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Abstract
T-regulatory cell (T-reg) frequency is increased in HIV infection and with aging. We evaluated the
effect of age on total, memory and naïve T-reg percentages in untreated HIV infection. Older
HIV+ subjects had a total T-reg percent that is 2.8% (p = 0.02) higher than among younger HIV+,
older HIV− and younger HIV− subjects. In HIV+ subjects, the total T-reg percentage is inversely
correlated with the lymphocyte proliferative responses to tetanus (r = −0.45, p = 0.002) and Candida
(r = −0.43, p =0.003) antigens. Similar correlations were seen between memory T-reg percentages
and the lymphocyte proliferative response to tetanus and Candida in HIV+ subjects. T-reg percentages
did not correlate consistently with markers of immune activation. T-reg percentages are increased in
the older HIV+ population and may play a role in the accelerated disease progression seen in older
HIV-infected persons.
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INTRODUCTION
T-regulatory cells (T-regs) are a critical T-cell population that profoundly inhibits T-cell
activation, proliferation and effector function[1]. Deficiency in T-reg number or function is
associated with autoimmune disease, while increased T-reg frequency is seen in certain cancers
[2,3] and chronic infections[1,4,5]. T-regs are characterized by the expression of the forkhead
transcription factor (FoxP3), which is critical to their regulatory function. FoxP3 is a
transcriptional repressor of nuclear factor of activated T-cells (NFAT) and nuclear factor-kappa
B (NFκB), which leads to the suppression of interleukin (IL)-2 secretion[5,6]. How best to
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identify human T-regs is controversial. Markers such as CD25 (the IL-2α-chain receptor),
cytotoxic T-lymphocyte antigen-4 (CTLA-4), glucocorticosteroid-induced tumor necrosis
factor receptor (GITR), and FoxP3 have been used to identify T-regs, but each of these markers
is also upregulated in T-cells that have been activated by a variety of mechanisms. Recent
studies show that T-regs can be identified reliably by the high-level expression of CD25 and
the low-level expression of CD127, the IL-7 α-chain receptor[7–9]. The expression of CD127
inversely correlates with the expression of FoxP3, and over 80% of CD25+FoxP3+ cells are
CD25+CD127lo [8]. Also, the isolation of CD25+CD127−CD4+ cells results in a highly
purified population of T-regs[8].

Complicating the phenotypic identification of T-regs is the existence of many T-reg subsets
that play divergent roles in various physiologic and disease settings. Abnormalities in these
subsets play distinct roles in diseases ranging from multiple sclerosis to multiple myeloma.
One way of categorizing T-regs is based on CD45RO isoform expression. Naïve T-regs are
CD45RO−, are directly derived from the thymus, target self-antigens and are apoptosis-
resistant[10,11]. Memory T-regs, on the other hand, are CD45RO+, are generated in peripheral
tissues from naïve T-cells after exposure to cognate peptide, and are activated and apoptosis-
prone[11,12].

Both a decrease in total T-reg numbers and an increase in T-reg proportions in peripheral blood
are seen in HIV infection[9,13,14]. Memory T-reg proportions are increased in HIV infection,
while naïve T-reg proportions are diminished[14]. The relative enrichment of the CD4+ T-cell
pool with T-regs is associated with decreased immune responses to pathogens ex vivo[14],
while the decrease in T-reg numbers is associated with the increased levels of immune
activation [9,14].

Aging, like HIV, is associated with impaired thymic function[15], a decreased ratio of naive
to memory T-cells[16], impaired lymphocyte proliferative responses to antigens[17], and
impaired delayed-type hypersensitivity (DTH) responses[18]. The damage to the immune
system by HIV infection is more pronounced in association with older age. Naive and total
CD4+ T-cell regeneration in response to highly active antiretroviral therapy (HAART) is less
robust in older compared to younger HIV-infected (HIV+) patients[19], and older age at
HAART initiation is associated with a higher risk of HIV-disease progression or death despite
HAART[20–23]. Aging is also associated with an increase in T-reg activity and frequency
[24–28]. In this study, we examine the effect of aging on the T-reg abnormalities seen in HIV
infection.

MATERIALS AND METHODS
Blood was obtained from participants in AIDS Clinical Trials Group (ACTG) Protocol 5015
that enrolled treatment naïve HIV+ patients who were either 18 – 30 years old (younger
HIV+) or ≥ 45 years (older HIV+). Age-matched, healthy HIV-uninfected (HIV−) subjects were
enrolled to ACTG 5113 as controls Included among the baseline immune and viral indices that
were measured in these studies were: plasma HIV-1 RNA (in HIV+ subjects only), CD4+ T-
cells, T-cell subsets (naïve [CD45RA+CD62L+], memory [CD45RO+CD62L−] and activated
[CD38+HLA-DR+] CD4+ and CD8+ T-cells), lymphocyte proliferative response to antigens
(Candida albicans, tetanus toxoid, Mycobacterium avium intracellulare complex [MAC] and
hepatitis A virus), serum levels of soluble tumor necrosis factor receptor (sTNFR)-II, TNF-α
and IL-2R, and thymic volumes estimated by non-contrast chest CT. Detailed methods and
results are reported elsewhere[19].
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T-reg cell phenotyping
T-reg cell phenotypes were determined using cryopreserved PBMC obtained at baseline. Four-
color flow-cytometry was performed using a FACSCalibur™ with CellQuest™ v2.1 software
(Becton Dickinson, San Jose, CA). Mouse anti-human monoclonal antibodies to CD4, CD25,
CD127, CD45RO, and isotype-control antibodies conjugated to fluoroscein isothiocyanate,
phycoerythrin, peridinin chlorophyll-protein, PE-Cy5, or allophycocyanin (BD-Pharmingen,
San Jose, CA) were used to determine the percentage of CD4+ T-cells that were
CD25+CD127lo (all or total T-regs), CD25+CD127loCD45RO+(memory T-regs) and
CD25+CD127loCD45RO− (naïve T-regs). The gating strategy we used for phenotyping of T-
reg cells has been reported previously[14].

Statistical Methods
We categorized subjects into 4 groups: younger HIV−, older HIV−, younger HIV+ and older
HIV+. Associations between a) % total, naïve or memory T-reg cells, and b) age group and
HIV status were explored with a non-parametric method based on ranks that tested all pair-
wise comparisons of the four groups defined by age group and HIV status with adjustment for
multiple testing of a given outcome at the 0.05 level of significance[29] (denoted adjusted) and
with a Wilcoxon Rank Sum test (denoted unadjusted), and also with multivariable linear
regression using dummy variables. Spearman rank correlations were used for 486 univariate
tests of association between T-reg proportions, age (in years) and immunologic variables. There
was no formal adjustment for all of the multiple testing done using Spearman rank correlations,
and p-values are presented for exploratory purposes only. S-Plus 3.4 (for SPARC, SunOS 5.3;
1996) was used for these analyses.

RESULTS
Forty-eight treatment-naïve HIV+ and 34 healthy HIV− subjects were included in this analysis.
Plasma HIV-1 RNA levels were not significantly different between HIV+ younger and older
subjects (Table 1). CD4+ T-cell number and percentage were significantly lower in the HIV+

groups, compared to the HIV− groups. Within each HIV serostatus category, CD4+ T-cell
numbers and percentages were significantly lower only in older HIV+ versus younger HIV+

subjects.

We explored associations between HIV status and T-reg frequencies. We observed in the rank-
based pair-wise comparison that among older subjects, HIV+ subjects had a significantly higher
percent total T-reg cells compared to HIV− subjects (p < 0.05 adjusted; p = 0.001 unadjusted),
but not among younger subjects. Both the linear regression, and adjusted and unadjusted rank-
based pair-wise comparison analyses showed that HIV+ subjects, young (p = 0.0019,
unadjusted) or old (p = 0.00196, unadjusted), have a significantly higher percent memory T-
reg than the corresponding age group in HIV− subjects (p < 0.05 adjusted for the rank-based
comparisons and p < 0.01 for the HIV+ main effect in the regression model). There were no
significant differences in naïve T-reg percent between HIV+ and HIV− subjects among either
younger or old individuals.

We next explored the associations between age, HIV serostatus, and total, memory and naïve
T-reg frequencies. Rank-based pair-wise adjusted comparisons of total T-reg percent between
the four groups found only one significant difference: older HIV+ subjects had higher percent
total T-reg than older HIV− subjects (p = 0.0011) (figure 1). Linear regression analyses showed
that older HIV+ subjects have an expected T-reg percent that is 2.8% (95% C.I. = 0.41, 5.18)
higher than all the other subgroups combined (p = 0.022). We found no significant differences
between other groups. Spearman rank correlation also showed a positive correlation between
age and total T-reg percent in HIV+ (r = 0.31, p = 0.031), but not in HIV− subjects. Overall,
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these findings indicate that total T-reg percent is higher in older HIV+ individuals compared
to the other groups.

We found no significant age group differences in memory T-reg percent in either HIV+ or
HIV− subjects. However, in regard to naïve T-reg percent, we found that younger HIV− subjects
were more likely to have a higher percentage of naïve T-regs than older HIV− subjects in the
rank-based pair-wise analysis (p < 0.05 adjusted; p = 0.005 unadjusted), while Spearman rank
correlation also showed that naïve T-reg percent is inversely correlated with age in HIV−

subjects (r = −0.51, p = 0.004). No difference was found between younger and older HIV+

subjects.

Correlations between T-reg frequencies and other T-cell subsets and thymic volume (Table 2)
were also evaluated. We found a significant inverse correlation between CD4+ T-cell
percentage, and total (r = − 0.33, p = 0.025) and memory (r = − 0.31, p = 0.034) T-reg percent
in HIV+, but not HIV−, subjects. We did not find a correlation between CD4+ T-cell numbers
and any T-reg percent in any age or HIV serostatus category. We did not find a significant
correlation between total, memory or naïve T-reg percent, and naïve or memory CD4+ or
CD8+ T-cell number or percentage, or thymic score. We also did not find an association
between the percentages of the various T-reg subsets and cellular (%CD38+HLA-DR+ CD4+

or CD8+ T-cells) or soluble (sTNFR-II, TNF-α and IL-2R) markers of activation in any of the
HIV serostatus or age categories, or in the group as a whole, with the exception of an inverse
correlation between soluble IL-2R and total (r = −0.50, p = 0.015) and memory (r = −0.46, p
= 0.027) T-regs in younger HIV+ subjects.

We also asked whether there were significant associations between T-reg percent and
pathogen-specific immune responses. Among HIV+ subjects, the total T-reg percentage
inversely correlated with the lymphocyte proliferative response (log10 SI) to tetanus (r = −0.45,
p = 0.002) and to Candida antigens(r = −0.43, p = 0.003) (figure 2), but not with the lymphocyte
proliferative response to MAC or hepatitis A antigens. A similar correlation was seen between
memory T-reg percent and lymphocyte proliferative response to tetanus (r = −0.37, p = 0.01)
and to Candida (r = −0.33, p = 0.02) in HIV+ subjects. Among HIV− subjects, the various
measures of pathogen-specific immunity did not correlate with T-reg frequencies.

DISCUSSION
In this cross-sectional exploratory analysis, we showed an increase in total T-reg percent in
older HIV+ individuals. This is consistent with an effect of aging on the relationship between
HIV and T-reg percent, or vice versa, an effect of HIV on age-related changes in T-reg percent.
We can not exclude the possibility that a longer duration of HIV infection in older HIV+

individuals contributed to the increased T-reg frequencies in this group. Nevertheless, aging
is associated with an increase in total T-reg activity and frequency[24–28], an increase that is
seen whether FoxP3, CD25 or the absence of CD127 expression on CD4+ T-cells are used to
measure T-reg frequency[28]. We may have even underestimated the frequency of T-regs in
our older subjects since the proportion of FoxP3+CD4+ T-cells that express CD25 declines as
humans age[28].

This study also showed that HIV infection is associated with increases in memory T-reg
percent, a finding consistent with previous studies[9,14]. We also showed that naïve T-reg
percent is increased in younger versus older seronegative individuals, but not in HIV+

individuals. It is surprising that we did not find associations between HIV infection, age and
memory and naïve T-reg percent. However, due to the study’s small sample size, we may
underestimate any significant relationships between age, HIV serostatus and memory or naïve
T-reg frequencies. Naïve T-regs undergo a preferential differentiation into effector memory
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T-regs after exposure to their cognate peptides and this leads to the accumulation of memory
T-regs as persons age[12]. In older persons, T-reg expansion may also be driven by reactivation
of endogenous pathogens as a result of immune senescence [15,30]. Similarly, in HIV disease,
the accumulation of total and memory T-reg cells may be driven by chronic exposure to HIV
and other antigens such as those expressed by endogenous microbes[31]. HIV disease is
characterized by frequent reactivation of endogenous pathogens[32,33] and elevated levels of
bacterial products in plasma[31] as a result of immunodeficiency. These convergent pathways
may explain how aging can enhance the increases in total T-reg frequency seen with HIV
infection.

We show a positive correlation between total and memory T-reg percent and soluble IL-2R in
younger HIV+ subjects. However, unlike other studies[9,34,35], we did not observe a
consistent relationship between T-reg percent and other cellular and soluble markers of immune
activation. The study’s small sample size and relatively narrow range of CD4+ T-cells may
have prevented us from detecting significant associations between activation and T-regulatory
cells. Also, unlike others[34,35], we used the high-level expression of CD25 and low-level
expression of CD127 as markers of T-regulatory cells. The use of different markers for T-reg
identification prevents inter-study comparisons as each study may be measuring different T-
reg subsets. For instance, FoxP3+CD127loCD4+ T-reg cells, but not
FoxP3+CD25+CD127loCD4+ T-reg cells, are closely associated with immune activation in
primary HIV infection[35]. Each T-reg subset may be affected by or may contribute to immune
activation in a variable manner, and may account for the apparent contradictory observations
in the literature.

We also found an inverse correlation in HIV+, but not HIV−, subjects between T-reg percent
and the lymphocyte proliferative responses to both Candida and tetanus. While the study’s
small sample size may magnify the effect of outliers in our dataset, the association between T-
reg frequency and pathogen-specific response has been shown previously[14] and is consistent
with the known immune suppressive effects of T-regs[36,37]. The current study suggests that
the relationship is strongest in the context of HIV infection. HIV infection is characterized by
lower CD4+ T-cell numbers and the enrichment of the CD4+ T-cell pool with T-regs, a
combination that may magnify the immune suppressive effect of T-regs. Unexpectedly,
memory T-regs and pathogen-specific response had a lower rank coefficient than total T-regs
and pathogen-specific response, which suggests that CD45RO− T-reg subsets may also
influence pathogen-specific immune response. The effect of T-reg frequency on pathogen-
specific immunity appears variable as we did not see associations with MAC- or hepatitis A-
specific responses. Inconsistent exposure to either MAC or hepatitis A may account for this
lack of association. We could not explore this possibility as the study did not collect information
regarding previous exposure to these antigens (or to tetanus toxoid). Also, typically, the
proliferative responses to hepatitis A antigens are very low, which may have led us to
underestimate this response. It is also possible that HIV, just like aging[28], may have variable
effects on T-reg function.

The significance of our observations is limited by the study’s small sample size. Nevertheless,
the primary study’s design controlled for variables such as plasma HIV-1 RNA within each
HIV serostatus category, which strengthens the associations that we have observed. We have
shown an enhancing effect of age on the increase in total T-reg percent in HIV infection, as
well as an enrichment of memory T-reg cells in HIV infection. As T-reg cells have profound
suppressive effects on immune response[36,37], the increase in T-reg percent may contribute
to the accelerated disease progression seen in HIV infection in the elderly.
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Figure 1.
Plot of age versus the total T-reg percent. Total T-reg percentage is defined as the percentage
of CD4+ T-cells that are CD25+CD127lo. P represents HIV+ subjects while N represents
HIV− subjects.

Tenorio et al. Page 8

Clin Immunol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Tenorio et al. Page 9

Clin Immunol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Plot of percentage of CD4+ T-cells that are CD25+CD127lo (total T-reg %) and the lymphocyte
proliferative response to tetanus (A) and Candida albicans (B) in HIV+ subjects.
Lymphoproliferation was assayed by measurement of [3H] thymidine incorporation in
response to Candida albicans antigen (20 mg/mL; Greer Laboratories) and tetanus toxoid (2
limit-of-flocculation units [lfu]/mL; Aventis Pasteur). Results are expressed as the log10 of the
stimulation index, defined as the ratio of the median counts per minute of quadruplicate cultures
with antigen to the median counts per minute in culture medium alone without antigen.
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