in the percentage of B cells (T1) that
die after BCR engagement. Taken together these results could
explain the different behaviour of aged B cell to anti-μ
stimulation.

Discussion

Considering that a highly orchestrated form of cell death is
critical for maintaining the normal function of the immune
system, an age-related disruption of B cell control mecha-
nism would lead to B cell survival and consequently to self
and non-self specific antibodies production and exacer-
bated cell proliferation. Despite the increasing interest in

Fig. 6. Splenic B cell subset from young and aged mice. Splenocytes from young and aged mice were stained with anti-mouse CD21, CD24, CD19 

and CD23 mAbs. (a) Two-colour dot plot graphics show the percentage of T1, T2-MZ and FM B cells within CD19+ gated population. (b) Gray 

histogram represent CD23 surface expression within CD21high CD24high gated population. Isotype control Ab is shown as thick black line histograms. 

One typical experiment from the three performed is shown.
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the relationship between programmed cell death and age-
ing, the role of B cell apoptosis during ageing remains
obscure.

In this report we tested the ability of B cells from aged ani-
mals to undergo apoptosis after F(ab)2 anti-μ stimulation
that simulates antigen–BCR interaction. The data presented
herein indicate that after 24 h of culture with anti-μ Ab, B
cells from aged mice show reduced levels of apoptosis com-
pared to B cells from young mice, and this difference is
increased by 48 h of culture. Our data are in line with reports
showing that aged mice present an increase in the immuno-
globulin serum level [34,35]. This increased resistance to
programmed cell death of aged mice B cells can not be gen-
eralized to all kinds of apoptosis-producing agents since dex-
amethasone, cycloheximide or dibuyryl cAMP induce higher
levels of apoptosis in B cells from aged animals than in those
from young mice [19].

Trying to deepen into the mechanisms underlying the
reduced apoptosis observed in B cells from aged mice we
studied  the  status  of  several  molecules  playing  different
roles in the mitochondria-associated (intrinsic) and death
receptor-associated (extrinsic) apoptotic pathways. It is well
documented that several members of the Bcl-2 family can
prevent cell death induced by BCR ligation; specifically, Bcl-
2 or Bcl-xL overexpression is able to block anti-μ induced B
cell apoptosis. Nevertheless, a higher expression of these
antiapoptotic molecules or cIAP-2 is not responsible of the
resistance of aged mice B cells to anti-μ induced apoptosis
because they express the same level of these three proteins
than young-mice B cells. Interestingly, F(ab)2 anti-μ stimu-
lated B cells from aged and young mice, that up-regulate A1
antiapoptotic transcripts to the same extent after 12 h of cul-
ture, show a differential kinetic of A1 degradation at longer
time culture. Hence, after 48 h of anti-μ stimulation, aged-
mice B cells exhibit a significantly higher level of A1 tran-
script than young-mice B cells. Because A1 induction has
been involved in follicular B cells survival signals [36] and
BCR-mediated apoptosis protection induced by CD40 [37],
our results regarding A1 expression could explain, at least in
part, the improved resistance of aged mice B cells to anti-μ
induced apoptosis.

Regarding the extrinsic apoptosis pathway, our studies
about the expression of Fas on anti-μ stimulated B cells from
aged and young animals show that aged mice B cells have
reduced the level of Fas expression as well as a minor per-
centage of Fas+ B cell. These data are in line with that from
Hsu et al. [38] demonstrating that, after 96 h of activation,
the percentage of Fas+FasL+CD8+ cells is significantly lower in
18-month-old mice than in young mice. Nevertheless they
present a diminished Fas expression in response to anti-μ,
aged mice B cells are able to up-regulate other activation
markers such as CD69, CD80, CD86 and CD25 at the same
magnitude as B cells from young mice. In addition, aged
mice B cells, after anti-μ stimulation, presented a higher pro-
liferative response when compared to B cells from young

animals. These results indicate that ageing did not affect the
ability of B cells to become activated and proliferate.

Specific pathways mediating apoptotic induction by BCR
are not fully understood. It has been postulated that BCR–
mediated apoptosis and Fas-mediated apoptosis pathways
are initially distinct but later they can converge [39]. Thus, it
has been reported that the death receptor pathway is dis-
pensable for BCR ligation-induced deletion of immature and
mature  resting  B  lymphocyte  in  vivo  [40,41]  and  that
BCR-induced apoptosis of B lymphoma-derived cells lines
seems to be independent of Fas [42]. In addition, it has been
demonstrated that the treatment with soluble anti-Ig Ab for
24 h is able to normally induce apoptosis in lpr B cells, indi-
cating that Fas is not essential for apoptosis induced by mild
BCR ligation. However, even when BCR-induced apoptosis
appears to be normal in Fas-deficient MRL/lpr mice, auto-
antibodies are present in these mice, indicating the role of
Fas in eliminating autoreactive B cells [43].

Based on this knowledge, we directly evaluated the
susceptibility  of  anti-μ  stimulated  B  cells  from  aged  mice
to anti-Fas Ab induced apoptosis. We observed that B cells
from aged mice exhibit a lower percentage of apoptosis in
response to Fas-crosslinking than those from young mice.
After the culture with control hamster IgG or anti-Fas Ab,
BCR-stimulated B cells from aged mice present lower levels
of apoptosis than B cell from young mice treated in the same
way. The susceptibility to Fas mediated killing was similar in
B cells from both experimental groups studied indicating
that during ageing B cells are protected from BCR mediated
apoptosis but the susceptibility to Fas-induced death is not
altered. However the finding that aged mice present less
number of Fas+ B cells indicates that this pathway turn rel-
evant at time to control an immune response.

We observed that aged mice B cells present after BCR-
stimulation a higher expression of the antiapoptotic mole-
cules c-Flip and FAIM, previously reported to confer resis-
tance to Fas-mediated apoptosis induced by Ig-crosslinking,
than those from young animals. However, in our system the
expression of cFlip and FAIM is correlated with the resis-
tance of aged B cells to BCR apoptosis but to Fas mediated
apoptosis.

In summary, we demonstrate here that B lymphocytes
from aged mice exhibit a decreased susceptibility to apopto-
sis after BCR-stimulation. The delayed A1 degradation as
well as higher expression of c-Flip and FAIM, seems to con-
tribute to the acquisition of the apoptosis-resistant pheno-
type. In addition, we have also observed that aged mice
exhibit an increased percentage of splenic B cells subsets
which are more resistant to BCR induced apoptosis such as
T2 and FM B cells and a reduced percentage of T1 B cells that
undergo apoptosis after BCR cross-linking [33]. These
changes in the proportion of the splenic B cells could explain
the different behaviour of aged B cells after anti-μ stimuli.

The diminished apoptosis after activation in aged mice
could compromise homeostatic mechanism allowing the
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persistence of self and non-self antigen specific B cells. A fur-
ther understanding of the mechanisms underlying antibod-
ies-mediated diseases during ageing may eventually offer the
potential for their prevention and therapeutic modulation.
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