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Abstract
The expression of Bcl-2 in peripheral blood lymphocytes in aged mice was assessed using flow cytometry
+
+
+
and compared with young mice. The results showed that the frequencies of CD3 , CD4 and CD8 cells and the
+
+
+
,
frequencies of CD3 CD4 and CD8 cells expressing Bcl-2 were decreased in aged mice. Bcl-2 expression in T cells
was positively correlated with frequencies of each sub-population of T cells but negatively correlated with age (old
and young). In contrast, the frequencies of B cells (CD19+) and Bcl-2+ B cells in total lymphocytes as well as Bcl-2
positive rate in CD19+ B cells were all increased in old mice. The mouse age, CD19+ cell frequency and Bcl-2+ B cell
frequency were positively correlated each other. These results suggest that Bcl-2 expression on T and B cells could
play an important role in the regulation of T and B cells by inhibiting apoptosis during aging.
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Introduction
Bcl-2 is an apoptosis antagonist, has been well-demonstrated to be an
important factor for prolonging cell survival, and may be related to the
occurrence of cancer [1-7]. The effects of Bcl-2 expression on immune cells
has also been shown in some aspects, such as the effects on CD8+ T cells [8],
T and B lymphopoiesis [9], T cell development and regulation [10,11] and
Germinal center responses [12]. Previous studies including ours [13-15]
have shown that apoptosis contributes to the reduction of CD8+ and CD 4+
T lymphocyte frequencies in splenocyte culture of aged mice. It was further
shown that increased apoptosis in aging was mediated by Fas and Fas-L,
TNF-α and TNF receptors [13-15]. Different from T lymphocytes, the total
IgG, IgM and IgA –presenting B cells are all increased in old mice compared
to the young mice, which results in an increasing immunoglobulin level
in aging [16]. However, whether in vivo expression of Bcl-2 is involved in
these changes in T (CD3+, CD4+ and CD8+) and B (CD19+) cell frequencies
in aged mice is not yet known. In this study, freshly isolated peripheral
lymphocytes were used to investigate the relationships between the Bcl2 expression and apoptosis as well as survival in T and B lymphocytes in
old and young mice. Freshly isolated cells are likely to produce results that
reflect in vivo events.
Respiratory viral infectious diseases, such as influenza and RSV
infections, cause significantly higher morbidity and mortality in aged
people [17-21]. More than 90% of deaths caused by influenza occur in
old people [22,23]. It has been demonstrated in both clinical and animal
experiments that both cellular and humoral immunity to influenza
virus and RSV infection declined significantly in aged subjects [14,2431]. We previously observed that, following stimulation with influenza
virus in vitro, the frequencies of CD4+ and CD8+ T cells from spleens
of old mice were significantly lower than those from the young mice
[14,24-31]. Such a virus stimulation-related changes in T cells from
aged mice was also associated with increased apoptosis. To further
clarify whether this also occurs in vivo, influenza virus-primed old
and young mice were challenged with the same dose of virus and the
peripheral lymphocytes from these mice were kinetically assessed for
the T cell subsets and the correlations among the frequencies of T cell
subsets, apoptosis markers, expression of Bcl-2 and age. The “real time”
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evaluations allowed us to avoid tissue culture-mediated effects and to
more accurately assess the dynamics of the immune response in vivo, as
well as to assess the role of age-associated abnormalities on the immune
response to influenza virus infection. Similar analysis was conducted
for B cells since hypergammaglobinemia is prevalent in aging [16].

Materials and Methods
Old (22-24 months) and young (2-4 months) BALB/c (H-2d) mice
were purchased from Charles River Laboratories under a contractual
arrangement with the National Institute on Aging. These animals were
housed in specific pathogen-free certified rooms in cages covered with
barrier filters with sentinel cages for monitoring infections. The Baylor
Animal Protocol and Research Committee approved use of animals
according to principles expressed in the National Institutes of Health,
USPHS, Guide for the Care and Use of Laboratory Animals. 8 old mice
and 8 young mice (total 16 mice) were respectively equally divided into
two groups, and the mice in one of each two groups were primed with
10 MID50 of influenza A/Taiwan/1/86 (H1N1) virus or with control
medium by intranasal inoculation [16,32,33]. Two months later, the
virus-primed 4 mice in each group were challenged with the same dose
of influenza A/Taiwan/1/86 (H1N1) virus by the same administration
methods as priming.

Antibodies
Rat monoclonal antibodies specific for mouse CD3, CD8 and CD4
conjugated to PE (or PerCP) and FITC, respectively were purchased from
BD Pharmingen, San Diego, CA. For detection of apoptosis, Annexin
V-PE contained in an apoptosis detecting kit was used according to the
manufacturer’s instructions (BD Pharmingen, San Diego, CA). AntiTNFR-p55-PE, anti-TNFR-p75-PE (Caltag Laboratories, Buriinggame,
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CA) and anti-FasL-FITC (BD Pharmingen, San Diego, CA) monoclonal
antibodies were combined with anti-CD8-PE reagent for detection of
TNFR-p55 (TNFRI) and FasL expression on CD8+ T cells.

Isolation of peripheral blood lymphocytes
For the mice with virus challenge, 0.25 ml of whole blood drawn
retro-orbitally was drawn each time once every other day before and
days 2, 4 and 6 after challenge and each whole blood sample was mixed
with 1 ml 1.4% of sodium citrate PBS. For the mice without virus
challenge, 0.75 ml of whole blood drawn retro-orbitally was drawn and
each blood sample was mixed with 3 ml 1.4% of sodium citrate PBS.
Cells were then spun down and the plasma was removed. After the
cells were re-suspended with 5% FBS RPMI 1640, the peripheral blood
lymphocytes were isolated by gradient centrifugation using Lympholyte
(Cedarlanen, Ontario, Canada) and following manufacturer’s
instruction. Before staining, cells were washed twice, re-suspended
with PBS in the concentration of 10 × 106/ml.

Determination of T and B cell frequencies using flow
cytometry Intracellular cytokine flow cytometry (ICF) for
detecting Bcl-2
Prior to and 2, 4 and 6 days following priming and challenging
with influenza virus, the peripheral blood lymphocytes were isolated
as described above. Peripheral lymphocytes were stained for the surface
markers CD3, CD4, CD8, CD19, Fas-L, TNF receptor (TNFR) I, TNFR
II and Annexin V as described previously [14,16]. Following CD3, CD4,

1a

CD8 and CD19 staining, cells were washed with PBS and permeabilized
in Permeabilizing Solution 2 (BD Pharmingen) for 10 min by following
manufacturer’s instruction. They were then stained with anti-mouse Bcl-2
with reagents contained in the BD FastImmune ICF kits for 30 min at room
temperature in the dark according to manufacturer's instructions. The cells
were stored at 4°C in the dark and analyzed within 24 h. Three-color flow
cytometry was used in the examination of the splenocytes.

Analysis of data
Comparisons of differences among mean cell frequencies of
different groups were made using the ANOVA procedure (STATVIEW
Software, SAS Institute, Inc, Cary, NC, USA). The correlations among
age (old and young), Bcl-2 expression and T or B cell frequencies
were tested using multiple correlation analysis [14]. P<0.05 level was
considered significant for the difference between comparison groups
and the correlations among factors.

Results
Association of decreased CD3+ cell frequency and the reduced
expression of Bcl-2 on T lymphocytes in aged mice
Lymphocytes were isolated from peripheral blood of old and young
mice and stained immediately with appropriate reagents. Two-color
flow cytometry was used to determine CD3+ cell frequency and Bcl-2+
cell frequency. CD3+ cell frequency was significantly lower in old mice
than in the young mice (Figure 1a). The frequency of Bcl-2+ T cells
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Figure 1: Expression of Bcl-2 on CD3+ cells in old and young mice. Four old and four young (24 and 4 months of age, respectively) mice were bled and peripheral
lymphocytes were assessed for the frequencies (mean ± SE of percentage) of CD3+ cells (a) and the cells positive for both CD3 and Bcl-2 (CD3+Bcl-2+ cells) (b)
using 2-color flow cytometry and the Bcl-2 positive rate of CD3+ cells (CD3+Bcl-2+/total CD3+ cells) (mean ± SE of percentage) was calculated (c). Old mice exhibited
significantly decreased frequencies of CD3+ cells (P<0.01) and CD3+ Bcl-2+ cells (P<0.01), but Bcl-2 positive rates of CD3+ cells had no significant difference between
old and young mice. The relationships among the frequencies of CD3+ cells, CD3+ Bcl-2+ double positive cells and age (old and young) of mice were analyzed with
multiple correlations (d). The frequencies of CD3+Bcl-2+ cells positively correlated with those of CD3+ cells (R=0.948, P<0.0001), while CD3+ and CD3+Bcl-2+ cells and
age (R=-0.792, P=0.016) as well as frequencies of CD3+ cells and age (R=-0.857, P=0.004) are all in negative correlation.
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(CD3+ Bcl-2+ cells) in total lymphocytes, were also significantly reduced
in the old mice in comparison to young mice (Figure 1b). Similarly,
the Bcl-2 positive rate of CD3+ cells (CD3+ Bcl-2+/total CD3+ cells),
which reflects the proportion of CD3+ Bcl-2+ cells in T cells, was also
significantly reduced in the old mice (Figure 1c). Multiple correlation
analysis (Figure 1d) showed that frequencies of CD3+ cells and CD3+
Bcl-2+ cells were in positive correlation (P<0.0001, R=0.948), but the age
(young and old) of mice and the frequency of CD3+ cells (P=0.016, R=0.792) as well as the age (young and old) of mice and the frequency of
CD3+ Bcl-2+ cells (P<0.005, R=-0.857) were all in negative correlation.
Unlike what has been seen in cultured splenocytes, expression of
apoptosis markers including Annexin V, FasL, TNFRp75 and TNFRp55
on peripheral T cells were not significantly different between old and
young animals, in which Annexin V and FasL were all at very low levels
(<1%, data not shown). These data suggest that the reduced Bcl-2+ cells
may lead to the declined frequency of T cells in aging since Bcl-2+ has
been previously demonstrated to play an important role in prolonging
the T cell survival [8-10].

Association of decreased CD4+ cell frequency and the reduced
expression of Bcl-2 on T lymphocytes in aged mice
CD4+ cell and CD4+ Bcl-2+ cell frequency were also determined by
flow cytometry. As shown for CD3+ T cells, the frequency of CD4+ cells
and the cells positive for both CD4 and Bcl-2 (CD4+ Bcl-2+ cells) in total

2a

lymphocytes were significantly lower in old than young mice (Figures
2a and 2b). Also consistent with CD3+ cells , the Bcl-2 positive rate of
CD4+ cells (CD4+ Bcl-2+/total CD4+ cells) was significantly lower in old
mice (p<0.05) compared to the young (Figure 2c). Multiple correlation
analysis (Figure 2d) showed that the frequencies of CD4+ cells and
CD4+ Bcl-2+ cells were in positive correlation (p<0.0005, R=0.917),
while the age (young and old) of mice and the frequency of CD4+ cells
(p<0.001, R=-0.913) as well as the age (young and old) of mice and the
frequency of CD4+ Bcl-2+ cells (p<0.01, R=-0.840) were all in negative
correlation. There also were no significant differences in apoptosis
markers Annexin V, FasL, TNFRp75 and TNFRp55 on T cells between
old and young mice, in which Annexin V and FasL were all at very low
levels (<1%, data not shown). This suggests that Bcl-2 expression also
exerts effects on CD4+ cells, a major portion of CD3+ cells.

Association of decreased CD8+ cell frequency and the reduced
expression of Bcl-2 on T lymphocytes in aged mice
Similar to CD4+ cells and CD3+ cells, the frequencies of CD8+ cells
and the cells positive for both CD8 and Bcl-2 (CD8+ Bcl-2+ cells) in total
lymphocytes were all lower in old mice than in young mice (Figures
3a and 3b). Also as shown for CD4+ T cells, the Bcl-2 positive rate of
CD8+ cells (CD8+ Bcl-2+/total CD8+ cells) was also significantly lower
in old mice compared to the young mice (Figure 3c). This suggests that
reduced Bcl-2+ expression in CD8+ T cells from old mice may have
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Figure 2: Expression of Bcl-2 on CD4 cells in old and young mice. Conditions were similar to Figure 1 above. Compared to young mice (n=4), old mice (n=4) exhibited
significantly decreased frequencies of CD4+ cells (P<0.05) (a), the cells positive for both CD4 and Bcl-2 (CD4+Bcl-2+ cells) (P<0.01) (b), and Bcl-2 positive rate of CD4+
cells (CD4+Bcl-2+/total CD4+cells) (P<0.05) (c). Multiple correlations (d) showed that the frequencies of CD4+Bcl-2+ cells positively correlated with those of CD4+ cells
(R=0.917, P<0.0005), while the frequency of CD4+Bcl-2+ cells and age (R=-0.840, P=0.006) as well as frequency of CD4+ cells and age (R=-0.913, P=0.0006) are all
in negative correlation.
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Figure 3: Expression of Bcl-2 on CD8+ cells in old (n=4) and young mice (n=4). Conditions were similar to figures 1 and 2 above. Old mice exhibited significantly
decreased frequencies of CD8+ cells (P<0.05) (a), the cells positive for both Bcl-2 and CD8 (CD8+Bcl-2+ cells) (P<0.001) (b), and Bcl-2 positive rate of CD8+ cells
(CD8+Bcl-2+/total CD8+ cells) (P<0.01) (c) compared to the young mice. Multiple correlation analysis (d) shows that CD8+Bcl-2+ cell frequencies were positively
correlated with those of CD8+ cells (R=0.853, P<0.005), while CD8+Bcl-2+ co-expressing cells and age (R=-0.826, P<0.005) as well as frequencies of CD8+ cells and
age (R=-0.854, P=0.009) were all in negative correlation.

important consequences on their survival and functions. Multiple
correlation analysis (Figure 3d) also showed that the frequencies of
CD8+ cells and CD8+ Bcl-2+ cells were in positive correlation (P<0.005,
R=0.853), while the age (young and old) of mice and the frequency of
CD8+ cells (P<0.005, R=-0.854) as well as the age (young and old) of
mice and the frequency of CD8+ Bcl-2+ cells (P<0.01, R=-0.826) were
all in negative correlation. As shown for CD3+ and CD4+ cells, no
significant differences were observed between old and young mice with
regards to the expression of FasL, TNFRp75 and TNFRp55 on CD8+
T cells, in which Annexin V and FasL were all at very low levels (<1%,
data not shown).

Reduced Bcl-2 expression and CD4+ and CD8+ T cell response
to influenza virus challenge in virus-primed old mice
Mice were primed with 10 MID50 of influenza A/Taiwan/1/86
(H1N1) virus and challenged with the same dose of virus two months
later [16]. Prior to and 2, 4 and 6 days after virus challenge, all mice
were bled and peripheral lymphocytes were harvested for Bcl-2 and
T cell subsets determination. The frequencies of CD4+ and CD8+ T
cells were all significantly increased after virus challenge in both old
and young mice, but the old mice reached the response peaks on day
4 post-challenge, two days later than did young mice (Figures 4a and
4d). It is noteworthy that the peak levels of CD4+ and CD8+ T cells were
still lower in old mice than those in young mice. These differences,
between the old and the young, shown for peaks of CD4+ and CD8+
J Clin Cell Immunol, an open access journal
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cell responses were similar to those shown for the pre-challenge levels
of CD4+ and CD8+. The frequencies of CD4+ and CD8+ T cells coexpressing Bcl-2 (CD4+ Bcl-2+ and CD8+ Bcl-2+) were displayed with
the same pattern as shown for CD4+ cells and CD8+ cells in response to
virus challenge (Figures 4c and 4f), that is, old mice had significantly
lower cell frequencies for these subsets, lower peak levels and later peak
times. As shown above, the Bcl-2 positive rates of CD4+ and CD8+ were
significantly lower at all time points in old mice in comparison to young
mice (Figures 4b and 4e). Even though there were increases in their
Bcl-2 proportions over time in old mice, they never achieved the same
levels as young mice. However, such increases resulted in closer levels of
CD4+ and CD8+ T cells on day 6 post-challenge. The reduction in Bcl-2
proportions in CD4+ and CD8+ cells of young mice between days 2 and
4 post virus challenge suggested that the increase of Bcl-2 negative T
cells of the circulating pool in the early stage of T cell responses to virus
challenge is also not ignorable. The reductions of CD4+ and CD8+ cells
following the response peaks were likely due to activation-induced cell
death (AICD) mediated by virus stimulation and/or because these T
cells rapidly left circulating pool, which also appeared earlier in young
mice than in the old as, did the peaks.

The increased CD19+ B cell frequency associated with
increased Bcl-2 expression in elderly mice
Lymphocytes were isolated from peripheral blood of old and young
mice. Two-color flow cytometry was used to determine CD19+ cell
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Figure 4: Influenza virus infection-stimulated in vivo T cell responses in primed old and young mice. Four old (24 months of age) and four young (4 months of age)
were primed with 10 MID50 of influenza A/Taiwan/1/86 (H1N1) virus, and two months later were challenged with the same dose of influenza virus. Prior to and 2, 4 and
3 days after the challenge, peripheral lymphocytes were assessed for Bcl-2+, CD4+ and CD8+ cell frequencies with three-color flow cytometry. CD4+ and CD8+ T cell
responses to the virus challenge in old mice reached their peaks two days later than did young mice and the peaks for old mice were markedly lower than those for
the young (4a and 4d). The frequencies of CD4+Bcl-2+/Lymphocytes (Figure 4c) and CD8+Bcl-2+ (Figure 4f). Cells/Lymphocytes changed in the same pattern in the old
and young mice as shown for the frequencies for CD4+ and CD8+ cells The Bcl-2-positive rates of CD4+ or CD8+ cells (Bcl2+&CD4+/CD4+ or Bcl2+&CD8+/CD8+ ) were
calculated as above and exhibit eventually lower levels at all-time points in the old mice than in the young, although they continuously increase from day 0 to day 4
following challenge in old mice (4b and 4e). The values were presented in means ± SE.

frequency and Bcl-2+ cell frequency. Different from CD3+, CD4+ and
CD8+ T cells, CD19+ cell frequency was significantly increased (p<0.05)
in old mice compared to the young mice (Figure 5a). The frequencies of
the cells positive for both CD19 and Bcl-2 (CD19+ Bcl-2+ cells) (p<0.001)
and the Bcl-2 positive rate of CD19+ cells (CD19+ Bcl-2+/total CD19+ cells)
(p<0.005) were also significantly higher in the old mice than those in the
young mice (Figures 5b and 5c). Multiple correlation analysis (Figure 5d)
showed that frequencies of CD19+ cells and CD19+ Bcl-2+ cells (p<0.05,
R=0.706). The age (young and old) of mice and the frequency of CD19+
cells (p<0.05, R=0.755) as well as the age (young and old) of mice and
the frequency of CD19+ Bcl-2+ cells (p<0.005, R=0.930) were all in
positive correlation (Figure 5d). These data suggest that increased Bcl-2
expression may play a role in the increased frequency of B cells observed
in aging. The kinetics of CD19+ B cells responses to in vivo influenza virus
challenged were not evaluated due to the limited cell number. However,
immunoglobulin-expressing B cells from spleen cells from old mice
exhibited a significantly higher expression of Bcl-2 than young mice
following in vitro stimulation with influenza virus (data not shown).

Discussion
Bcl-2, as an apoptosis antagonist, plays a important role in
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prolonging cell life span and over expression of Bcl-2 is a causative
factor in cell malignant proliferation [34-36]. In our previous studies,
it was demonstrated that the decreased frequencies of CD8+ and CD4+
cells in cultured splenocytes of old mice were associated with increased
apoptosis in T cells [14]. Such changes in aged mice occurred on both
influenza virus-stimulated and non-stimulated cells of influenza virus
primed mice [14]. Similar results were obtained in a human study
in which the cultured CD4+ and CD8+ cells from peripheral blood
underwent more severe apoptosis in elderly persons than in the young,
and the Bcl-2 expression in CD4+ and CD8+ cells of aged individuals
were decreased in comparison with the young [14,32]. In addition, the T
cells exhibited increased expression of apoptosis mediators, Fas, Fas-L,
TNF-α and TNF receptors as shown in our previous studies [14,32].
Those findings led present study to examine if direct correlations exist
between in vivo T cell frequencies and Bcl-2 expressions and whether
Bcl-2 expression contributes to the CD4+ or CD8+ cell frequency
changes in T cell responses to virus infection in vivo. In addition, the
analysis included expression of Bcl-2 in peripheral B lymphocytes as
these cells have hitherto not been evaluated in aged mice.
Consistent with the data from cultured lymphocytes [14,32], the
frequencies of CD3+ cells as well as the frequencies of T cell subsets,

Volume 7 • Issue 6 • 1000473

Citation: Zhang Y, Zhang M, Wang Y, Liu L, Sweeney C, et al. (2016) Bcl-2-expression in Dys-regulated Distribution of T and B Lymphocytes in Aged
Mice. J Clin Cell Immunol 7: 473. doi:10.4172/2155-9899.1000473

Page 6 of 8

5a

14

P<0.05

12

5b

70
60

10

40

6

30

4

20

2

5c

10

Old

0

Young

Old

5d

9
8
7

13.5

P<0.005

5

Young

Old
Young

13
12.5

6

12
11.5

4

11

3
2

P<0.05, 0.05&0.005
R=0.706, 0.755&0.930

10.5

1
0

P<0.001

50

8

0

80

10

Old

Young

2

3

4

5

6

7

8

9

10

Figure 5: Expression of Bcl-2 on CD19+ cells in old (n=8) and young mice (n=8). Conditions were similar to figures 1-3 above. Compared to young mice, old mice
exhibited significantly increased frequencies of CD19+ cells (P<0.05) (a), the cells positive for both Bcl-2 and CD19 (CD19+Bcl-2+ cells) (P<0.001) (b), and Bcl-2
positive rate of CD19+ cells (CD19+Bcl-2+/total CD19+ cells) (P<0.005) (c). Multiple correlation analysis (d) showed that the frequencies of CD19+ and CD19+Bcl-2+ cells
(R=0.930, P<0.005), age (old and young) and CD19+ (R=-0.755, P<0.05) as well as age (old and young) and frequencies of CD19+Bcl-2+ cells (R=-0.706, P=0.05) are
all in positive correlation.

CD4+ and CD8+ cells were all reduced in aged mice compared to the
young mice. However, we could not find any significant differences in
these fresh T cells between old and young mice in Annexin V binding
assay used for measuring early stage apoptosis [14,32]. This is likely
due to lack of appreciable accumulation of these cells in vivo as the
body is very efficient in eliminating apoptotic cells [37,38]. By the
same analogy, we also did not find any significant differences for the
expression of Fas-L, TNF receptor I and TNF receptor II on these T
cells, because they were all in very low frequencies (<1%). In contrast,
Bcl-2 expression on CD3+, CD4+ and CD8+ T cells significantly reduced
in old mice in comparison to the young, and frequencies of CD3+ cells
and CD3+ Bcl-2+ cells were in positive correlation. These data suggested
that the decreased expression of Bcl-2 might play a role in the declining
in vivo T cell frequency in aging. The significant decreases of Bcl2 positive rates of CD4+ and CD8+ T cells in aged mice were further
suggestive of the effects of Bcl-2 expression on T cell population during
aging.
In cultured splenocytes, CD8+ and CD4+ cells from old mice
declined in response to influenza virus stimulation as did to nonstimulation [14]. In our kinetic observations on CD4+ and CD8+
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cells responses to influenza virus challenge in primed mice, these T
cell subsets exhibited the same response pattern but with a different
response kinetics in old and young mice. The responses in old mice
peaked 2 days later than in young mice and the peak response was
markedly lower in old mice than young mice. These data indicate that
T cell response to virus infection in immunized old animals were not
only delayed but also weakened. Figures 4a and 4d revealed that such
delay and decline of T cell responses were coincident with the levels
of CD4+ and CD8+ cells before challenge. Although the frequencies
of Bcl-2-expressing CD4+ and CD8+ cells in the old mice increased
continuously in the response to virus challenge, they did not reach the
levels of young mice. This is not surprising because these frequencies
were significantly lower in old mice prior to virus challenge (day 0).
Considering the function of the Bcl-2 as a antagonist of apoptosis, the
combined results of reduced frequencies of CD4+ and CD8+ cells as well
as CD4 and CD8 co-expressing Bcl-2 suggest that the reduced Bcl-2
expression might play a role in the lower (compared to the young) and
postponed T cell response peaks due to its associated lower initial T-cell
level in aged mice. The present results are consistent with other studies
on the effects of Bcl-2 expression on occurrence of cancer [1-7], on
CD8+ T cells [8], T and B lymphopoiesis [9], T cell development and
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regulation [10,11] and germinal center responses [12]. The studies are
novel in establishing a link between deficient in vivo T cell responses to
a viral infection and reduced Bcl-2 expression on the peripheral T cells
in old mice.
It should be noted that the T cells increased in circulating pool were
mainly released from lymphoid organ, such as spleen and lymph nodes.
Only a small portion (normally <1%) of these lymphocytes were from
those activated directly by antigen stimulation. Because of the limited
cell numbers in our current studies, the effects of Bcl-2 on antigenspecific T cells were not evaluated, in which the assay, such as tetramer
assay, should be conducted with much more cells for a reliable result.
In addition, Bcl-2 positive rates in CD4+ and CD8+ all slightly dropped
on day 2 following the virus challenge in young mice, but these was
not seen in the old. The possible reason for this phenomenon could
be that some T lymphocytes released to circulating pool might contain
more Bcl-2 negative cells in the young mice. Even so, Bcl-2 expression
in CD4+ and CD8+ T cells of young mice were still significantly higher
than in old mice at all-time points (Figures 4b and 4e), suggesting a
potential role of Bcl-2 expression in maintaining T cell levels in the
circulating pool following virus infection.
The mechanism of the effects of Bcl-2 on T cell development and
regulation [10,11] has been well documented. In contrast to results
for T cells in aging, our current data demonstrate a significantly
increased frequency of CD19+ B cells in peripheral blood and
enhanced expression of Bcl-2 in B cells of aged mice compared to
the young mice. This is supported by our previous study, in which
the increased immunoglobulin-expressive B cell frequency in the old
mice was associated with hyperimmunoglobuliemia [16]. However, in
the studies of Mireille Verdier et al. [39], it was not found significant
difference in Bcl-2 expression between old and young mice. The
possible reasons for the difference between their results and ours
could be the age of the old mice used in the experiments. The age
of the old mice in their study was in a big range (15-21 months), but
ours were in very narrow range, all between 24 and 25 months of
age. In addition, they may have different definition for peripheral B
lymphocyte because the testing cells in their study were from spleen
or peyer’s patches as described in the “Materials and Methods” section
of their publication while the cells used in our current study were
from mouse peripheral blood.
To further confirm the up-regulation role of Bcl-2 in of B cells,
the peripheral mononuclear cells from 4 aged mice were cultured
in ZYX bioreactor [16,40] with RPMI1640 media containing Bcl-2
inhibitor, 10 µM Venetoclax (ABT199) [41] and other components as
we previously described [16]. The results showed that the total B cells
and Bcl-2 positive B cells were respectively 42.1% and 36.8% reduced
(P<0.01and 0.05) and Annexin V positive cells respectively 26.4%
and 19.2% increased (P<0.01 in both) when compared to the culture
without Venetoclax. This further supports that Bcl-2 played a role in
regulation of B cells by the inhibition of apoptosis and could contribute
to the imbalance of B cells in aging.
In summary, the frequencies of T cell (CD3+) and T cell subsets
(CD4+ and CD8+ cells) from peripheral blood were all decreased in
old mice in contrast to young mice. The decreased CD3+, CD4+ and
CD8+ T cells in aged mice were highly associated with the reduced
expression of Bcl-2. The lowered Bcl-2 expression level did not only
affect T cell response by lowering the initial response points in aged
mice but is also associated with the T cell levels in the late stage of
responses with a shortened life span of the stimulated CD4+ and CD8+
cells in the circulating pool. B cells from aged mice, in the contrary,
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Figure 6: A schematic diagram for effects of Bcl-2 on T and B lymphocytes
in aging. Reduction of Bcl-2 expression in CD4+ and CD8+ T cells results in
declined T cell response to infected cells and tumor cells. Increased Bcl-2
expression in B cells leads to higher level immunoglobulin production and
may cause hypergammarglobulinemia, MUGs, autoimmune diseases and B
lymphoma.

were up-regulated by Bcl-2. Thus, Bcl-2 may play an important role
in the imbalance of T and B cells by the inhibition of apoptosis and
prolonging the cell survival in both physiological procedure and
pathological procedure (Figure 6).
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