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Abstract

The multidrug resistance P-glycoprotein is a transmembrane efflux
pump expressed by lymphocytes and is involved in their cytolytic
activity. In the present study, we investigated the age-related changes
of P-glycoprotein function in normal peripheral blood lymphocytes.
Blood samples from 90 normal volunteers (age range, 0 to 86 years)
were analyzed. P-glycoprotein function was assessed by the flow
cytometric rhodamine 123 assay. P-glycoprotein function was highest
in cord blood and progressively declined with age in peripheral blood
T CD4+ and CD8+ cells. In contrast, P-glycoprotein function did not
vary with age in CD19+ B or CD16+CD56+ natural killer cells. These
data suggest that the decline in P-glycoprotein function in T CD4+ and
CD8+ lymphocytes as a function of age may contribute to the decrease
in T cell cytolytic activity with aging.
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Introduction

P-glycoprotein (P-gp), encoded by the
MDR1 (ABCB1) gene, is an energy-depend-
ent transmembrane efflux pump for a variety
of unrelated hydrophobic amphipathic drugs
(1) which actively extrudes toxic compounds
from the cell cytoplasm through the plasma
membrane. P-glycoprotein is expressed by
different normal tissues (2). It is found in
epithelial cells of the small and large intes-
tine and in the proximal tubules of the kid-
ney, in hepatocytes, pancreas, blood-brain
and blood-testis barriers, and in hematopoi-
etic tissue. In the hematopoietic compart-
ment, P-gp is mainly expressed by T, natural
killer (NK) and B lymphocytes, as well as

stem cells (3-6).
A strong body of evidence suggests that

P-gp also plays a role in cytolytic activity and
cytokine secretion by lymphocytes (7-10).
The blockade of P-gp function by the MRK-
16 monoclonal antibody inhibits T cell-me-
diated cytotoxicity. MRK-16 and UCI2
(monoclonal antibodies directed against P-
gp) and other drug-pump inhibitors are able
to inhibit the transport of interleukin-2 (IL-
2), IL-4 and interferon-γ in T lymphocytes.

On the other hand, cellular and humoral
immunity progressively declines with age (11-
14). T lymphocytes from elderly individuals
present decreased in vitro proliferation in re-
sponse to antigens and mitogens, as well as an
impaired cytotoxic response and abnormal
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cytokine secretion. Since P-gp mediates lym-
phocyte function (7-10), abnormal P-gp activ-
ity with aging has been implicated in the de-
creased immune function observed in older
individuals. Different investigators have ad-
dressed this question, but discrepant results
have been obtained. Pilarski et al. (15) found
that P-gp activity declined with age, while
Aggarwal et al. (16) found that P-gp function
was higher in the elderly. Until now, this
question remains unanswered.

The aim of the present study was to as-
sess age-related changes of P-gp function in
normal peripheral blood lymphocytes and
bone marrow stem cells by means of the flow
cytometric rhodamine 123 (Rh123) efflux
assay.

Material and Methods

Samples

Ten umbilical cord blood samples were
collected from full-term normal newborns
immediately after delivery. Venous blood
samples were collected from 80 healthy vol-
unteers divided into eight age groups: 1 to 11
months (N = 10), 1 to 3 years (N = 10), 4 to
12 years (N = 10), 15 to 18 years (N = 10), 20
to 30 years (N = 10), 35 to 45 years (N = 10),
50 to 65 years (N = 10), and 70 to 86 years (N
= 10). All volunteers came from the same
geographic region (Northeastern Brazil), and
samples were collected after informed con-
sent was obtained. This study was approved
by the local Ethics Committee.

Peripheral blood mononuclear cells were
separated by density gradient centrifugation,
washed and resuspended in RPMI 1640 me-
dium (Sigma, St. Louis, MO, USA) supple-
mented with 5% fetal calf serum to a final
concentration of 5 x 106 cells/ml.

Rhodamine 123-efflux assay

P-glycoprotein activity was determined
by efflux of Rh123 (Sigma), a fluorescent

dye that is a substrate for P-gp, as previously
described (4,17,18). Briefly, 200 µl of puri-
fied cell suspension was incubated with
Rh123 (final concentration, 200 ng/ml) for
20 min. After washing, cells were incubated
in Rh123-free medium in the presence or
absence of verapamil (Sigma), a P-gp inhib-
itor (final concentration, 10 µM), for 1.5 h
at 37ºC. Finally, cells were washed in
verapamil-containing RPMI medium and
incubated with the respective monoclonal
antibodies at 4ºC in the dark for 20 min.
Phycoerythrin (PE)-conjugated anti-CD4
(clone SK3, Becton Dickinson, San Jose,
CA, USA), peridinin chlorophyll protein-
conjugated anti-CD3 (clone SK7, Becton
Dickinson), anti-CD8-PE (clone SK1, Becton
Dickinson), anti-CD19-PE (clone 4G7,
Becton Dickinson), anti-CD16-PE (anti-
Leu11c, clone B73.1, Becton Dickinson)
and anti-CD56-PE (clone NCAM16.2,
Becton Dickinson) antibodies were used.
After this period of incubation, cells were
washed again and up to 50,000 events were
detected and analyzed with a FACScan flow
cytometer (Becton Dickinson) equipped with
an argon-ion laser with a wavelength setting
of 488 nm. The Rh123 efflux index was
calculated on the basis of the ratio of mean
fluorescence intensity for Rh123 in Rh123 +
verapamil/Rh123, according to standard rec-
ommendations (19).

The Spearman non-parametric correla-
tion test was employed to assess P-gp func-
tion changes as a function of age. In addi-
tion, the Kruskal-Wallis non-parametric test
followed by Dunn’s multiple comparison
test was used to determine differences among
age groups in cell subsets. P < 0.05 was
considered to be statistically significant.

Results

P-glycoprotein function in peripheral blood T
cells

The Rh123 efflux index showed that, in
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T CD3+CD4+ cells, P-gp function was high-
est in cord blood (median, 2.82, first-third
quartiles, 2.55-3.44), markedly decreasing
with age (20- to 30-year group, 1.39, 1.34-
1.51; P < 0.001), and reaching the lowest
levels in the 70- to 86-year group (1.13,
1.07-1.18; Spearman r = -0.8; P < 0.0001), as
shown in Figure 1. Even when the cord
blood group where P-function is highest,
was excluded from analysis, the inverse cor-
relation was still significant (P < 0.001).
Likewise, in T CD3+CD8+ cells, P-gp also
decreased with age. The highest levels were
observed in the cord blood group (8.14, 4.84-
10.04), progressively declining to 3.00 (2.14-
3.90; P < 0.05) in the 20- to 30-year group
and to 1.83 (1.61-1.95; P < 0.01) in the 70- to
86-year group (Spearman r = -0.42; P <
0.0001), as illustrated in Figure 2. As ob-
served for CD4+ T cells, the correlation was
still significant (P = 0.006) for CD8+ T cells
when the two younger age groups were ex-
cluded from analysis.

P-glycoprotein function in peripheral blood B
and NK lymphocytes

In B CD19+ cells, P-gp activity was low
in cord blood (1.51, 1.36-1.68), and did not
change significantly with age, the highest
median value being detected in the 15- to 18-
year group (1.75, 1.62-1.98; Figure 3A).
However, these levels were not statistically
different from the other age groups (Kruskal-
Wallis test, P = 0.49). Similarly, P-gp func-
tion did not change significantly with age in
NK CD3-CD16+CD56+ lymphocytes (cord
blood, 4.48, 2.50-8.51, and 70- to 86-year
group, 4.83, 3.72-5.46; Spearman r = 0.16; P
= 0.14), as illustrated in Figure 3B.

Discussion

The MDR1 gene-encoded P-gp, involved
in the export of substances from the cell, is
expressed by different normal tissues, such
as the hematopoietic tissue (2). Peripheral

Figure 1. Variation of P-glyco-
protein function in T CD4+ lym-
phocytes with age. P-glycopro-
tein function is reported as the
ratio of rhodamine 123 mean
fluorescence in the presence
and in the absence of verapamil
(rhodamine 123 efflux index). P-
glycoprotein functional expres-
sion was highest in cord blood,
progressively decreasing with
age and reaching the lowest lev-
els in the 70- to 86-year group.
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Figure 2. Variation of P-glyco-
protein function in T CD8+ lym-
phocytes with age. P-glycopro-
tein function is reported as the
ratio of rhodamine 123 mean
fluorescence in the presence
and in the absence of verapamil
(rhodamine 123 efflux index). P-
glycoprotein functional expres-
sion was highest in cord blood,
progressively decreasing with
age, reaching the lowest values
in the 70- to 86-year group.
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blood T, B and NK lymphocytes as well as
hematopoietic stem cells are the major he-
matopoietic cells expressing P-gp, but the
glycoprotein plays different physiological
roles in these cells (2-10). P-glycoprotein
participates in the cell secretion of cytokines
and in the cytotoxic function of killer cells
(7-10).

In the present study, P-gp function in T
CD3+CD4+ and CD3+CD8+ cells was high-
est in cord blood and progressively declined
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sion in T cells was highest in older individu-
als. However, they studied 10 young and 10
elderly subjects only, and their findings may
have been the result of a skewed population.
In a larger number of healthy volunteers (90
individuals) divided into a broader set of age
ranges (nine age groups from newborn to 86
years), we definitively demonstrated that, in
T cells, P-gp functional expression is highest
in cord blood and is progressively reduced
with age. The reduction in P-gp activity with
age observed in this study paralleled the
reduction in T cell function with aging. These
findings could explain, at least in part, the
impairment of T cell function observed in
the elderly in comparison to young adults
(11-14).

Moreover, we found that P-gp function
in B CD19+ cells follows a different pattern
as a function of age. It was low throughout
all age groups, with a slight increase in the
20- to 30-year group. Our results agree with
the single previous observation that P-gp
function in B CD19+ cells was lower in cord
blood and during infancy in comparison to
adults (15). In the cited study, the authors
speculated that the very high levels of P-gp
expression in cord blood T CD4+ and T
CD8+ cells might reflect a transient influ-
ence of transplacental maternal factors. How-
ever, the low P-gp activity observed in cord
blood B CD19+ cells does not support this
hypothesis.

Likewise, we found that P-gp activity
does not seem to be determined by age in NK
lymphocytes, since P-gp functional expres-
sion remained high in all age groups. To the
best of our knowledge, this was the first time
that a correlation between age and P-gp func-
tion was done in NK lymphocytes. In this
cell subset, P-gp seems to mediate cytotoxic-
ity, since the blockade of P-gp function by
different P-gp inhibitors (verapamil, cyclo-
sporine A and PSC833) suppresses NK cell
cytotoxic activity in a dose-dependent man-
ner (21). It is interesting to correlate these
observations with the finding that NK cell

Figure 3.     Variation of P-glyco-
protein function in B CD19+ (A)
and NK CD3-CD16+CD56+ (B)
lymphocytes with age. P-glyco-
protein function is reported as
the ratio of rhodamine 123
mean fluorescence in the pres-
ence and in the absence of
verapamil (rhodamine 123 efflux
index). P-glycoprotein activity
was low in all age groups and
was not influenced by age.
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with age, reaching the lowest levels in older
healthy volunteers; this phenomenon was
more evident in T CD3+CD4+ cells. Two
different investigators have previously ad-
dressed this question with conflicting re-
sults. Our findings agree with those of Pilarski
et al. (15), who evaluated 5 newborn, 36
young and 5 elderly subjects and found that,
in T CD4+ cells, P-gp functional expression
declined with age. Moreover, in T CD8+
cells, they found that P-gp function was high-
est in cord blood, but did not significantly
change with age. These data were attributed
to the preferential expression of P-gp in
naive T cells, since the proportion of these
cells decreases with age (20). In contrast to
our findings and those of Pilarski et al. (15),
Aggarwal et al. (16) found that P-gp expres-
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activity does not significantly change with
age (22). In contrast, P-gp expression is in-
fluenced by genetic factors in NK lympho-
cytes. Hitzl et al. (23) found that the MDR1
gene C3435T polymorphism is associated
with decreased P-gp function in this cell
subset. However, the impact of MDR1 gene
polymorphisms on P-gp expression in he-
matopoietic cells is heterogeneous. In a re-
cent study, we failed to demonstrate an asso-

ciation between MDR1 gene mutations and
P-gp functional expression in bone marrow
stem cells (24). Interestingly, in this cell
subset, P-gp expression is directly correlated
with age (25).

In conclusion, different hematopoietic cell
subsets showed different P-gp activity as a
function of age, and these changes might be
responsible for the specific characteristics of
the immune system in the elderly.
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